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PREFACE 










thing new to this edition. As with the first edition, we believe 
that to be successful, surgeons must have detailed knowledge 
of the important issues regarding diagnosis, an awareness of 
potential differential diagnoses, and a thorough appreciation 
of preoperative concerns relative to the animal’s disease or 
condition. These sections are each outlined in the text. Addi¬ 
tionally, anesthetic concerns, surgical anatomy, wound heal¬ 
ing, postoperative concerns, and potential complications are 
detailed. As with the first edition, the surgical technique it¬ 
self is described in detail, which provides the reader with a 
comprehensive and thorough description of each procedure. 

We were lucky to enlist the aid of the same surgeons from 
the first edition in this revised edition. As with the first edi¬ 
tion, the bulk of this book was written by five surgeons and 
an internist. Dr. Howard Seim and 1 were responsible for 
Part 1, General Surgical Principles , while Dr. Mike Willard 
cant r ib ut ed S ect ion II, Et i cl os copy. Dr. Cher y I H ed lund and 1 
were responsible for Part III, Soft Tissue Surgery ; and Drs. 
Ann Johnson and Don I lulse provided the material encom¬ 
passed in Part IV, Orthopedic Surgery. Dr. Howard Seim con¬ 
tributed Part V, Neurosurgery. Dr, Gwen Carroll provided the 
c h a pte r on pa in m ana ge m e n t (Ch apte r 12). Las tly, D r, M i ke 
Willard reviewed and provided his perspective to many of 
the chapters so that we might provide the most up-to-date 
information on the medical management of surgical disease. 


While contemplating a second edition to this textbook, we 
decided that it was crucial that this edition be more than a 
simple update of procedures that had been included in the 
first edition. It was our goal to add significant new informa¬ 
tion to the text, while at the same time improving the format 
and artwork used in the first edition. We are extremely proud 
of this second edition. We hope that you will find that we 
have accomplished our goals. In addition to adding five to¬ 
tally new chapters on endoscopy and minimally invasive sur¬ 
gery, we have also expanded the section on neurosurgery, in¬ 
corporating new chapters on surgery of the brain and 
peripheral nerves. We have also added procedures and indi¬ 
cations for many commonly performed ophthalmic proce¬ 
dures in the integumentary chapter. Throughout the text, you 
will find that we have updated procedures with new informa¬ 
tion published since the first edition was printed, and in 
many cases we have added descriptions of entirely new pro¬ 
cedures that were either rarely used, or not used, when the 
first edition was published. For example, we have included 
several new sections on arthroscopy in orthopedics; this min¬ 
imally invasive procedure is quickly becoming a modality of 
choice in the treatment of many complex joint problems, ft 
was our goal to make sure that we produced the most state- 
of-the-art book possible. Although it has always been our de¬ 
sire to provide clinically useful information, rather than a 
monologue of research on a given topic, we have addressed 
the need for a review of recent research by providing a new 
section at the end of the soft tissue, orthopedic, and neuro¬ 
surgery chapters entitled “Selected abstracts of recent manu¬ 
scripts/' This section is not meant to be an all-inclusive re¬ 
view of recent publications, but within this section, the reader 
will find a concise review of selected manuscripts that were 
ch ose 1 1 b ec au se th ey add re ss i m p or la n t clini ca I co n cer ns. We 
hope to build on this section in future editions. 

We have added new artwork to existing procedures, and 
you will find that there are more color illustrations in this 
edition than in the last. In fact, 75% of the illustrations in 
this edition are in full color. The artwork in the orthopedic 
section, in particular, has been vastly redone. In keeping with 
the first edition, we have maintained our initial goals of pro¬ 
viding (1) a limited number of contributors, (2) an excellent 
and consistent artwork program, and (3) a precise and con¬ 
sistent format that varies minimally between chapters. 

It has always been our intent to make this book as user- 
friendly as possible. For this reason, we have expanded the 
N QT L boxes, w h ic h h i gh 1 igh t i m p or tan t co n c er ns, ke y co n - 
cepts, and precautions. We have also expanded the use of 
tables that provide antibiotic, anesthetic, and analgesic pro¬ 
tocols. The tables are color-coded for easy reference, some¬ 


S FECIAL FEATURES 

Art Program 


We were extremely privileged to be able to work with our 
original illustrator, Laura Du prey, on this second edition. In 
addition to being an incredibly skilled artist, she has an ex¬ 
tremely broad-based and detailed knowledge of anatomy. 
You will find that the illustrations in this text are exception¬ 
ally clear and accurate. We have added many new illustra¬ 
tions, and revised many more, in our attempt to make this 
book the best illustrated textbook in veterinary medicine. 


OVERALL ORGANIZATION 
OF THE BOOK 


The first edition garnered much praise for using a consistent 
and user-friendly format. We have maintained that format 
here, expanding upon it where appropriate. Because we 
know that veterinary practitioners are busy, we have used ta¬ 
bles throughout the text to provide easy reference and to re¬ 
duce the amount of time spent searching for drug doses and 
other important information. Again, to prevent excessive 
duplication of material throughout the text, we have in some 
instances referred readers to other pages; however, when we 
have done so we have attempted to provide a specific page 
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mg. Therefore, recommendations for anesthetizing animals 
with a particular disease or disorder are found in the Specific 
Diseases section of each chapter. As with the first edition, Dr. 
Gwen Carroll served as our anesthesia consultant for this re¬ 
vision. Gwen was responsible for reviewing the general anes¬ 
thesia information for each organ system included in the 
General Principles and Techniques sections. Also included in 
this book are numerous suggested anesthetic protocols, in¬ 
cluding drug dosages. Although we recognize that many vet¬ 
erinarians have established protocols that they prefer and 
with which they are comfortable, the protocols provided in 
this book have proved to be a handy resource for both stu¬ 
dents and doctors. 


Etiology 

Classifications of Disease 
Clinical Signs 

Diagnosis and Differential Diagnosis 
Antibiotics 

Anesthetics and Sedation 
Analgesics/Pain Managemen t 
General Treatment 

Complications 

Calculations 

General Tables 




Index 

We felt that an extensive index was mandatory. The index ol 
Small Animal Surgery is thorough and exhaustive. Addition¬ 
ally, we have avoided cross-referencing readers to separate 
entries in the index. Rather, we have opted to duplicate page 
sources each time a topic is listed because we believe that this 
is the most useful format for practitioners. 
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References. It was our feeling that with the ready availability 
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more than 10 years old from this edition, unless the refer¬ 
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mation to practitioners and students of veterinary medicine, 
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given topic not yet proven to have clinical relevance. How¬ 
ever, with this edition, we have addressed the need for a re¬ 
view" of recent research by providing a new section at the end 
of the soft-tissue, orthopedic, and neurosurgery chapters 
called Selected abstracts of recent manuscripts. This section is 
not meant to be an all-inclusive review of recent publica¬ 
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manuscripts that were chosen because they address impor¬ 
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ture editions. 
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Before packing, instruments are separated and placed in 
order of their intended use. If steam or gas sterilization is 
used, the selected wrap should he penetrable by steam or gas, 
impermeable to microbes, durable, and flexible. Commonly 

used wrapping materials, the advantages and disadvantages 
of each, and the sterilization techniques with which each is 


Whenever dermal integrity is disrupted, such as during sur¬ 
gery, microorganisms have access to inner tissues. The bac¬ 
teria that contaminate surgical wounds generally originate 
from the patients endogenous flora, from operating room 
personnel, and from the environment. To prevent wound 
contamination, rules of aseptic technique must be followed. 
These rules are not simply guidelines; they are laws of the 
operating room, and breaking them subjects patients to the 

risk of infection or disease. 

Aseptic technique is defined as the methods and practices 
that prevent cross contamination in surgery. It involves 
p rope r p re p a ra t i on o f the fac il it i e s a n d e nv i ro n m ent (Cha p - 
ters 3 and 4), surgical site (Chapter 6), surgical team (Chap¬ 
ter 7), and surgical equipment (Chapters 2 and 8). 

For infection to develop, microorganisms must he intro¬ 
duced into the surgical wound. The source of the micro¬ 
organisms may be exogenous (i.e., the air, sur 
instruments, surgical team, or patient) or endogenous (i.e., 
organisms that originate in the patient's body). It is impos¬ 
sible to eliminate all microorganisms from the surgical 
wound and sterile field; however, aseptic technique limits the 
patient's exposure to a number of microorganisms that is 
not detrimental. The rules of aseptic technique and the rea¬ 
sons for them are listed in Table l-L lL No pathogen has yet 
developed resistance to aseptic technique.” 


compatible are listed in Table 1-2. 

To ensure maximum penetration, specific guidelines 
should be followed when preparing packs for steam and gas 
sterilization. Presterilization wraps for steam sterilization 
comprise two thicknesses of two-layer muslin or non woven 
(i.e., paper) barrier materials. The poststerilization wrap (i.e., 
the wrap used after sterilization and the proper cool down pe¬ 
riod) is a waterproof, heat-seakiblc plastic dust cover; this 

if the item is to be used within 24 hours 


wrap is not necessary 
of sterilization. Small items may be wrapped, sterilized, and 
stored in heat-sealable paper or plastic peel pouches. Items to 
be gas sterilized arc wrapped in 
pouches or tubing or muslin wrap. When plasma sterilization 
is used, items should be wrapped in heat-sealable Tyvek- 
Mylar pouches or polypropylene wraps. Time, temperature, 
and humidity recommendations for steam, ethylene oxide, 
and plasma sterilization are given in Chapter 2, 

For steam and gas sterilization, instruments should be or¬ 
ganized on a lint-free (buck) towel placed on 
perforated metal instrument tray. Instruments with box locks 
should be open when autoclaved. A 3- to 5-mm space between 
instruments is recommended for proper steam or gas circula¬ 
tion. .Complex instruments should be disassembled when pos¬ 
sible, and power equipment should be lubricated before 
sterilization. If the item has a lumen, a small amount of water 


heat-sealable plastic peel 


PREPARATION OF SURGICAL PACKS 


Regardless of the sterilization technique used, instruments 
and linens (e.g., towels, gowns, and drapes) must be cleaned 
of gross contamination. Instruments should be cleaned 
manually or with ultrasonic cleaning equipment and appro¬ 
priate disinfectants as soon as 
Chapter 8), and linens should be laundered. Items sterilized 
by pressurized steam or other methods (e.g., ethylene oxide, 
plasma) must be wrapped in a specific manner (see p. 9), 
The procedure for wrapping items is based on enhancing the 
ease of sterilization and preserving the sterility of the item, 
not on convenience or personal preference. 


should be flushed through it immediately before steam sterili¬ 
zation, because water vaporizes and forces air out of the lumen; 
conversely, moisture left in tubing placed in a gas sterilizer may 
reduce the action of the gas below the lethal point. Containers 
(e.g., saline bowl) should be placed with the open end facing up 
or horizontal; containers with lids should have the lid slightly 
ajar. Multiple basins should be stacked with a towel between 


possible after surgery (sec 
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TABLE 1-1 


Rules of Aseptic Technique 


REASON 


RULE 


Movement out of the sterile area may encourage cross 
contamination. 

Talking releases moisture droplets laden with bacteria. 
Movement in the OR may encourage turbulent airflow and 

result in cross contamination. 

Dust, lint, or other vehicles of bacterial contamination may 
fall on the sterile field. 

A team member's back is not considered sterile even if wear¬ 
ing a wraparound gown, 

Unsterile instruments may be a source of cross 
contamination, 

Nonscrubbed personnel and nonsterile items may be a 
source of cross contamination, 

Nonsterile, contaminated equipment may be a source of 

cross contamination. 

Items hanging over the table edge are 

are out oF the surgeon's vision. 

The back of the gown is not considered sterile even if it is a 
wraparound gown. 

Moisture carries bacteria from o nonsterile surface to a ster¬ 
ile surface [strike-through contamination). 

Once opened, sealed edges of pouches are not sterile. 

Contamination can occur From perforated wrappers or from 
strike-through from moisture transport. 

The axillary region of the gown is not considered sterile. 


Surgical team members remain within the sterile area. 


Talking is kept to a minimum. 

Movement in the operating room OR) by all personnel is 

necessary personnel should enter 


I 


kept to a minimum; only 
the operating room. 

Nonscrubbed personnel do not reach over sterile fields. 










Scrubbed team members face each other and the sterile field 
at all times. 

Equipment used during surgery must be sterilized. 


















Scrubbed personnel handle only sterile items; nonscrubbed 
personnel handle only nonsterile items. 

If the sterility of an item is questioned, it 






is considered 




con- 








laminated. 






considered nonsterile 




Sterile tables are only sterile at table height. 


i 












because 






it 


Gowns are sterile from mid-chest to waist and from gloved 
hand to 2 inches above the elbow. 

Drapes covering instrument tables or 
moisture proof. 

If a sterile object touches the sealing edge of the pouch that 

opening, it Is considered contaminated. 
Sterile items within a damaged or wet wrapper are consid¬ 
ered contaminated. 

Hands may not be folded into the axillary region; rather, they 

clasped in front of the body above the waist. 

If the surgical team begins the surgery seated, they should 
remain seated until the surgery has been completed. 




the patient should be 
















holds it durin 












are 




The surgical field is sterile only From table height to the chest; 
movement from sitting to standing during surgery may in¬ 
crease cross contamination. 
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TABLE 1-2 








Wrapping Materials for Pack Preparation 










STERILIZATION METHOD 


DISADVANTAGES 


ADVANTAGES 


MATE RIAL 






Steam, ethylene oxide 


ayer and 


double 1 

ouble wrap, generates 
lint, not moisture resistant 
Single use, memory, not as 
durable, not moisture re¬ 
sistant, requires double 


Durable, flexible, reusable, 
easily handled 

Inexpensive 


Ream res 


Cotton muslin; 140 or 270 

thread counts 








Steam, ethylene oxide 


Nonwoven barrier material 
(i.e v , paper) 




wra p 

Single use, requires double 
wrap 




Steam, ethylene oxide, 




Flexible, durable, excellent 
bacterial barrier, puncture 
resistant, lint free 
Convenient, long shelf life, 

water resistant 
Convenient, long shelf life, 
waterproof, more puncture 
resistant 


Nonwoven polypropylene 
fabric 

Paper/plastic pouches! 

(heat sealed) 

Plastic pouches! 

(heat sealed) 


it 


Steam, ethylene oxide 


Instruments may puncture 

pouch 

Instruments may puncture 
pouch 






Plasma, ethylene oxide 














Spunguard* 

jMade of paper and Mylar. 
tMade of Tyvek and Mylar. 
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FIG 1-1 


Wrapping an instrument pack. A, Wrap the instrument pack in a dean huck towel. Place a 
large, unfolded wrap in front of you and position the instrument tray in the center of the 
wrap so that an imaginary line drawn from one corner of the wrap to the opposite corner 
is perpendicular to the long axis of the instrument tray. B, Fold the corner or the wrap that 
is closest to you over the instrument tray and to its far edge. Fold the tip of the wrap over 
so that it is exposed for easy unwrapping, C, Fold the right corner over the pack. D, Fold 
the left corner similarly. 1, Turn the pock around and fold the final corner of the wrap over 
the tray, tucking it tightly under the previous two folds. F, Wrap the pack in a second layer 
of cloth or paper in a similar manner. Secure the last corner of the outer wrap with mask¬ 
ing tape and a piece of heat-sensitive indicator tape. 


HANDLING AND STORAGE 
OF STERILIZED INSTRUMENTS 
AND EQUIPMENT 


them. A standard count of radiopaque surgical sponges should 
be included in each pack, A sterilization indicator (see p, 10) 
should be placed in the center of each pack before it is wrapped. 
Solutions should be steam sterilized separately from instru- 
ments using the slow exhaust phase (see Table 2-2, p. 8). 

Linens may be steam sterilized. The maximum size and 
weight of linen packs that can be steam sterilized effectively 
are 12 X 12 X 20 inches and 6 kg, respectively. Closely wo¬ 
ven table drapes should be packed separately. Layers of linen 
are alternated in their orientation to permit steam penetra¬ 
tion, As with instruments, a sterilization indicator (see p, 10) 
should be placed in the center of each pack. 

Wrapping Instrument Packs 

Instrument packs should be wrapped so that they can be eas¬ 
ily unwrapped without breaking sterile technique (Fig. 1-1), 

Folding and Wrapping Gowns 

Gowns must be folded so that they can be easily donned 
without breaking sterile technique (Fig. 1-2), 

■ 

Folding and Wrapping Drapes 

Drapes should be folded so that the fenestration can be 
properly positioned over the surgical site without contami¬ 
nating the drape (Fig. 1-3), 


After removal from the autoclave, packs are allowed to cool 
and dry individually on racks. Placing the packs on top of each 
other during cooling may promote condensation of moisture, 
resulting in strike-through contamination. Strike-through 
contamination occurs when moisture carries bacteria from a 
non sterile surface to a sterile surface. When the sterile packs are 
completely dry, they should be stored in waterproof dust cov¬ 
ers in dosed cabinets, (rather than uncovered on open shelves ) 
to protect them from moisture or exposure to particulate mat- 

dust-borne bacteria). Excessive handling of sterile sup¬ 
plies should be avoided, especially if the items are pointed or 
have sharp edges. Sterile items should be handled gendy and 
should be protected from bending, crushing, or compression 
forces that could break a seal or puncture the package. Sterile 
packs should be stored away from ventilation ducts, sprinklers, 
and heat-producing light. The ideal environmental conditions 
are low humidity, low air turbulence, and a constant, control- 
la hie ro om tem p e r a t u re. 


ter (Le 




Sterile Shelf Life 


The use of published expiration dates for sterilized items 
in various types of wrappers (Table 1-3) is a matter of 
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no 1-3 


ing and wrapping drapes. A, Lay the drape flat with the ends of the fenestration per 
pendicular to you and the sides of the fenestration parallel to you, B, Grasp the edg 
the drape nearest you and fanfold the drape to the center. The edge of the drape should 
be exposed (dorsal) so that it can be easily grasped during unfolding. C, Turn the drape 
around and Fanfold the other half the same way, D, Fanfold one end of the drape to the 
center (the fingers are through the fenestration); repeat with the other end, E, If the drape 
has been folded properly, the fenestration is an the ventral outermost aspect, F, Fold the 

two layers of paper or cloth wrap as described in Fig. 1-1, 


of 


es 
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drape in half an 
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plastic dost covers must be removed or wiped dean before 
reaching the surgical area. 

Unwrapping and Opening Sterile Items 

Sterile items are wrapped in a manner that allows operating 
room personnel to unwrap the item without contaminating 
it (see left column). There are three popular methods of dis¬ 
tributing sterile items. 

Unwrapping large sterile linen/paper/polypropy¬ 
lene packs that cannot be held during distribution. 

If the pack is too large, cumbersome, or heavy to be held 
during distribution, it may be opened onto a Mayo stand or 
back table. Place the pack on the center of the Mayo stand or 
back table and open each folded layer by pulling it toward 
you (this prevents your hand and arm from extending over 
the sterile area). Handle only the edge and underside of the 
wrap. Follow the same procedure for each fold. When the 
pack is open, have a sterile team member place it on the ster¬ 
ile table. 

There is disagreement over the correct way to open 
double-wrapped sterile packs; outer layer only or both lay¬ 
ers, and there is evidence to support both techniques. The 
rationale for opening the outer layer only is that this tech¬ 
nique eliminates the risk of microbial shedding from the cir¬ 
culating nurse’s hands and arms onto the contents of the 
sterile package. The rationale for opening both wrappers is 
that when the outer surface of the inner wrapper is opened, 
it may become contaminated by dust particles and debris 
from the outer wrapper; if this inner wrapper is opened by the 
circulating nurse, the possibility of contamination is reduced. 
The decision on which technique to use must be based on the 
technical expertise of personnel and barrier quality. 

Unwrapping sterile linen/paper packages that 
can be held during distribution* These packs may be 
opened and placed on a sterile table as described in Fig. 1-4 
or, after opening, they may be grasped by a sterile team 
mem b e r. 

Unwrapping sterile items in paper/plastic or 
plastic peel-back pouches* Identify the edges of the 
peel-back wrapper and carefully separate them. Peel the 
edges of the wrapper back slowly and symmetrically to en¬ 
sure that the sterile item does not come in contact with the 
torn edge of the wrapper (the torn edge of a peel-back wrap¬ 
per is umterile), If the item is small, place it on the sterile 
area as described above, being careful not to lean across the 
sterile table. If the item is long or cumbersome, have a ster¬ 
ile team member grasp it and gently pull it from the peel- 
back wrapper, taking care not to brush the item against the 
peeled edge of the wrapper. Scalpel blades and suture mate¬ 
rial are opened in a similar manner. 

Pouring Solutions into Basins 

Solutions (i.e., sterile saline and antiseptics) are poured into 
basins. The basin should be held away from the surgical table 
by a sterile team member to prevent the nunsterile assistant s 
hand and arm from extending over the sterile area. The 
solution is poured without splashing, with care taken to 


controversy. Events, not time, contaminate products. It re¬ 
cently was shown that if items are packaged, sterilized, and 
handled properly, they remain sterile unless the package is 
opened, gets wet, is torn, has a broken seal, or is damaged 
in some other way (i.e., event-related expiration). The 
length of time an item is considered sterile depends on a 
number of factors: (1) the type and configuration of the 
packaging materials; (2) the number of times a package is 
handled before use; ( 3) the number of personnel who may 
have handled the package; (4) whether the package was 
stored on open or closed shelves; (5) the condition of the 
storage area (e.g., cleanliness, temperature, and humidity); 
and (6) the method of sealing and whether dust covers 
were used (Association of Operating Room Nurses, 2000). 
To effectively use an event-related expiration system, there¬ 
fore, appropriate protocols must be adopted for sterilizing 
and handling items. 

Handling Sterilized Items 

In the future, sterile packs will not have an expiration date; 
they will have the date on which the item was sterilized and 
a control lot number for tracing a nonsterile item. Heat- 
sealed, waterproof dust covers will be placed on items not 
routinely used. All packages will state, “Sterility guaranteed 
until the package is damaged or opened.” these items will 
have to he stored in a manner that does not compromise 
packaging and sterility, and they will need to be rotated in 
such a way that the item processed first is used first. 

If a sterile pack is damaged, it should not be used. Dam¬ 
age is defined as wraps that have moisture present; packs that 
have been placed in a dusty environment or stored near the 
source of an air current; items that have been dropped, bent, 
crushed, compressed, torn, or punctured; or packs that have 

a broken seal. The education of surgery personnel must in¬ 
clude training in ways to protect sterile items from events 
that cause loss of sterility. The integrity of sterilized items 
must be carefully assessed to identify damaged goods, and 


TABLE 1-3 


Recommended Storage Times for Sterilized Packs 


WRAPPER 


SHELF LIFE 


Double-wrapped, two-layer muslin 
Double-wrapped, two-layer muslin, heat 
sealed in dust covers after sterilization 
Double-wrapped, two-layer muslin, tape 
sealed in dust covers after sterilization 
Double-wrapped nonwoven barrier materials 6 months 
(i.e., paper) 

Paper/plastic peel pouches, heat sealed 
Plastic peel pouches, heat sealed 


4 weeks 

6 months 


2 months 


1 year 
1 year 


Sterilized items from hospitals that have adopted event-related steri ■ 
ity assurance have an indefinite shelf life (see p H 10), 
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FKG 1-4 

A To unwrap a sterile linen pack that can be held during distribution 
your left hand if you are right-handed (and vice versa). B, Using your right hand, untold 

corner of the wrap at a time, being careful to secure each corner in the palm ot your 
left hand to prevent them from recoiling and contaminating the contents. C, Hold the lino 
corner with your right hand; your hand should be completely covered by the wrap. When 

fully exposed and all corners of the wrap have been secured, gently set the 
on the sterile field, being careful not to allow your hand and arm to reach across or 

the sterile field* 


hold the pack in 




one 


the 
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Suggested reading _. 

A, Turner DW, Smith A: Successful, documented studies 
favoring indefinite shelf life, / Healthcare Material Management 






prevent it from dripping down the container onto the sterile 
persons hand. The solution container should not touch the 

sterile basin. 


Donovan 
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Hooker R: Successfully eliminating outdated / Healthcare Material 
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DISINFECTANT 

PROPERTIES 


ANTISEPTIC MECHANISMS 
PROPERTIES OF ACTION 
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PRACTICAL USE 
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valve. As steam accumulates and the temperature increases, 
the steam-release valve doses. Because the function at this 
sterilizer is based on the ability ot air to move to the bottom 
of the autoclave, careful wrapping (see p. 1) and loading of 

critical (see above). The minimum 


and cellular protein denaturation, To ensure the 


co a gul at io n 

destruction of all living microorganisms, the cot rect relation¬ 
ship between temperature, pressure, and exposure 

closed compartment and 

pressure is increased, the temperature increases, provided the 
volume of the compartment remains the same. If items are 

gh to steam at a specified temperature and 

they become sterile. The unit used to create this 

is called an autoclave. 


is contained in a 


critical. If steam 


sup plies 

temperature standards for a gravity displacement steiilizet 

25 minutes at 270° to 275° F (132° to 135° C) or 15 
to 30 minutes at 250° F (121° C). Table 2-2 shows the recom¬ 
mended sterilization times tor commonly sterilized items. 

Frevocuum sterilizer* The prevacuum sterilizer relies 
on air being actively pulled out ol the inner 
thereby creating a vacuum. Steam is injected into the cham¬ 
ber to replace the air. This method of sterilization provides 
greater steam penetration in a shorter time than the gravity 
displacement sterilizer. The minimum time-temperature 
standard for a prevacuum sterilizer is 3 to 4 minutes at 2/0 


are 10 to 


exposed long enou 


pressure, 

high-temperature, pressurized steam 

Failure to sterilize packs may occur if they are wrapped 

Improperly loaded in the autoclave or gas 

sterilizer container. Instrument packs should be positioned 

dge) and longitudinally in an autoclave. 


chamber, 


or are 


vertically (i.e. 7 on e 
Heavy packs should be placed at the periphery, where steam 

the chamber. A small amount of air space is allowed 
between the packs to facilitate the flow of steam {1 to 2 

from the surrounding 


enters 


to 275° F (132° to 135° C), 


inches between the packs atid away 
walls). Linen packs are loaded so 
oriented vertically (he 

stacked, because the increased thickness reduces penetration 

and exact standards for 


flash” sterilization is 
unwrapped, nonsterile item must be 


Flash sterilizer. Emergency or 


that the fabric layers are 
edge). These packs are not 


performed when an 


of the steam. Close supervision 

preparing, packaging 
lo r effe c t i ve st ea m a nd gas ster i liz a t ion. 


, and loading of supplies are necessary 


TABLE 2-2 


Exposure Periods for Sterilization in Gravity 
Displacement Sterilizers 


Types of Steam Sterilizers 

Gravity displacement sterilizer. The most 

manly used steam sterilizer in veterinary practice is the giav- 

downward”) displacement sterilizer (Fig. 2-1). This 
works on the principle that air is heavier than 

. Supplies to be sterilized are 


com- 


MINIMUM TIME 
REQUIRED (MIN) 

250°-254“ f 
[121°-123° C) 


ity (or 


sterilizer 


ITEM 


loaded into the inner 


l-l I 


outer jacket-type chamber surrounds 


Scrub brushes (in dispensers, cans, 
individually wrapped] 

Dressings (wrapped in muslin 
Glassware (empty, inverted) 
Instruments (wrapped in double- 
thickness muslin) 

Instruments combined with suture, 
tubing, porous materials (wrapped 

in muslin or paper) 

Metal instruments only (unwrapped) 

maximum size 12 X 12 X 20 


chamber. A narrow, 
the inner chamber. Pressurized steam from the narrow, outer 

chamber and surrounds the sup- 


30 


30 


paper) 


or 


chamber enters the inner 

the inner chamber is 


15 


pulled downward by grav- 
the floor and exits through a temperature-sensitive 


plies. Air in 


W 


ity to 


Pressure 

gauges 


15 


Safely va ve 


iShi 


Unen 

inches (6 kg wrapped) 

Needles (individually packaged in 

lumens moist) 


30 




Operating 

valves 


30 


glass vials or paper, 

Needles (unwrapped, lumens moist) 
Rubber catheters, drains, tubing 
(wrapped in muslin or paper; 

lumens moist) 

Rubber catheters, drains, tubing 
(unwrapped; lumens moist) 

Utensils (wrapped in muslin or paper, 

‘ on edge) 

Utensils (unwrapped, on edge) 

Syringes [unassembled, individually 
packaged in muslin or paper) 
Syringes (unassembled, unwrapped) . 
Suture —silk, cotton, nylon (wrapped in 
paper or muslin) 

Solutions: 75-250 ml 

500-1000 ml 
] 500-2000 ml 


15 


30 


20 


20 


Steam return - 


Drain 


Thermostatic 

traps 


15 


I 


n 


Thermometer 


30 




Air break 




15 


Pressure regulator 




Steam supply 


Waste funnel 


30 


20 {slow exhaust] 
30 (slow exhaust) 
40 (slow exhaust) 


FIG 2-1 

Gravity displacement autoclave. (Modified from Slatter D. 
Textbook of small animal surgery , ed 2, Philadelphia, 1993 


WB Saunders.) 
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sterilized quickly. A gravity displacement sterilizer is used for 
this purpose. The item is placed unwrapped i n a perforated 
metal tray and sterilized according to the manufacturers 
time and temperature recommendations. With detachable 

handles, sterilized items are transported to the operating 
room in the metal tray. It is difficult to deliver flash-sterilized 
devices aseptic ally; the tray is hot, wet, and unwrapped and 
collects dust, debris, and microorganisms more readily than 
dry cool trays with bio barrier protection. This type of ster¬ 
ilization should be used only in emergencies when no alter¬ 
native is available. The minimum time-temperature 
standard for a gravity flash sterilizer is 3 minutes at 270° to 
275° F (132° to 135° C) for metal or nonporous items (he., 
items without a lumen) and 10 minutes at the same temper¬ 
ature for metal items with lumens and porous items (e.g., 
rubber, plastic) sterilized together. 


oxide is a vesicant (i.e.* causes cutaneous burns) and also 
causes nausea, vomiting, headaches, weakness, upper and 
lower respiratory irritation, and destruction of red blood 
cells when improperly aerated items come in contact with 
the circulatory system. A category I carcinogen, it also causes 
birth defects. Ethylene oxide sterilization may soon be pro¬ 
hibited, because it requires the use of chlorofluorocarbon 12, 
a hazardous and environmentally unsound chemical. 

Plasma Sterilization 

Plasma sterilization is a low-temperature sterilization tech¬ 
nique that has become the method of choice for sterilizing 
heat-sensitive items. Phis process uses reactive ions, elec¬ 
trons, and neutral atomic particles to sterilize items. Vapor 
phase hydrogen peroxide sterilization is a form of plasma 
sterilization that uses hydrogen peroxide to process instru¬ 
ments quickly and efficiently. Instruments can be sterilized at 
low temperatures (i.e,* below 122° F [50° Cj) and short time 
intervals (i.e., 45 minutes), and they are immediately avail¬ 
able because aeration is not required. Items for sterilization 
must be wrapped in non woven polypropylene fabric or plas¬ 
tic (Tyvek-Mylar) pouches (see Table 1-2 on p. 2). Items that 
can be sterilized with this process are stainless steel alu¬ 
minum, brass, silicone, Teflon, latex, ethyl vinyl acetate, Kra- 
ton, polycarbonate, polyethylene (high density and low 

density), polyolefin, polyurethane, polypropylene, polyvinyl 
chloride (PVC), and polymethylmethacrylate. Items that can¬ 
not be sterilized safely include linen, gauze sponges, wood 
products (including paper), endoscopes, some plastics* liq¬ 
uids, items that cannot be disassembled, items that cannot be 
completely dried, items with copper or silver solder or that 
use disphenole A epoxy, tubes and catheters longer than 12 
inches, and tubes and catheters less than 3 mm in diameter. 

Ionizing Radiation 

Most equipment available prepackaged from the manufac¬ 
turer has been sterilized bv ionizing radiation (i.e., cobalt 
60), This process is restricted to commercial use because of 
its expense. Items commonly used in the operating room 
that are sterilized with ionizing radiation include suture ma¬ 
terial, sponges, disposable items (i.e., gowns, drapes, and 
table covers), powders, and petroleum goods. Resterilization 
by other means may not be possible for prepackaged steril¬ 
ized items that have been opened but not used, because an 
alternate technique could damage the item and create a 
health hazard. 


Chemical (Gas) Sterilization 

Ethylene oxide. Ethylene oxide is a flammable, explo¬ 
sive liquid that becomes an effective sterilizing agent when 
mixed with carbon dioxide or Freon. It kills microorganisms 
by altering their deoxyribonucleic acid (DMA) through alky¬ 
lation. Equipment that cannot withstand the extreme tem¬ 
perature and pressures of steam sterilization (i.e., 
endoscopes, cameras, plastics, and power cables) can safely 
he sterilized with ethylene oxide. The process is enhanced by 
heat and moisture, with the optimum temperature ranging 
from 120° to 140° F (49° to 60° C) and the optimum humid¬ 
ity level from 20% to 40%, The time required for steriliza¬ 
tion depends on the concentration of ethylene oxide, the 
humidity level, the temperature, and the density and type of 
materials to he sterilized. The manufacturer's recommenda¬ 
tions for ethylene oxide exposure time must be followed, ft 
is critical for the safety of the patient and hospital personnel 
that all materials sterilized with ethylene oxide be aerated 
appropriately. The specific aeration time necessary for surgi¬ 
cal items depends on many variables, including the compo¬ 
sition and size of the item, its preparation and packaging, the 
type of ethylene oxide sterilizer used, the type of aerator 
used, and the temperature penetration pattern of the aera¬ 
tors chamber. The manufacturer s guidelines should be fol¬ 
lowed, but generally aeration in a well-ventilated area for a 
minimum of 7 days, or 12 to 18 hours in an aerator, is suffi¬ 
cient. 


Items should be clean and dry before ethylene oxide ster¬ 
ilization; moisture and organic material bond with ethylene 
oxide and 1 eave a toxic residue. If an item cannot be disas- 
sembled and all surfaces cleaned, it cannot be sterilized. 
Items are packed and loaded loosely in the sterilizer to allow 
gas circulation. Complex items (e.g.* power equipment) are 
disassembled before processing (see p. 1), Items that cannot 
be sterilized with ethylene oxide include acrylics, some phar¬ 
maceutical items, and solutions. 

The environmental and safety hazards associated with 
ethylene oxide are numerous and severe. The manufacturer's 
guidelines for equipment use should be followed carefully to 
prevent in jury to I he patient or hospital personnel. Ethylene 


Cold Chemical Sterilization 

Chemicals used for sterilization must be noncorrosive to the 
items being sterilized. Glutaraldehyde is noncorrosive and 
provides a sate means of sterilizing delicate lensed instru¬ 
ments (i.e., endoscopes, cystoscopes, and bronchoscopes). 
Most equipment that is safe for immersion in water is safe 
for immersion in 2% glutaraldehyde. Items for sterilization 
should be clean and dry; organic matter (e.g., blood* saliva) 
may prevent penetration of crevices or joints. Residual water 
causes chemical dilution. Complex instruments should be 
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FIG 2-4 


FIG 2-2 

Tape and indicator strips for steam sterilization. The diago¬ 
nal stripes on the tape (tap) turn from tan to black. The "K 
arrow, and dot on the indicator strips ( bottom) turn from 

white to black to match "O. 


Tape and indicator strips for plasma steri izatian 
(before—rafter). Tope: red-^yellow. Strips: red-fyellow. 




/ 


if 




Therefore it is important to remember that chemical indica¬ 
te r s 

for sterility have been met. The indicators are placed in the 
center of each pack and on 
sterilized* 

Some autoclaves have a temperature-time graph on the 
control panel. This indicator method is reliable for 

ing the temperature reached and the length of time that each 
load is exposed to that temperature* A written record can be 
kept of each processed load. 

Use of a biologic indicator is the surest way to determine 

sterility. A strain of highly resistant, no 
forming bacteria (Bacillus stearothemophilus for steam, 

Bacillus subtilis for gas), which is contained in 
strip of paper, is placed in the load of goods 
After the sterilization cycle is complete, the vial or strip is re¬ 
covered and cultured; growth of the organism documents 
inadequate sterilization. Biologic indicators should be used 
at least weekly to test the effectiveness of the sterilization 




do not indicate sterility—only that certain conditions 
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FIG 2-3 

Tape and indicator strips for ethylene oxide sterilization 
(before^ after). Tape: yellow->red. Strips: yellow->blue. 


a glass vial or 


to be sterilized 


a 


S- 


disassembled before immersion. Immersion times suggested 
by the manufacturer should be adhered to closely (e.g., 2% 

glut a raldehyde: 10 hours at 68° to 77° F [20° to 25° C] lor 

sterilization; 10 minutes at the same temperature 
fection). After the appropriate immersion period, instru¬ 
ments should be rinsed thoroughly with sterile water and 
dried with sterile towels to avoid damaging patients’ tissues* 




-I 


pro c es s. 

Sterilization indicators should not be relied on heavily 
because of the problems mentioned above. There is no 

for close supervision of personnel, a general under- 


KJ 


stitute 

standing of sterilization processes, and maintaining high 
standards for preparing, packing, and loading 


5TERILIZATION INDICATORS 


es. 


V* L 




sterilizer and initiating the 


Simply placing an item in a 
process does not ensure sterility. Failure to achieve sterility 

be the result of improper cleaning (if an item cannot be 


Suggested reading 






Association of Operating Room Nurses: Standards, recommended 
practices, and guidelines: recommended practices for selection 
and use of packaging systems, Denver, 2000, 1 he Association. 
Gerlett A: Sterilization of heat-sensitive items, Infection Control and 


may 

disassembled and all surfaces cleaned, it cannot be steril¬ 
ized), mechanical failure of the system used, improper use of 
equipment, improper wrapping, poor loading technique 
failure to understand the concepts of sterilization processes. 
Sterilization indicators allow monitoring of the effective- 
of sterilization. Indicators undergo either a chemical or 

combination of time 




















, or 


Sterilization Technology 5(3); 30,1999 
Jacobs P: Advances in low-temperature gas plasma 

technology, Infection Control and Sterilization Technology 5(4): 


► 




sterilization 










n ess 

biologic change in response to some 
and temperature. Chemical indicators, which are available 

gas, and plasma sterilization, generally are paper 
strips or tape impregnated with a material that changes color 
when a certain temperature is reached (Figs* 2-2, 2-3, and 
2-4). The chemical responds to conditions such as extreme 
heat, pressure, or humidity but does not reflect the duration 
of exposure, which is critical to the sterilization process 
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Surgical Facilities, 

Equipment, and Personnel 




linen and trash should be kept in a contaminated area, and 
patients should be dipped and vacuumed in a contami¬ 
nated area before transport to a dean area (e.g., the operat¬ 
ing room). 


A variety of physical layouts are suitable for modern operat- 

and su rgical areas, but the goals ot all design s 


are 


ing rooms 

patient safety and work efficiency. The surgical area should 
be dose to the anesthesia and surgical preparation area, crit- 

adiology, and central supply. However, it should be 
isolated from general traffic flow (i.e., examination rooms, 

offices, reception area, and wards), hi large 
universities and surgical referral centers, the anesthesia and 
gical preparation area should be a separate working 
isolated from general hospital traffic. 


NOTE * To avoid contaminating the surgical suite 

the patient and perform the initial surgiea 
preparation in a separate area. 


facilities, such as 


clip 


sur 


that is 


DESCRIPTION AND FUNCTION OF 
ROOMS IN THE SURGICAL AREA 

Dressing Room 


STRUCTURE AND DESIGN 
OF THE SURGICAL AREA 


The dressing room is used by surgical personnel for chang- 

rgical attire. It should have closed cabinets 

masks, and caps and a 


to S u rgica I 


Because of the constant danger of contamination 

divided to dearly delineate 

areas. Clean areas m- 


i n g in to p roper su 

for storing scrub suits, shoe covers, 
separate area for hanging street clothes. A hamper for dirty 
laundry should be available to minimize the carrying of con¬ 
taminated linen through the hospital. 


patients, the surgical area i 

“clean,” “mixed,” and “contaminated 


scrub sink areas, and sterile sup- 


dude the operating rooms, 
ply rooms. Mixed areas 
operating rooms 


include the hallways between the 
a n d n urses 1 s tat i o ns, inst r u men t a nd supp ly 


storage areas, and utility rooms. Containi- 

include anesthesia and surgical preparation 


processing areas. 


Anesthesia and Surgical Preparation Room 

The anesthesia induction and surgical preparation room 
should be adjacent to the surgical area yet out of major hos¬ 
pital traffic patterns. This room should be supplied with 
equipment and medications that may be necessary in an 

emergency (Le 
tubes, suction, oxygen, and the crash cart], It also should 

have anesthetic equipment (machines and drugs), laryngo¬ 
scopes, clippers (mounted on the wall or hanging from the 
ceiling), vacuums (large canister or central), skin prepara¬ 
tion materials (antiseptic soaps, alcohol, and sterile gauze 
sponges), sharps containers, needles and syringes, and 
monitoring equipment, all of which should he readily avail¬ 
able to ensure efficient anesthesia and preoperative patient 


nated areas 


dressing rooms, lounges, and offices. 

is one in which the sur 


ical 


A commonly used floor plan i 

arranged around a central work station for oper- 

Easy access to each operating room from 


suites are 


ating room nurses, 
the work station ensures efficient traffic flow, which reduces 


defibrillator, laryngoscopes, endotracheal 


cross contamination between areas. Clean areas should be 


restricted to clean traffic and contaminated areas to eon- 

clean area from a 


taminated traffic. Individuals entering a 

contaminated area 
Chapter 7); the ideal location for moving from a contami¬ 
nated area to a clean one (or vice versa) is through a locker 

Surgical personnel that leave a dean area and enter a 


must don proper surgical attire (see 


ro om. 

contaminated area must cover their clothing before they 
leave and discard these items when they return to the clean 
area. Doors between clean and contaminated areas should 


p rep a ra ti o n, 


be kept dosed at all times, hood and drink are permitted 
only in contaminated areas. The movement of clean and 
sterile supplies and equipment should be separated as much 
possible from the movement of contaminated supplies 
and equipment by space, time, and traffic patterns. Soiled 


NOTE * Drugs and equipment needed for an emer¬ 
gency can be stored in a mobile crash cart; this fa- 
ill fates movement from the anesthesia preparation 
room to the operating room 


a 


and to recovery. 


as 
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semble the items needed for a particular case from the sup¬ 
plies in this room. The items should be logically arranged on 
shelves (e.g., alphabetical order) and routinely checked for 
“outdates” (i.e„ time-related expiration; see p. 5) and pack¬ 
age integrity (i.e., event-related expiration; see p. 5). 

Equipment Room 

Large pieces of equipment such as anesthesia machines, 
lasers, monitoring equipment, operating microscopes, and 
portable surgery lights can be stored in an equipment 
The equipment should be kept free of dust and cleaned rou¬ 
tinely using the protocol described for operating room dis¬ 
infection (see p. 15). The equipment room is a valuable area 
because it eliminates storage of large, expensive pieces of 
equipment in hallways, where they could be damaged 

ate a hazard. 

Housekeeping Supply Room 

Supplies 

may be stored in the supply room or closet. The cleaning 

equipment and supplies stored here must be restricted to use 
in the operating room to prevent cross contamination from 
other hospital areas. 

Scrub Sink Area 

Scrub sink areas should be centrally located for the operat¬ 
ing room suites. Antiseptic soap in an appropriate dispenser 
(i.e., foot activated), scrub brushes (i.e., sterilized reusable 
brushes or a disposable polyurethane brush-sponge combi¬ 
nation), and fingernail cleaners should be kept in easy reach 
each scrubbing station, Deep stainless steel sinks equipped 
with knee-, elbow-, or foot-operated water activators 
ideal. With reusable brushes, the dispensing container and 
clean brushes must be detached and autoclaved regularly. 
The scrub sink area must be located away from wrapped 
sterile supplies because of possible contamination by water 
droplets and spray from the sinks. Scrub sinks should never 
be used to clean equipment or instruments or to dispose of 

body fluids. 


Preparation counters and surfaces should be impervious 
and easily cleaned and disinfected. Stainless steel prep 
lion tables with built-in sinks are ideal. Gas scavenger sys- 

should be present at each anesthesia preparation table. 


ara - 


tems 

General lighting is supplied by main overhead fluorescent 

lights, which are supplemented by 
each preparation table. A sink designated for cleaning anes¬ 
thetic hoses, endotracheal tubes, and rebreathing bags, plus 
a plastic rack for draining and drying rebreathing, bags and 

hoses, should be available. An erasable anesthesia-surgery 
scheduling board, easily visible to anesthesia and surgical 

personnel, should list the day's procedures. 

The temperature in the preparation room should be kept 
between 62* and 68* F (17° and 20 q C) and the humidity 
level at 50% or less to reduce microbial growth. Gurney 
surfaces should be padded, and circulating water and/or 
warm air blankets should be used to prevent hypothermia. 
Well -constructed gurneys should be available for patient 
transportation. They should be made of stainless steel, have 
relatively large wheels with bearings that can be easily lubri¬ 
cated, and have rubber bumpers mounted on the corners to 
prevent damage to doors and walls. An adhesive microfilm 
dust pad should be placed at the doorway between the anes¬ 
thesia preparation room and the surgical area to collect dust, 
hair, and other particulates on gurney rollers, shoes, and 


spotlight directed at 


room. 


or cre- 


used to decontaminate and clean surgical suites 


anesthetic equipment. 


Anesthesia Supply Room 


The anesthesia supply room should be adjacent to the anes- 
t h es la and s urgi cal prep a r at i on ro o m .Equip m en I n ee d ed t o 
keep anesthesia machines working properly, extra endotra¬ 
cheal tubes, anesthetic monitoring equipment, oxygen “L” 
tanks, hoses, catheters* and airway connectors are stored 
here. This room may also have a cabinet for storing non- 

anesthetic agents, and it may be a convenient loca- 


at 


are 


gaseous 

tiou for storing large oxygen tanks that supply oxygen to 
each anesthesia preparation table and to the operating room. 


Nurses' Work Station 


The nurses' work station should be centrally located in the 

, the dean area), An autoclave (for flash 

incubator/blanket warmer (for irrigation 


Gowning and Gloving Area 

Gowning and gloving can be done outside or inside the op- 

Controversy exists over which location results 


surgical area (i.e 

sterilization), an 
fluids and for towels to wrap patients after surgery), a refrig- 

(for medications and solutions), and formalin con- 


era ting room, 

in the least cross contamination, but no evidence supports 


e rat or 

tamers are kept in this area, A daily surgery log, operating 

protocols, and a telephone also are kept at the work 
station. Soiled instruments may be sent to a central supply 

or they may be decontaminated, washed, lubricated, 


one location over another. 


ro o m 


NOTE • if the operating room is small or if several 
people are scrubbing in, gowning and gloving in a 
separate area may help prevent contamination of 
personnel, sterile supplies; or the prepped surgical 


a rea, 

and wrapped or packaged tor resterilization here. If this area 
is used for decontaminating and wrapping instruments, it 


should be divided into two separate areas to prevent cross 
contamination of clean supplies. 


site. 


Operating Room 

Operating rooms are the individual rooms where surgeries 
are performed. The room should be large enough to allow 
personnel to move around sterile equipment without 


Sterile Instrument Room 

The sterile instrument room is a clean area that houses all 
sterilized and packaged instruments and supplies* It com¬ 
monly is near the nurses' work station. Surgery personnel as- 


co n - 
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Surgical Facilities, Equipment, and Personnel 


Chapter 3 


operating room. Plastic hag liners tor kick bucket containers 

facilitate clean-up. 

Suction (portable or piped in) should be available in each 
operating room. Suction units with disposable containers 
are reliable, easily cleaned, and cost-efficient. Suction hoses 
should not be reused unless they are sterilized because they 
are a common source of surgical wound contamination. 
Other accessory equipment such as physiologic monitors, 
the anesthesia supply cart, intravenous stands, and sitting 
stools should be available. Each operating room should he 
provided with a radiographic view box, preferably flush 
mounted to facilitate cleaning. Portable imaging devices are 
optimal for evaluating placement of orthopedic implants 
but may be cost-prohibitive. The operating room should 
have a wall clock for determining elapsed time, particularly 
when vascular occlusion is necessary. 

Supply cabinets with tight-lilting doors (to minimize 
dust accumulation) should be located in each operating 
room tor storing suture material, dressings, sponges, scalpel 
blades, and frequently used instruments. The doors to the 
operating room should be kepi closed to reduce the mixing 
of operating room air with corridor air. 

Postoperative Recovery Area 

The postoperative recovery area should be adjacent to the 
surgical area yet separate from other hospitalized patients. 
Patients should be placed in individual, heated cages and 
carefully monitored until recovery is complete. Patients that 
require intensive care should be taken directly to the critical 
care facility. The temperature in the recovery room should 
be warmer than in the operating room (i.e., 70° to 77° F [21° 
to 25° C]). Warming cabinets with a supply of warm fluids 
and blankets should be available. Analgesic medications 
should be available, as well as any equipment or medications 
that may be necessary in an emergency (i,e„ defibrillator, 
laryngoscopes, endotracheal tubes, suction, oxygen, and the 

crash cart). 

Minor Procedures Surgery Room 

A separate room adjacent to the anesthesia preparation area 
should be designated for minor, contaminated surgical pro¬ 
cedures (i.e., lacerations, biopsies, wound management, den¬ 
tal procedures, and endoscopy). The room should be 
equipped with an operating table, spotlight, gas and suction 
lines for anesthesia equipment, suture material, antiseptic 
preparation materials, and instrument packs lor minor sur¬ 
gery. Because of the nature of the surgical procedures per¬ 
formed in this room, it should be properly cleaned and 

disinfected after each surgical procedure and at the end of 

* _ * . . ■ 

each surgery day (see Chapter 4}, 


laminating it and to accommodate the large pieces of equip¬ 
ment needed for some procedures. The design of the room 
should be uncluttered and simple so that no areas trap dust 
or are difficult to clean. The floor, ceiling, walls, and other 
surfaces should be smooth, non porous, and constructed of 
fireproof materials. Smooth surfaces can be thoroughly 
cleaned and disinfected, and they prevent trapping of bio¬ 
logic material that could cross contaminate. Surface materi¬ 
als should be able to withstand frequent washing and 
cleaning with strong disinfectants. 

Yentilation systeins fo r surgical suites shouId be destgned 
to provide positive air pressures in the operating room and 
lower air pressures in adjoining corridors. The ideal ventila¬ 
tion system delivers a minimum of 15 to 20 air exchanges 
per hour. Positive pressures inside the operating room re¬ 
duce the likelihood of contaminated air from adjacent corri¬ 
dors mixing with operating room air. Scavenging systems 
that pull anesthetic gases out of operating room air should 
be installed in each operating room. The operating room en¬ 
vironment should be kept at a constant humidity and tem¬ 
perature. Humidity is controlled to minimize static 
electricity and microbial growth; the ideal level is 50% or 
lower. The air temperature is maintained at 62 L ' to 68° F (17° 
to 20° C). 

General lighting in the operating room is supplied by 
main overhead fluorescent tights, which are supplemented 
by o n e, o r p refe:r a b iv t wo, ha log e n spotlights. Hal oge n 1 a m p s 
are preferred because of the pale, bluish cast emitted, which 
results in less eye fatigue, and their low heal production. The 
fiberoptic headlamps worn by surgeons are now available in 
comfortable, lightweight models; headlamps virtually elimi¬ 
nate shadowing of the surgical site. Surgical spotlights are 
mounted in the ceiling directly over the operating table and 
should have maximum maneuverability. Track lighting 
should be avoided because dust and bacteria may become 
trapped in the tracks. 

Stainless steel operating tables should be fully adjustable 
for height (hydraulic mechanism) and degree of Lilt. Tabletops 
should be either a flat, one-piece surface or have V-trough 
capabilities. Portable V-troughs and insulating table pads 
should be available. The patient’s body temperature must be 
maintained during surgery, especially if the animal weighs 
less than 10 kg or the surgical procedure will last longer than 
2 hours. Body temperature usually is maintained by placing 
the patient on a circulating water blanket and/or by using a 
warm-air circulating device (e.g., Bair Hugger). Special table- 
tap attachments that allow the anesthesiologist to see the pa¬ 
tient's head should also be provided so that the patient can be 
monitored without contamination of the surgical field. 

An instrument table (i.e., Mayo stand) or back table 
should be available. The table selected should be large 
enough to accommodate ail instrumentation required for 
the surgical procedure. Instrument tables should be made of 
stainless steel and should be adjustable in height. A kick 
bucket is used by surgical team members to discard soiled 
sponges during surgery. The bucket frame should have 
wheels so that it can be moved easily (i.e., kicked) about the 


PERSONNEL 


The responsibilities and functions of every member of the 
surgical team should be clearly defined in writing. This is 
done to clarify the job description and to establish the ac¬ 
countability of each employee. These policies must be care¬ 
fully followed and strictly enforced to ensure safe and 
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Operating Room Supervisor 
and Surgical Technician 


efficient operation of the surgical area. All stall members 
should be evaluated periodically. Provision should he made 
for training programs, educational self-improvement, 
information dissemination, and current books, periodicals, 

procedures and techniques 


in large facilities the operating room (OR) supervisor over- 
sees technicians working in the surgical area. It is this 
vidual s responsibility to organize work schedules, train new 
staff, set policies for the surgical area, implement and enforce 

and develop educational programs and seminars. 


and audiovisual tapes of new 


should be available. 


policies, 

The OR supervisor also participates in the day-to-day tech¬ 
nical aspects of running a surgical area (i.e., circulates, opens 
gical packs, and retrieves special instruments). 

In a small facility (i.e., one that has only one operating 
room), the OR supervisor assumes all the tasks of the surgi- 
cal technician mentioned above. The supervisor may 
have other technical tasks to perform as a veterinary techni- 

administering anesthesia, providing restraint, 

ions of a well 


The surgeons role is to guide the flow and scope of what 
happens in the operating room during surgery. Surgical as¬ 
sistance often is provided by a veterinary technician, Surgi- 

out functions that assist the surgeon in 


cal assistants carry 
performing a safe operation, including developing a work¬ 
ing knowledge of the procedure being performed, provid- 

an d ma n i p u! at i n g 


retraction and hemostasis, 


instrumentation and tissues into proper position to com- 

gical task. A knowledgeable surgical assistant is 


such as 


a an 

and serving as 
educated technician include graduation from an approved 
veterinary technician program and i to 2 years ot basic train- 
ing in a veterinary practice 01 


plete the sur 


invaluable. 


.4 < 


An anesthesiologist is responsible for meticulous 

ljustment of the patient's physiologic status 

trained to render i ru¬ 


men j- 


toring and at 

during surgery Anesthesiologists are 

mediate care in the event of a physiol 

and anesthesiologist must work together to 

, as in cardio thoracic sur- 


veterimry teaching hospital 


ogic crisis. Occasionally 


Suggested reading 

Fuller JR: Surgical technology: 

ph ia, 19 94, WR Sa u n d e rs. 

Moss R: Operating room ventilation, AORN } 36:455, 1996. 


carefully time surgical maneuvers 

Ly trained anesthesiologist allows the surgeon 

concentrate on the surgical procedure. 


principles and practice, ed 3, Philadel 


gery. A proper 


to 
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CHAPTER 


Care and Maintenance of 


the Surgical Environment 


movable equipment and gurneys are cleaned and disinfec¬ 
ted. The operating room should be restocked with com¬ 
monly used instruments, suture material, gauze sponges, 
needles, a n d syr inges, and the fioor she uid be wet vacuumed 
o r d a m p m o p ped. We t va cun m i n g is p re fc r re d b eca use mops 

major source of infection. If mops are used, mop heads 
should be laundered and dried daily. They should be rinsed 
between uses and soaked in disinfectant. 


Surgery puts a patient at risk for nosocomial (hospital ac¬ 
quired) infections unless strict environmental, equipment 
care, and maintenance standards are established and fol¬ 


lowed. Because most surgical infections develop from bacte¬ 
ria that enter the incision site during surgery, proper 

ironment is crucial to reduc- 


preparation of the 
ing the likelihood of infection. 

The operating room is considered a clean area (see Chap¬ 
ter 3), and appropriate attire must be worn by all personnel 
entering or leaving it (see Chapter 7). To keep the surgical 
environment as free of microorganisms as 
cleaning and disinfection should be performed. The term 
cleaning refers to removal of soil (i.e., blood, serum, urine, or 
pus); the term disinfection refers to treatment of surfaces, 
materials, and equipment with disinfectants to reduce the 
number of bacteria. Cleaning and disinfection usually 
performed simultaneously, except when a large amount at 
organic material or other body fluids are present. 


TABLE 4-1 


ible, routine 


Daily Care and Maintenance of the Operating Room 


At the Beginning of Each Day 

* Wipe flat surfaces of furnishings and lights with a doth 
dampened with a disinfectant solution. 


After Each Surgical Procedure 


• Collect used instruments and place them in a 
ter and detergent or enzymatic solution, 

• Collect waste materials and soiled linens and place 
them in the proper containers. 

• Wipe instrument and surgical tables, stands, kick buck¬ 
ets, and heating pads with a disinfectant. 

• If necessary, clean the Boor (move the surg 
and clean I 


DAILY CLEANING ROUTINES 

Operating Room 


At the beginning of each surgery day, a 1 horizontal surfaces, 
lights, operating room equipment, and furniture should be 
damp dusted with a lint-free doth and hospital-grade d is in¬ 
fect ant (Table 4-1). After each surgical procedure, areas con¬ 
taminated by organic debris (e.g., floors, doors, counters, 
equipment, operating table) should be cleaned and disinfec¬ 
ted* If biohazards (i.e., infectious diseases or chemothera¬ 
peutic agents) were encountered during surgery, special 
precautions should be taken during cleaning and disinfec- 

specific disinfectant, cleaning time, and disinfee- 


ical table 

under it if body Fluids have collected there). 


After the Last Surgical Procedure of the Day 


• Clean and disinfect kick buckets. 

• Check ceilings, walls, cabinet doors, counter surfaces, 
and all furniture and dean os necessary, 

• Clean and care 


monitoring de- 
vices, anesthesia equipment, surgical lights] according 
to the manufacturer's instructions. 

* Wipe counter surfaces and cabinet doors with a disin¬ 
fectant solution. 

* Wipe instrument and surgical tables, stands, heating 
pads, and light fixtures with a disinfectant solution. Dis¬ 
assemble the surgical table if necessary to clean it thor¬ 
oughly. 

* Check supplies and restock as necessary. 

* Roil wheeled equipment (eg., surgical table, monitor¬ 
ing devices) through a small amount of disinfectant solu¬ 
tion placed on the floor. 

* Wet vacuum or damp mop the floor. 


for individual items (i.e 


taut 


At the close of each day, operating tables, counters, lights, 
equipment, floors, windows, cabinets, and doors should be 
cleaned and disinfected in preparation for the next day’s ac¬ 
tivities. Linen and waste bags should be collected; the linen 
should be laundered and the waste disposed of properly. 
Kick buckets should be disinfected and lined with new plas¬ 
tic bags. Surgical lights and monitoring and anesthesia 
equipment are cleaned and disinfected according to 
manufacturers’ specifications. The wheels and coasters ot all 


15 













General Surgical Principles 


16 


PART I 


TABLE 4-3 


TABLE 4-2 


Daily Care and Maintenance of the Patient 
Preparation Area 


Daily Care and Maintenance of the Scrub Room and Sinks 


Between Scrubbing Sessions 

* Dispose of wrappings from pocks. 

* Dispose of debris in sinks. 


Between Patient Preparations 

* Discard waste material (e.gfeces}. 

* Properly dispose of urine and clean the si nk. 

* Remove hair from clipper blades and lubricate accord¬ 
ing to manufacturer's instructions* 

lls, counters, and cabinet doors and clean 
with a disinfectant if necessary. 

* Vacuum and dean the floor as necessary to remove 
hair clippings. 

At the End of the Day 

* Remove waste and dean waste receptacles with a dis¬ 
infectant. Line waste receptacles with a plastic bag. 

* Wipe light fixtures and supply lines with a disinfectant. 

* Clean clippers according to manufacturer's instructions. 

* Vacuum the floor to remove hair clippings. Change the 

vacuum. Wipe the outside of the vacuum, 

the hose, and the nozzle with a disinfectant. 

* Check the walls and ceiling and dean os necessary. 

* Check supplies and restock. 

* Wipe counter surfaces, cabinet doors, walls adjacent to 
sink, and switch plates with a disinfectant. 

* Scrub and disinfect sinks* 

* Wet vacuum or damp mop the floor* 


After the Last Surgical Procedure of the Day 


* Remove waste and dean waste receptacles with □ dis¬ 


infectant. Line waste receptacles with a plastic bag 


wa 


* Check supplies and restock. 

* Clean and refill soap dispensers. 

* Wipe counter surfaces, cabinet doors, walls adjacent to 
sink, and switch plates. 


* Scrub and disinfect sinks. 


* Wet vacuum or damp mop the floor. 


Scrub Sinks 

Scrub sink areas need special attention during the day be¬ 
cause water (a vehicle for bacterial contamination) fre¬ 
quently is splashed on floors and walls, and blood and other 
organic debris can be tracked from the scrub sink area to the 
rgical suite (Table 4-2). This area should be cleaned as 

needed throughout the day (i.e., floors mopped 
brushes and fingernail cleaners removed, soap dispensers 
cleaned, and sinks and walls washed), and it should be dis¬ 
infected at the end of the day. 

■ 


in 


su 


* used scrub 


Recovery Room 

Cages, sinks, trash buckets, and gurneys should be cleaned of 
organic debris and disinfected as needed throughout the day. 
Plumbing fixtures, floors, cabinets, anesthesia equipment, 

utility rooms 

i 

cleaned and disinfected daily as described in the previous 
section. 


Anesthesia and Surgical 
Preparation Room 


vacuum canisters, trash buckets, gurneys, and anes¬ 
thesia preparation tables should be kept clean of organic de¬ 
bris and disinfected as needed throughout the day ( fable 
4-3). Hair removed during patient preparation should be 
vacuumed from surgical tables and floors. Blood, urine, fe- 

and purulent material should be con- 




furniture, and other equipment should be 






After a surgical patient has vacated a cage in the recovery 
room, the cage must be carefully disinfected before tt is 
by the next patient* Before the cage is disinfected, padding, 
paper, and organic matter should be removed. Disinfectant 

should be spr; 


ces, tissue, serum 
tamed and discarded* Needles and other sharp instruments 
should be disposed of in appropriate containers* Discarded 
biohazard materials should be disposed of in color-coded 

should be clearly marked as a biohazard* 

Plumbing fixtures, floors, cabinets, anesthesia equipment, 
utility rooms, furniture, and other equipment should be 
cleaned and disinfected daily. At the end of the day, the sink 
in the preparation area should be disinfected and a cup of 
disinfectant solution poured down the drain* The inner sur¬ 
face of garbage containers should be disinfected, l'he bags 
and filters of portable vacuums should be removed and 

needed; the outside surfaces of the vacuum (in- 




on all surfaces of the cage, including the 
door. Dry organic matter should be scrubbed with a brush 
until it is released. Last, the area in front of the cage should 
be cleaned and disinfected. Linen (Le*, pads, blankets, and 
heating blanket covers) should be laundered before reuse. 
Plastic circulating water beating blankets should be cleaned 
and disinfected. This protocol helps maintain a consistently 
low level of microbes in the surgical recovery area, which re¬ 
duces the incidence of nosocomial surgical site infection* 
However, some infectious diseases (e.g., parvovirus) require 


aes or 


re¬ 


placed as 

eluding the hose and nozzle) should be wiped clean and 
disinfected. Clippers should be cleaned according to manu¬ 
facturer’s instructions. Floors should be wet vacuumed or 


s pec i al p rec a u t i o n s. 


WEEKLY AND MONTHLY 
CLEANING ROUTINES 


is used, the 


mopped and supplies restocked. If a mop 
mop bucket should be emptied and cleaned, and ail cleaning 


Surgical suites should be emptied of movable equipment 
and thoroughly cleaned once a week. The 


shelves of supp 


equipment and supplies should be returned to a designated 


cabinets, the walls, windows, windowsills, ceilings, light fix- 


storage closet. 












Chapter 4 


mopped, and the 


»■ 


pi 


iii 


£ 


t 


3 


i 


3 




utility 


rooms, equipment storage areas, 


c r 




also should be cleaned and disinfected. At 


used equipment 


Suggested reading 


room floors should be wel 


Once a month the walls, floors, and 


room, AORN / 62:595, 1995. 
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CHAPTER 


Preoperative Assessment 


of the Surgical Patient 


The selection and preparation of surgical patients require at¬ 
tention to a number of details* T he patient should always re¬ 
ceive a complete physical examination, followed 
appropriate laboratory workup. A thorough history helps 
determine the extent of the physical and laboratory exami¬ 
nations. Obtaining preoperative information 

of the animal's status before and after surgery 
ability to micturate before and after spinal surgery). 
General assessment and stabilization of the surgical patient 
discussed here; preoperative considerations for specific 
diseases are provided throughout the text. 


TABLE 5-1 


by the 


Rating of Physical Status in Surgical Patients 


PHYSICAL ANIMAL'S 
STATUS CONDITION 


EXAMPLES 


also allows 


co m p a r i s o n 

(e-g- 


Patient presented for 
elective procedure 
(e.g., ovariohyster¬ 
ectomy dedaw, 
castration) 

Patellar luxation, skin 
tumor, deft palate 
without aspiration 
pneumonia 
Pneumonia, fever, 
dehydration, heart 
murmur, anemia 
Heart failure, renal 


Healthy with no 
discernable dis¬ 
ease 


Healthy with lo¬ 


calized disease 


HISTORY TAKING 


or mild systemic 
disease 


A thorough history from the owner or caregiver 
uation of the underlying disease process and identification 
of other abnormalities that might affect the outcome of sur¬ 
gery, Although in emergencies an abbreviated history often 

thorough history eventually should be ob- 


S eve re systemic 


disease 


Severe systemic 
disease that is 
life threatening 


IV 


is necessary a 

rained* The history should include the presenting complaint, 

signal ment, diet 
lems, and present treatment. Il is particularly important to 
detect acute or chronic antiinflammatory, antimicrobial, po¬ 
tentially nephrotoxic, or anticonvulsant therapy, as well as 
evidence of infection elsewhere in the patient 1 s body 

Questions should be framed so as to avoid vague re- 

and to obtain specific information. For example, 
“When was your dog last vaccinated?” is a better question 
than “Is your dog current on his vaccinations?” Vomiting, di¬ 
arrhea, altered appetite, exposure to toxins or foreign bodies, 

intolerance, and other abnormalities 


failure, severe 

hypovolemia, severe 
hemorrhage 
Endotoxic shock 
multiorgan 
severe trauma 


exercise, environment, past medical prob 


Moribund; patient 

not expected to 


V 


ure 


live longer tha 


24 hours with 


or without 


surgery 


coughing, exercise 
should be noted. Animals with a history of seizures must be 

identified so that drugs that precipitate seizures (e.g„ ace- 

promazine) can be avoided. The severity, duration, and pro- 

presenting complaint 


animals should have a neurologic examination (see Chapter 
38) and an orthopedic examination (see Chapter 33), in ad¬ 
dition to individual evaluations of the respiratory gastroin- 

and urinary systems. Emergencies 
examination until the animal's 


tes tina 1, ca rdi ovascula r, 
may allow only a cursory 
condition has been stabilized. Evaluation of the preanes- 


of the 


gressjon 
should be ascertained. 


PHYSICAL EXAMINATION 


thetic physical status (Table 5-1) is one ot the best determi¬ 
nants of the likelihood of cardiopulmonary emergencies 
during or after surgery; the more deteriorated the physical 
status, the higher the risk of anesthetic and surgical compli¬ 
cations. 


i he animal should be systematically evaluated during the 
physical examination, and all body systems should be in¬ 
cluded. The animal's general condi tion (body condition, at¬ 
titude, and mental status) should be noted. Traumatized 
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Chapte r 5 Preope ra t i ve Assessmen t of th e S urgica I Pa t k 11 1 


LABORATORY DATA 


is older than 5 to 7 years, has a physical status of 1 or II (see 
Table 5-1), or has systemic signs (e.g., dyspnea, heart mur¬ 
mur, anemia, ruptured bladder, gastric dilatation-volvulus, 
shock, hemorrhage), and if the anticipated surgery time is 
longer than 1 to 2 hours, a complete blood count (CRC), 
serum biochemistry profile, and urinalysis should be done. 
The need for additional laboratory data is dictated by the 
animal's presenting signs and underlying disease (Table 5-2). 


The animals physical status and the procedure to be per¬ 
formed dictate the extensiveness of the laboratory workup. 
Determination of the hematocrit, total protein (TP), blood 
urea nitrogen (BUN), and urine specific gravity may suffice 
for young, healthy animals undergoing elective procedures 

ovariohysterectomy, declawing) and in healthy animals 
with localized disease (e.g,, patellar luxation). If the animal 


TABLE 5-2 


Brief Considerations for Selected Clinical Pathologic Findings 


LABORATORY 

ABNORMALITY 


MAJOR DIFFERENTIAL DIAGNOSES 


COMMENTS 


Prerenal azotemia, primary renal disease, postrenal 
azotemia 

Hepatic insufficiency (e.g., portosystemic shunt, cirrhosis), 
severe polyuria or polydipsia, low-protein diet 

Hepatic disease 


specific gravity before 


High blood 
nitrogen (BUM) 
Low BUN 


urea 


initiating fluid therapy 


ALT may be normal in some animals with 
severe hepatic disease. 

Substantial inconsistencies between 
laboratories 

Source of elevation (e.g., liver, bone) can 
be determined by isoenzyme analysis; 
commonly elevated in young growing 
animals or caused by steroids or 
anticonvulsants; Falsely elevated with 
severe lipemia or severe bi irubinemia 

[>8 g/4 

Exposure to fluorescent light may degrade 
Dilirubi 


High alanine amino¬ 
transferase (ALT) 

Low albumin 
High serum alkaline 

phosphatase 


Hepatic disease, loss from urine or gastrointestinal tract, 
severe exudative cutaneous lesion [e.g., burn) 

Hepatic disease, steroid therapy extrahepatie biliary 
obstruction, some neoplasms 


Hepatocellular disease, extrahepatie biliary obstruction, 

intrahepatic cholestasis, hemolytic anemia 
Paraneoplastic syndrome (lymphosarcoma, anal sac 
adenocarcinoma), primary hyperparathyroidism, 
calciferol-containing rodenticides, hypervitanmnasis D, 
hypoadrenocorticism, granulomatous disease, renal 

disease 

Renal disease {especially acute), pregnancy (eclampsia), 
hypovitaminosis D, hypoparathyroidism 
Renal disease, uroabdomen, muscle trauma (minor 
elevations) 

Diabetes mellitus 

Hepatic disease, insulinoma, hypoadrenocorticism, 
extrahepatie neoplasms, septicemia or toxemia, 
starvation of neonates 

Vomiting, diarrhea, renal failure, diabetes insipidus, 
inappropriate fluid therapy 
Vomiting, diarrhea, hypoadrenocorticism, diuretic 
therapy inappropriate fluid therapy 

oadrenocorticism, renal failure, uroabdomen, drug 
erapy 

■i 

Vomiting, diarrhea, diuretic therapy, chronic renal 
failure (especially in cats), inappropriate fluid therapy 
Parasitism (heartworm, gastrointestinal), eosinophilic 
diseases, mast cell tumor, hypersensitivities 
Parasitism (heartworm), mast cell tumors 
Lymphosarcoma, ±feline leukemia virus 
Severe stress, lymphagiectasia, chylothorax, acute viral 
diseases 

Dehydration, polycythemia, hypoxia (right to left shunts) 


High bilirubin 
High calcium 


n. 


Artificially low in animals with low 
albumin 

Emaciated animals have a falsely reduced 
serum creatinine. 

ncrease glucose to 200-400 


Low calcium 


High creatinine 
High glucose 
Low glucose 


Stress may I 


mg/d I in cats 


Delayed separation of red blood cells 
(RBCs) falsely lowers glucose. 


Primarily caused by loss of free water 


High sodium 
Low sodium 


Primarily caused by failure to excrete free 
water, occasionally caused by loss of 
sodium 


Thrombocytosis may falsely elevate 
potassium; hemolysis increases 
potassium in selected breeds. 


iE 


High potassium 


Low potassium 
High eosinophils 


High lymphocytes 


■+ 


Low lymphocytes 


High RBCs 
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Gei tera 1S u rg ica / Pri nciples 


PATIENT STABILIZATION 


Identification of associated or underlying disease influences 
preoperative management, the surgical procedure per¬ 
formed, the prognosis, and postoperative care. Animals with 
neoplasia should he evaluated for metastasis (e.g 
racic radiographs or lymph node aspiration). Those with 
cardiac disease should have thoracic radiographs, cardiac ul¬ 
trasound scans, and/or electrocardiograms (see Chapter 29). 

the patient s heart worm status should be 
checked before surgery. Traumatized animals should have 
thoracic radiographs so that the diaphragm, pleural space, 
and lungs can be evaluated for conditions such as pul¬ 
monary contusion, pneumothorax, or diaphragmatic her¬ 
nia. Although economic considerations are important, a 
thorough preoperative evaluation is cost-effective because it 
often prevents or predicts costly complications. 


Patients should he stabilized as thoroughly as possible before 
surgery. Occasionally stabilization is impossible, and surgi¬ 
cal intervention must be done rapidly; however, replacing 
fluid deficits and correcting acid-base and electrolyte abnor¬ 
malities before induction of anesthesia usually are justified. 
Intravenous fluids are indicated for all animals undergoing 
general anesthesia and surgery including healthy animals 
having elective procedures. The need for perioperative an¬ 
tibiotics is dictated by the animals disease and the procedure 
being performed. Recommendations for antibiotic prophy¬ 
laxis and therapy are given with discussions of specific 
eases throughout this text. Perioperative antibiotic use is 
discussed in Chapter 10. 

The patient history clinical signs, physical examination 
findings, and total carbon dioxide (CO .) are helpful in iden¬ 
tifying significant acid-base abnormalities. The blood pH, 
arterial oxygen partial pressure (Pacu), arterial carbon diox¬ 
ide partial pressure (Paco,), and bicarbonate concentration 
may be measured to determine the extent of such abnormal¬ 
ities. Sodium bicarbonate therapy should be considered for 
patients that are markedly acidemic (pH under 7.2), The 
amount of bicarbonate to give can be calculated using the 
formula in Table 5-3. 

The patients nutritional state often is critical in chroni¬ 
cally diseased animals. Preoperative parenteral or enteral 


., with tho- 


In endemic areas 


DETERMINATION OF SURGICAL RISK 


Once a complete history physical examination, and labora¬ 
tory data have been completed, the surgical risk can be esti¬ 
mated and a prognosis given. An excellent prognosis should 
be given if the potential for complications is minimal and 
there is a high probability that the patient will return to nor¬ 
mal after surgery. If there is a high probability of a good out¬ 
come but some potential for complications, a good 
prognosis is warranted. If serious complications are possible 
but u n co m mo n, i f re co very m ay be pro 1 o n ged, or if t h e a n i - 
nial may not return to its presurgical function, a 
no sis is warranted. If the underlying disease or the surgical 
procedure is associated with many or severe com 
(or both), if recovery is expected to be prolonged, it the likc- 

or after the procedure is high 
the animal is unlikely to return to its presurgical function, a 
poor prognosis should be given. 

Occasionally the risk of the surgical procedure may out¬ 
weigh its potential benefits. For example, removal of an ap¬ 
parently benign skin mass may not be warranted in an 
animal with hepatic or renal dysfunction. Likewise, patients 
with thoracic metastases may not benefit from removal of 
the primary tumor (e.g., limb amputation for osteosar¬ 
coma), Quality of life must be considered for veterinary pa¬ 
tients; those with severe, debilitating, unbeatable disease 
may not benefit from surgery. However, for some patients 
surgery may improve the quality of life even if length of life 
is limited. 




fair prog- 


TABLE 5-3 


> or if 


lihood of death during 


Calculation of Volumes Needed for Blood Transfusion or 
B i carb o n ate Th e rapy 




Blood Transfusion 


Recipient’s weight (kg) X 

Desired PCV — Recipient’s PCV 

Donor’s PCV 

Note; A rough estimate is 2.2 ml of blood/kg body 
weight increases the recipient's PCV by 1 %. 

Bicarbonate Therapy 


Blood needed (ml) 


X 70 (cat) or 90 (dog) 


Bicarbonate needed (mEq) 


0.3 X 

Base deficitf (mEq) X Body weight (kg) 




Give one half intravenously (IV) over 1 0 to 15 minutes 
and reevaluate; give remainder over 4 to 6 hours if 
necessary or give 1-2 mEq/kg IV; repeat only if indi 

acid-base balance and 


CLIENT COMMUNICATION 


Communication with the client is extremely important to 
ensure the owners satisfaction after surgery Owners should 
be informed before surgery of the diagnosis, surgical or non- 
surgical options, potential complications, postoperative 
ca re, a nd cos t. Alt h o u g h co s t ca nnot a 1 w ays be p re d i cted be¬ 
cause of unanticipated complications, owners should be 
kepi apprised of the animal s status and of procedures that 

affect the initial cost estimate. If the disease is heredi- 


? 


catecl based on assessment o 


potassium concentration. 

Note: Because carbon dioxide is an end product of bicar 
banate administration, ensure adequate ventilation. 




Total blood volume is estimated at 90 ml/kg for dogs and 70 


ml/kg for cats. 

tSame calculate the base deficit as the difference between the de¬ 
sired bicarbonate and the actual bicarbonate [rather than the norma 
bicarbonate and the actual bicarbonate).. Animals that are acidotic 
enough to require bicarbonate therapy need continual monitoring. 
PCV Packed cell volume. 


m a y 

tary, neutering should be recommended. A waiver authoriz¬ 
ing surgery should be signed by the client and placed in the 
medical record. 


i 
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Chapier 5 


tem should include palpation of the bladder to rule out ob¬ 
struction and determination of the animal's ability to uri¬ 
nate. During the initial examination, the animal's level of 
consciousness and ability to ambulate should be noted (see 

Chapter 38). 

Fluid therapy should be initiated if hemorrhage or shock 
is suspected. The normal blood volume of dogs is approxi¬ 
mately 90 ml/kg and that of cats is about 70 ml/kg. Treat¬ 
ment of acute hypovolemia 
circulating blood volume that allows adequate tissue perfu¬ 
sion. Generally, hypovolemic patients can be given polyionic 
isotonic fluid intravenously in the first hour (60 to 90 mi/kg 
in dogs, 45 to 60 ml/kg in cats) without adverse effects; how¬ 
ever, patients with pulmonary, cardiovascular, or renal dis¬ 
ease may he less tolerant of rapid fluid administration. If 
hemodilution is not a concern, balanced electrolyte solu¬ 
tions (i.e., lactated Ringer's solution, Normosol-R) may be 
given. Hypertonic saline solutions are beneficial for reducing 
total fluid requirements, limiting edema, and increasing car¬ 
diac output (Table 5-5 ). Adding a colloid (he., hetastarch; see 
Table 5-5) to this form of resuscitation prolongs the effect ot 
the volume expansion. Colloids should also be considered 
for animals that are hypoproteinemic (i.e 
than 4.5 g/dl), F resh - fro ze n p I as m a (se e Ta b I e 5 - 5) is b e n eft - 
cial for patients in need of coagulation laetors because ot 
consumption or dilution (e.g„ when large doses of synthetic 
colloids have been given). Transfusions (i.e., whole blood or 
packed red cells) may be necessary in anemic patients. Ani¬ 
mals with a preoperative packed cell volume (PCV) less than 
or equal to 20% usually benefit from blood transfusions. The 
major preoperative concern in anemic patients is maintain¬ 
ing oxygen-carrying capacity, and this requires blood trans¬ 
fusion. The amount of donor blood needed can be estimated 
by the formula presented in Table 5-3. In selected cases, 
when red blood cells are not available or are contraindicated. 


hyperalimentation (see Chapter 11) is sometimes recom- 
m ended t o i m p ro v e n utrtti o n al s tat us be fore s l i rge r y. Fo r ex¬ 
ample, in patients with cleft palate, cleaning particulate 
matter from the nasal cavity administering the appropriate 
antibiotics, and providing enteral hyperalimentation for sev- 
eral weeks before surgery may reduce infection and improve 
wound healing. 

Traumatized patients must be evaluated swiftly to detect 
life-threatening abnormalities. The cardiovascular and res¬ 
piratory systems should be assessed by evaluating the pulse 
quality and rate, respiratory rate and effort, mucous mem¬ 
brane color, and capillary refill time. The heart should be 
auscultated for evidence of murmurs or an arrhythmia, and 
the lungs should be evaluated for crackles or wheezes. Di¬ 
minished heart or lung sounds suggesting the presence of 
pleural fluid or air or a diaphragmatic hernia should be 
noted. Oxygen therapy should be given to animals that ap¬ 
pear to he in respiratory distress. During the initial exami¬ 
nation, oxygen may be administered via mask, tent 
flow-by, or the animal may be placed in an oxygen cage. 
When feasible, nasal oxygen may be supplemented (Figs. 5-1 
and 5-2; Table 5-4). Initial assessment of the urogenital sys- 


in tended to establish 


or 


total solids less 




| TABLE 5-4 


To facilitate placement of the oxygen catheter in the nostril, 
push the dorsal aspect of the nose up slightly. 


Nasal Oxygen Insufflation 


1. Select o small, red rubber feeding tube (3,5-5 Fr for 
cats; 5-8 Fr for dogs) to serve as a catheter and lubrr 
cate the tip with Irdocaine gel. 

2. Place one or two drops of local 
docaine or proparacainej in the nostril. 

3. Premeasure the catheter to the medial conthus of the 


anesthetic (e.g., 2% li- 


eye or the caudal ramus of the mandible. 

Elevate the dorsal aspect of the nose and feed the lu¬ 
bricated catheter into the nostril the predetermined dis¬ 
tance. 


Vet Bond) the catheter to the exter¬ 
nal naris and muzzle and over the frontal sinus or 
along the jaw. With cats, do not allow the tube to 
touch the whiskers, 

6. Place an Elizabethan collar an the animal, 

7. Attach the catheter to a humidified oxygen source. 

8. Set the oxygen flow at 0.1 L/kg/minute (higher flow 
rotes may be used). 


glue (e.g. 


re or 


Suture or glue the oxygen catheter to the external naris. 
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TABLE 5-5 


Fluid Therapy in Traumatized Animals* 


FLUID REPLACEMENT 


REGIMEN 


Isotonic crystalloid solutions 


Dogs: Up to 90 ml/kg (to effect) 

Cots: Up to 60 ml/kg (to effect) 

l/kg (can repeat) or constant-rale infusion (1-2 ml/kg/hr) up to 20 ml/kg/day 
4-5 ml/kg, then isotonic crystalloids [10-20 ml/kg/hr) to effect [up to 10 ml/kq/day] 

Up to 10 ml/kg bid 

1 5 ml/kg (half label dose) at a rote of 5 m !/kg/hr (half label rate) 


H etas torch 
7% Hypertonic 
Fresh-frozen plasma 
Oxyglobin 


5-10 m 


bid, Twice daily. 


CVP, Central venous pressure, 

* Monitor CVP to avoid fluid overload. 


fTo prolong the effect of hypertonic saline, hetastarch or other colloid may be administered 
for either fluid. 


simultaneously. Do not exceed the maximum rate 


administration of a 
Oxyglobin) may be considered. 

Needle thoracentesis should be performed i 

dyspnetc animals suspected of having a pleural 

(i.e., pneumothorax or pleural effusion). Tube thoracostomy 

(see p. 790) and/or oxygen supplementation by means of an 
oxygen cage, 

necessary. Thoracic radiographs should be taken after the 
condition of severely dyspneie patients has been stabilized. 

Abdominal abnormalities (i.e., hemorrhage, uroabdomen, 

bile peritonitis, and mesenteric avulsion) 
traumatized animals. The animal s ability to void and the 
urines characteristics should be noted. Uroabdomen should 


synthetic hemoglobin solution (e.g 


be identified (i.e., abdominal pain, peritoneal effusion 
post renal azotemia, or all three) and treated appropriately 
(see p. 587), Early recognition of peritonitis is important for 
reducing patient morbidity and improving survival. Diag¬ 
nostic peritoneal lavage may be useful in patients 
of having peritonitis (see p. 272). 

Suggested reading 

Syring R5, Drobatz KJ: Preoperative evaluation kind management of 

the emergency surgical small animal patient. In Holt DE, editor: 

Emergency surgical procedures. Vet Clin North Am Small Anim 
Pract 30:473.2000. 


, or 


in severely 
cavity disease 


suspected 


p. 21), or mask may be 


-i Ah 




are common in 
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CHAPTER 

Preparation of the 

Operative Site 


sterile field (Fig. 6-i). The prepared area should be large 
enough to accommodate extension of the incision, addi¬ 
tional incisions 


Endogenous microbial flora (particularly Staphylococcus au¬ 
reus and Streptococcus spp.) are the most common source of 
surgical wound contaminants. Normal or resident organ¬ 
isms live in the skin’s superficial corn!lied layers and outer 
hair follicles. Resident canine flora include Staphylococcus 
epiderm id is , Co ry n dm c te ri u m sp p. , a n d Pi tyrosp ortt m spp.; 5. 
aureus. Staphylococcus intermedins* Escherichia coli , Strepto¬ 
coccus spp., Ente.rohacter spp., and Clostridium spp. are tran¬ 
sient pathogens. Eliminating exposure 
extremely important during surgery. Although it is impossi¬ 
ble to sterilize skin without impairing its natural protective 
function and interfering with wound healing, preoperative 
preparation reduces infection. 


(if needed), and ail possible drain sites. It 
also must be large enough that inadvertent wound contami¬ 
nation is avoided if the drapes move during the procedure. A 
general guideline is to clip at least 20 cm on each side of the 
incision. The hair can be removed most effectively with an 
electric clipper and a No. 40 clipper blade. Patients with 
dense hair coats may be clipped first with a coarser blade 
(No. 10). The higher the blade number, the shorter the re¬ 
maining hair. Clippers should be held in a “pencil grip” and 
initial clipping should be done with the hair growth pattern. 
Subsequent clipping should be against the pattern of hair 
growth to obtain a closer clip. Depilatory creams are less 
traumatic than other hair removal methods, but they induce 
mild dermal lymphocytic reaction. They are most useful in 
irregular areas where adequate hair removal is difficult. Ra¬ 
zors occasionally are used for hair removal (e.g., around the 
eye} but can ca us e m i cro lace rat ions i n skin t h a t may increase 

irritation and promote infection. 

After hair removal is complete, loose hair is removed with 
a vacuum. For limb procedures, if exposure of the paw is 
unnecessary, the paw can be excluded from the surgical area 


[ o t h i s 


is 


DIETARY RESTRICTIONS 


In adult animals, food intake generally is restricted 6 to 12 
h on is be to re i n d u ct i o n of anes t h e s i a to a vo i d i nt r a o p er at i ve 
or postoperative emesis and aspiration pneumonia. Access 
t q water generaily is 11 ot curtailed. Operations of the 1 a rge 
intestine (see Chapter 21) often require specialized prepara¬ 
tions (i.e., dietary restriction for 48 hours) or enteric antibi¬ 
otics (i.e., oral kanamycin, neomycin, or penicillin G) or 
both. Food should not be withheld for long periods in young 
animals because hypoglycemia could occur. 


a 


EXCRETIONS 


v 


*2 a*: 


The animal should be allowed to defecate and urinate 
shortly before induction of anesthesia. Colonic surgery may 
require enemas. An empty urinary bladder often facilitates 
abdominal procedures. If urine is not evacuated naturally, 

the bladder may be manually expressed with the animal un¬ 
der general anesthesia, or a sterile urethral catheter may be 
passed into the bladder. 




& 




L* - 


► 


TREATMENT OF HAIR 


B efo re a pat lent is pr ep a red fo r su r ger y, t h e p atien t’s i d e n t i t y, 
the surgical procedure to be performed, and the surgical site 
should be verified. It is useful to bathe the animal the day be¬ 
fore surgery to remove loose hair, debris, and external para¬ 
sites. Hair should be liberally clipped around the proposed 
incision site so that the incision can be extended within a 


FIG 6-1 

Liberally clip hair around the proposed incision site so that 

be extended within a sterile field. In male 
sure to dip the prepuce. 


incision can 
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FIG 6-3 


the prepuce of male 


dogs with antiseptic solution 
before performing the sterile preparation. 


POSITIONING 




V-. 




B e to re the sterile application of the epidermal germicide, the 
animal is moved to the 
the operative site 

with ropes, sandbags, troughs, tape 
positioning devices. When these restraints are applied, inter¬ 
ference with respiratory function and peripheral 

musculature and its innervation must be 
avoided. Monitoring devices should be connected or the 
connections rechecked after positioning of the patient. The 
animal generally is placed on a water 
and/or a warm-air circulating blanket 
adjacent to or over the patient. If electrocautery is to be used 
the ground plate should be positioned under the patient. If 

hanging-leg preparation is to be done, the limb should be 
carefully suspended with tape from an [V pole. 
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operating room, positioned so that 
is accessible to the surgeon, and secured 
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FIG 6-2 

For limb procedures that do not require exposure of th 
paw, exclude the paw from the surgical area by placing a 
latex glove over the distal extremity and securing it to the 
limb with tape. Wrap the glove with tape or Vetrap. 


circulation 


e 


and with the 




circulating heating pad 

pi aced 


or tubes are 


by placing a latex glove 




over the distal extremity and secur- 

2). The glove should be 
is then "draped out" of 

manipulation of 
hanging-leg preparation may be 
circumferentially clipped and then hung 

pole during prep ping to allow all 


■* 




limb with tape (Fig. 6 


a 


covered with tape or Vetrap. The foot 

the sterile field (see below). To enhance 
limbs during surgery, 
done. The limb is 


a 




STERILE SKIN PREPARATION 






from an intravenous (IV) 


Sterile preparation begins after positioning of the animal has 

are sterilized in a pack 


sides to be scrubbed. 


been completed. Game sponges 

along with bowls into which the germicides can be poured 
Sponges are handled with sterile 


* 


Before the animal is transported to the surgical suite, the 
incision site is given a general cleansing 


§■ 


scrub, and oph¬ 
thalmic antibiotic ointments or lubricants are placed 011 the 

cornea and conjunctiva. In male dogs undergoing abdomi 
nal procedures, the prepuce should be flushed with 
septic solution (Fig, £v3). The skin 

germicidal soaps to remove debris and reduce bacterial 
ulations. The area 


sponge forceps or a gloved 
aseptic technique. The dominant hand should be 
used to perform the sterile 

dominant hand is used to retrieve 


hand using 


preparation, and the less- 


sponges from the prepa¬ 
ration bowl. Transferring the sterile sponges to the dominant 
hand before scrubbing the animal helps 

picking up the sponges remains sterile during the procedure. 
Scrubbing is started at the incision site, usually near the 

circular scrubbing motion is 


an 


is scrubbed with 


Pop- 

is lathered well until all dirt and oils have 


ensure that the hand 






been removed. This 

passes the hair surro 
attached hairs and dander that 


is a generous scrub that often encom- 
unding the operation site to remove un 

may he disturbed during 


center of the dipped area. A 

used, moving from the center to the periphery. Sponges 
should not be returned from the periphery to the center be¬ 
cause bacteria could be transferred onto the incision site; 


draping. 

Commonly used scrubbing solutions 
ehlorhexidine, alcohols, hexachlorophene, and quaternary 
ammonium salts. Alcohol is not effective 
produces a fast kill of bacteria and 

Using alcohol by itsell is not recommended, but it is com- 








1 


ors, 


1 


sponges are discarded after reaching the 


1 


periphery. Fre¬ 
quently, when povidone-iodine and alcohol are used, the site 

is scrubbed alternately with each solution three times to al¬ 
low 5 minutes of contact time. However, 

tween the povidone-iodine scrubs reduces the contact time 
of povidone-iodine with skin and may diminish its efficacy. 
Excess solution on the table 




against spores but 
acts as a defatting agent. 


using alcohol be 


in conjunction with povidone-iodine (see next 
column). Hexachlorophene and quaternary 
salts are less effective than other available 


mo 


r 


a 11 imon mm 


agents 


or in body “pockets" should be 
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FIG 6-5 

If an abdominal incision extends to the pubis in male dogs, 
damp the prepuce to one side with a sterile towel clamp. 


FIG 6*4 

If using povidone-iodine, spray or paint a 10% solution on 
the operative site after preparation has been completed. 


sterile towel or sponges* When the final 


blotted with 

povidone-iodine scrub is finished, a 10% povidone-iodine 

solution should be sprayed or painted on the operative site 
(Fig. 6-4)* If chlorhexidine is the preparation solution, it re¬ 
mains in contact with the skin at the end of the preparation 
procedure or may be rinsed with saline. Because chlorhexi¬ 
dine binds to keratin, contact time is less critical than with 


povidone-iodine* Two 30-second applications have been ad¬ 
vocated as being adequate for antimicrobial activity* 

Comparison of three skin preparations [povidone-iodine 
or 4% chlorhexidine gluconate with either saline or 70% iso¬ 
propyl alcohol rinse) showed no significant difference in the 
percentage of bacterial reduction for surgical times up to 8 
hours in dogs (Osuna, DeYoung, Walker, 1990); however, 
significantly more skin reactions occurred with povidone- 
iodine than with chlorhexidine* Approximately 50% of dogs 
prepared with iodophors in this study developed erythema, 
edema, papules, wheals, and/or weeping of serum from the 
skin. The authors concluded that povidone-iodine and 
chlorhexidine with a saline rinse were equally effective under 
clinical conditions; however, 4% chlorhexidine with a 70% 
isopropyl alcohol rinse was inferior because it resulted in 
fewer negative cultures after surgery* 


FIG 6*6 

Secure field drapes at the corners with sterile Backhaus 
towel clamps. The tips of the towel clamps are considered 
nonsterile once they have been placed through the skin and 
should be handled appropriately. 


not be flipped, fanned, or shaken, because rapid movement 
of drapes creates air currents on which dust, lint, and droplet 
nuclei can migrate* Drapes, supplies, and equipment that ex¬ 
tend over or drop below table level should be considered 
nonsterile, because they are not within the surgeons visual 
field and their sterility cannot be verified* 

Once the towels have been placed, they should not be 
readjusted toward the incision site because this carries bac¬ 
teria onto the prepared skin. Towels are secured at the cor¬ 
ners with sterile Backhaus towel clamps (Fig, 6-6). The tips 
of the towel damps, once placed through the skin, are con¬ 
sidered nonsterile and should be handled appropriately. 
Generally, field towels do not cover the edges of the table, 
and care should be taken not to brush a sterile gown against 
this nonsterile field* Once the animal and incision site are 
protected by field drapes, final draping can be performed 
(Fig. 6-7), A large drape is placed over the animal and the en¬ 
tire surgical table to provide a continuous sterile field* Cloth 
drapes should have an opening of the appropriate size and 
position that can be placed over the incision site while the 
d ra pe covers the remaining surfaces, 

To drape a limb, field drapes should be placed and se¬ 
cured as described above to isolate the surgical site or the 
proximal aspect of the limb if the leg is hung (Fig. 6-8). The 
u n p r ep a red a re a o f t h e limb is he] d by a nonsterile m em b er 


DRAPING 


Once the patient has been positioned and the skin prepared, 
the animal is ready to be draped. If electrocautery is to be 
used, sufficient time should elapse between skin preparation 
and the application of drapes to permit complete evapora¬ 
tion of flammable substances from the skin (e.g„ alcohol, 
defatting agents). If an abdominal incision extends to the 
pubis in male dogs, the prepuce should be clamped to one 
side with a sterile towel clamp (Fig. 6-5). The purpose of 
drapes is to create and maintain a sterile field around the op¬ 
erative site. Draping is performed by a gowned and gloved 
surgical team member and begins with placement of field 
drapes (quarter drapes) to isolate the unprepared portion of 
the animal. These towels should be placed one at a time at 
the periphery of the prepared area* Field drapes may be huck 
towels or disposable, nonabsorbent towels* Drapes should 
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PIG 6-7 

If the drape does not have a fenestration, cut one to 

ize. The edges of the drape can be secured to 
the field drapes with Allis tissue forceps (not towel clamps). 
Do not put holes through the outer drape. 
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FIG 6-6 

The limb is placed through a fenestration of a !ap or fanfold 
drape, and the drape is secured, A plastic adhesive drape 
has been applied to the skin and surrounding drapes. 




fanfold drape and the drape secured {Fig. 6-9), The end ol 
the stockinette is wrapped with sterile Vetrap. 

To reduce skin exposure and subsequent contamination 
during surgery, additional skin draping, or “toweling-in 

be performed after the skin incision has been made. 
Plastic adhesive drapes can be applied to the skin and sur¬ 
rounding drapes for the same purpose. After the animal and 
nearby nonsterile surfaces have been covered with sterile 

drapes, the instrument tray can be arranged, and surgery can 
begin. 

References 


FIG 6-8 


oration, place field 
em with towel clamps. 


When performing 






drapes around the limb and 


can 


of the surgical team, and the tape holding the elevated limb 
cut. I he limb is presented to the sterile surgical member so 

r be taken with a hand in a sterile stockinette or 
towel. The limb should not be turned loose until it is se¬ 
curely held by the sterile surgical team member. II a stock¬ 
inette is used, it should be carefully unrolled down the limb 
and secured with towel clamps. If a sterile towel is used, the 
limb should be carefully wrapped with the towel before it is 
secured to the skin with a towel damp. Water-impermeable 
(disposable) towels (plus the towel clamp) should then be 
covered with sterile Kling. If a cloth towel is used, it (and the 
towel damp) should be covered with sterile Vet rap. The limb 

ready to be placed through a fenestration of a lap or 
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Surgical personnel are a major cause of microbial contami¬ 
nation during surgery. Careful preparation of the surgical 
team and nonsterile personnel reduces the number of bacte¬ 
ria in the surgical suite but does not eliminate them. A corre¬ 
lation has been noted between the number of people, their 
movements, and the number of airborne bacteria in a surgi¬ 
cal suite (fuller, 1994). To minimize contamination during 
surgery, strict guidelines should be followed regarding surgi¬ 
cal attire for all surgical room personnel, including observers. 
If possible, surgical room personnel should be reduced to 
only those essential for anesthesia or surgical support. 


complete coverage. Skullcaps that fail to cover the side hair 
above the ears and the hair at the nape of the neck should 
not be worn. 

Any tootwear that is comfortable can be worn in the sur¬ 
gery area. Shoe covers should be donned when first entering 
the snrgical area and should be worn when leaving it to keep 
shoes clean. New shoe covers are donned upon returning to 
the surgical area* Shoe covers generally are made of reusable 
or disposable materials that are water repellant and that are 
tear resistant* 

Masks constructed from lint-free material containing a 
hydrophilic filter web sandwiched between two outer layers 
should be worn whenever entering a sterile area* Their 
major function is to filter and contain droplets of micro¬ 
organisms expelled from the mouth and nasopharynx dur¬ 
ing talking, sneezing, and coughing. Masks must be fitted 
over the mouth and nose and be secured in a manner that 
prevents venting. The dorsal aspect of the mask is secured 
by shaping the rei nforcing lop edge Lightly around the 


SURGICAL ATTIRE 


All those entering the operating room suite should be appro¬ 
priately clothed, regardless of whether surgery is in progress. To 
minimize microbial contamination from operating room per¬ 
sonnel, scrub clothes rather than street clothes should be worn 
in the operating suite. With two-piece pant suits, loose-fitting 
tops should be tucked into the trousers* Tunic tops that fit close 
to the body may be worn outside the trousers. The sleeves of the 
top should be short enough to allow the hands and arms to be 

should have an elastic w T aist or drawstring clo¬ 
sure. Nonscrubbed personnel should wear long-sleeved jackets 
over their scrub clothes* fackets should be buttoned or snapped 
dosed during use to minimize the risk of the edges inadver¬ 
tently contaminating sterile surfaces. Scrub clothes should be 
laundered between wearing* and changed if they become visi¬ 
bly soiled or wet to prevent transfer of microorganisms to the 
surgical environment. Wearing scrub clothes outside the surgi¬ 
cal environment increases microbial contamination. If a scrub 
suit must be worn outside the surgery room, a laboratory coat 
or single-use gown should be used to cover it* 

Other surgical attire includes hair coverings, masks, shoe 
covers, gowns, and gloves. Hair is a significant carrier of bac¬ 
teria; when left uncovered, it acts as a biter and collects bac¬ 
teria. Because shedding from hair has been shown to affect 
the surgical wound infection rate, complete coverage is nec¬ 
essary. Even when surgery is not in progress, caps and masks 
should be worn in the surgical suite. Caps should completely 
cover all hair, and masks should cover the mouth and 
nostrils* Sideburns and beards require hoods (fig* 7-1) for 


sc ru bbed. Pan t s 


FIG 70 

Facial hair and sideburns should be covered with 
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General Surgical Principles 


Surgical gowns may be reusable and made of woven mate¬ 
rials (usually cotton)> or they may be disposable. Disposable 
(single-use) gowns are nonwoven and are made directly from 
fibers rather than yarn. Loosely woven, all-cotton fabric, type 
140 muslin commonly is used to make reusable gowns. This 
fabric is instantly permeable to bacteria when il becomes wet 
A more expensive alternative, 270 pima cloth that has been 
treated to produce a durable, water-repellan 1 finish, provides a 
better bacterial barrier. Fifty/fifty polyes t c r/co t ton blend doth 
is available as a tightly woven fabric that resists bacterial pene¬ 
tration. Laundering woven gown s widens the fa brie pores, d i - 
minishing their effectiveness as microbial barriers. Nonwoven 
gown materials include olefins and polyesters. The number of 
microorganisms isolated from the surgical environment is 
lower when disposable, nonwoven materials are used. 


Antimicrobial soaps or detergents used for scrubbing 
should be rapid acting, broad spectrum, and nonirritating and 
should inhibit rapid rebound microbial growth. Some hand 
scrubs can bind with the stratum corn cum, resulting in resid¬ 
ual activity. Because bacteria proliferate under gloves, particu¬ 
larly if the gloves are damaged during surgery, persistent chem¬ 
ical activity is desirable. The most commonly used surgical 
scrub solutions are chlorhexidine gluconate, povidone-iodine, 
and hexachlorophene (Table 7-1). Of the commonly used sur¬ 
gical hand scrub solutions, chlorhexidine gluconate has the 
greatest residual activity and persistence, and alcohol 
the most rapid kill and greatest reduction in microbial counts. 
Combining an alcohol preparation with chlorhexidine glu¬ 
conate is the most effective means of reducing microbial 
counts. A recent study compared the traditional surgical scrub 
using 4% chlorhexidine with a short application of a waterless 
alternative (61% ethyl alcohol, 1% chlorhexidine, and emol¬ 
lients) (Larsen, 2000). The researchers found that the waterless 
scrub saved time and money and was more effective than a tra¬ 
ditional scrub, t he waterless scrub was associated with less skin 


causes 


SURGICAL SCRUB 


The surgical scrub is a procedure for cleaning the hands and 
forearms to reduce the number of bacteria that come in con¬ 
tact with the wound through scrubbed personnel during 
surgery. All sterile surgical team members perform a hand 

and arm scrub before entering the surgical suite. The objec¬ 
tives of a surgical scrub are mechanical removal of dirt and 
oil, reduction of the transient bacterial population (i.e., ba 
teria deposited from the environment ), and residual depres¬ 
sion of the skins resident bacterial population (i.e., bacteria 
persistently isolated from ihe skin) during the procedure. 
Relying on gloves alone (without a surgical scrub) to prevent 
microbial contamination is not recommended; up to 50% of 
surgical gloves have holes at the completion of surgery, and 
the percentage may increase for long or difficult surgeries. 


damage and lower microbial counts 5 days after the scrub de¬ 
spite having significantly less contact time. Human and veteri- 

y will move to waterless scrub prepara- 


nary surgery 
tions in the near future. 

The surgical scrub physically separates microbes from skin 

th em [ hrough con tact w ith the an t i m i c rob t al 
solution. Two accepted methods of performing a surgical 
scrub are the anatomic timed scrub (Le., 5-minute 
the counted brush stroke scrub (strokes per surface 
skin). These methods are described in Table 7-2 (Fig, 7-2). 
Recommendations vary regarding the number of times to 


L- 


scrub)and 


area of 


TABLE 7-1 


Common Antimicrobial Soaps Available for Surgical Scrubs 


ANTIMICROBIAL SOAP 


MECHANISM OF ACTION 


PROPERTIES 


Chlorhexidine gluconate 


Disruption of cell wall and 


* Broad spectrum (more effective against gram-positive th 
gram-negative bacteria or fungi) 

* Good viruetde 


an 


precipitation of cell proteins 


Residual activity because it binds to keratin 


* Not inactivated by organic material 

* May be less irritating to skin than iodophors 

* Bacteriostatic for gram-positive cocci 

* Minimal activity against gram-negative bacteria, fung 
viruses 

* Not inactivated by organic material 

* Cumulative (nullified by alcohol] 

* May be neurotoxic 

* Broad spectrum (gram-negative and gram-positive 
bacteria, fungi, ond viruses) 

* Some activity against spores 

* Inactivated by organic material 

* Requires minimum of 2 minutes of skin contact 

* Broad spectrum (more effective against gram-positive than 
gram-negative bacteria, fungi, ar viruses) 

* Slow onset of action 

* Broad spectrum (ineffective against many Pseudomonas 
s pp.) 

* Minimally affected by organic material 


Hexachlorophene 


Disruption of cell wall and 
precipitation of cell proteins 


i, or 


Iodophors (e,g v 

povidone-iodine) 


Cell wall penetration, oxidation, 
replaces microbial contents wi 
free iodine 


Parachloromethaxyfenol 
(PC MX) 

Trlclosan 


wall and enzyme 


D 


inactivation 


ce 
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Chapter 7 Preparation of the Surgical Team 


TABLE 7-2 


Surgical Scrub Procedure 


* Locate scrub brushes, antibacterial soap, nail cleaners. 

Remove watches and rings. 

Wet hands and forearms thoroughly. 

Apply 2-3 pumps of antimicrobial soap to hands and wash hands and forearms. 
Clean nails and subungual areas with a nail cleaner under running water. 

Rinse arms and forearms. 

Apply 2-3 pumps of antimicrobial soap to hand and forearm. 

Apply 2-3 pumps of antimicrobial soap to the sterile scrub brush. 


Counted Brush Stroke Method 

Apply 30 strokes (one stroke consists of up and down or 
back and forth motion'! to the very tips of your fingers and 


Anatomic Timed Method 

Note starting time; scrub each side of each finger, between 
fingers, and back and front of the hand for 2 minutes. 
Proceed to scrub the arms, keeping the hand higher than 
the arm. 

Scrub each side of the arm to 3 inches above the elbow for 

2 to 3 minutes per hand and arm. 


Divide each finger and thumb into four parts and apply 20 
strokes to each of the four surfaces, including the finger 

webs [see Fig, 7-2, A). 

Scrub from the tip of the finger to the wrist when scrubbing 
the thumb, index, and small fingers. 

Divide your forearms into four planes and apply 20 strokes 
to each surface (see Fig. 7-2 ^ B). 

* Rinse the scrub brush well under running water and transfer the brush to your scrubbed hand. Do not rinse the scrubbed 


1 minute. 


Total scrub time is 


hand and arm at this time. 


* Repeat the process on your other hand and arm, 

* When both hands and arms have been scrubbed, drop the scrub brush in the sink, 

* Starting with the fingertips of one hand, rinse under water by moving your fingertips up and out of the water stream and 
allowing the rest of your arm to be rinsed off on the way out of the stream, 

* Always allow the water to run from your fingertips to your elbows ( 

* Never allow your fingertips to come below the level of your elbows. 

* Never shake your hands to get rid of excess water; allow the water to drip from your elbows. 

* Rinse off your other hand similarly. 

* Hold your hands upright and in front of you so that they can be seen, and proceed to the gowning and gloving area. 


Fig. 7-2, q. 


FIG 7-2 

A, Divide each finger and thumb into four parts and scrub each of the four surfaces, 
including the finger webs, 8 , Divide your forearm into four planes and scrub each surface. 
C, When rinsing, always allow the water to run from your fingertips to your elbows. 
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PART I 


during the scrub, the number of strokes pet 

each surface area; how- 


lather and rinse 


surface area, and the Lime spent on 

both methods ensure sufficient exposure of all skin sur- 

and antimicrobial solutions. If the hands and 
ssly soiled, the scrub time should be extended or 
the brush counts increased; however, skin irritation or abra¬ 
sion should be avoided because this causes bacteria residing 

„ around the base of hair follicles) to be- 

the number of 


eve r 
laces to friction 












ar m s 




in deeper tissues (e.g 
come more 


superficial, increasing 


the skin surface, 1 he contact time be- 

detergent and the skin 


infective organisms on 

the antimicrobial soap or 


flG 7-3 

When drying your hands and arms, use one end ot the 
towel to dry one hand and arm (work from hand to elbow), 

hand \o the opposite end of rhe towel 

in a similar manner. 


twee n 

should b e based on documentation of a product’s e ffi cacy 

7-minute scrub for the first 


in 


the scientific literature. A 5- to 


Then bring the dry 
nd dry the other hand and arm i 


followed by a 2- to 3-minute scrub between 
subsequent operations, generally is adequate. Products such 

as Alcare (STERIS Corp.) are available for use as a supple- 

reentry scrub. A reentry scrub 

scrub following the first scrub of the day. for i 

with dean hands, the hands are dried with 
palm full (5 g) of Alcare is dispensed in one hand, 

both hands and forearms and 


case of the day, 


a 


ment to the initial scrub or as a 


is any 


a s 


ate reentry 


tie towel. A 


and the solution is spread on 
rubbed into the skin until it is dry (approximately 1 to l 1 /, 

minutes). A smaller amount of Alcare is then dispensed into 

both hands to wrists, and rubbed into 


hand, spread over 
the skin until it is dry (approximately 30 seconds). 

rubbing, all jewelry (including watches) should 

be removed from the hands and forearms because they are 

bacteria. Fingernails should be free of polish 


one 


l sc 


reservoirs tor 

and trimmed short, and the cuticles should he in good con¬ 
dition. Artificial nails (e.g., bondings, tips 


a s 




“I 


B 


' . . 


, wrappings, tapes) 

A higher number ot gram-negative 

has been cultured from the fing 
artificial nails than from personnel 










should never be worn. 




microorganisms 

p er so nn el we ar ing 
natural nails, both before and after hand washing. Fungal 

between artificial nails and the natural nail has also 

contaminate the surgical wound. 

lesions and 


i 


growth 

been reported and 

Hands and forearms should be tree of Open 
breaks in skin integrity because skin infections may 

inate surgical wounds. 

Once the scrub has been started, nonsterile items 
be handled. If the hands or arms are inadvertently touched by 

bject (including surgical personnel), the scrub 
should be repeated. During and after scrubbing procedures 
the hands should be kept higher than the elbows. This allows 
water and soap to flow from the cleanest area (hands) to a less 
dean area (elbows). In most cases a single scrub brush can be 
used for the entire procedure. No difference in effectiveness 
been documented between sterilized reusable brushes 
and disposable polyurethane brush-sponge combinations. 
When the scrub has been completed, the hands and arms 

should be dried with a sterile towel. Pick up 
from the table, taking care not to drip water on 

back from the sterile table. Hold the 

blotting-motion, dry one hand and 


FIG 7-4 


assistant pull the gown up and over your 
shoulders and secure it by closing the neck fasteners and tying 
the inside waist tie. B, If a sterile-back gown is used, do not 

the front tie until you have donned sterile gloves 


A, 


an 


secure 


cannot 


suit. Once the hand and arm are dry, bring the dry hand to 
the opposite end ol the towel. Dry the other hand and arm 
in a similar manner. Drop the towel into the proper recepta¬ 
cle or on the floor if a receptacle has not been provided. Do 
not lower your hands below waist level 




nonsterile o 


a 




GOWNING 


barrier between the skin of the surgical 

member and the patient. They should be constructed 


Gowns serve as a 


lias 


team 

of a material that eliminates the passage of microorganisms 

between sterile and nonsterile areas (see p. 28). Ihc 7 should 
be resistant to fluid, Anting, stretch, pressure, and friction 

the forearm, elbow, and abdominal areas) and 


the sterile towel 


t h e gow n b e - 


(especially in 

should be comfortable, economical, and lire resistant. 

disposable (single use) or reusable. 

described below and illus- 


neath it 

lengthwise and, iisin 

or king from hand to elbow with one end of the towel 
(Fig. 7-3). Bend over at the waist when drying the arms 

that the end of the towel does not brush against your scrub 




a 


Gowns are available as 

The technique of gowning 
trated in Fig. 7-4. Gowning and gloving should be done 


is 


so 


l . 




L 


-J t 
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Chapter 7 


FIG 7-5 


Closed gloving. A, Working through the gown sleeve, pick up one glove from 
the wrapper. Lay the glove palm down over the cuff of the gown with the 
thumb and fingers of the glove facing toward your elbow. B, Grasp the cuff of 
the glove with your index finger and thumb. With the index finger and thumb 
of the other hand (within the cuff), take hold of the opposite side of the edge of 
the glove. Lift the cuff on the glove up and over the gown cuff and hand. Turn 
loose and come to the palm side of the glove and take hold of the gown and 
glove, pulling them toward the elbow while pushing the hand through the cuff 
and into the glove. Proceed with the opposite hantT using the same technique. 


Open Gloving 

The open method of gloving is used when only the hands 
need to be covered (as for urinary catheterization, bone 
marrow biopsy, or sterile patient preparation) or during sur¬ 
gery when one glove becomes contaminated and must be 
changed* This method should not be used routinely for 
gowning and gloving (Fig. 7-6). The procedure used when 
both gloves are donned is shown in Fig, 7-7, 

Assisted Gloving 

The steps involved in assisted gloving are shown in Fig* 7-8, 

Removing Gloves Aseptically 

The procedure for removing gloves in an aseptic manner is 

described in Fig* 7-9. 


a surface separate from other sterile supplies (the surgical 
table) or the surgical patient to avoid dripping water onto 
the sterile held and contaminating it. Gowns are folded so 
that the inside of the gown faces outward. Grasp the gown 
firmly and gently lift it away from the table* Step back from 
the sterile table to allow room for gowning. Hold the gown 
at the shoulders and allow it to gently unfold* Do not shake 
the gown because this increases the risk ol contamination. 
Once the gown is open, identify the armholes and guide each 
through the sleeves. Keep your hands within the cuffs of 

assistant pull the gown up over your 


arm 

the gown. Have an 
shoulders and secure it by closing the neck fasteners and ty¬ 
ing the inside waist tie (see Fig. 7-4,71)* It a sterile-back gown 
is used, do not secure the front tie until you have donned 


sterile gloves (see Fig. 7-4, /3), 


MAINTAINING STERILITY 
DURING SURGERY 


GLOVING 


Latex rubber gloves are barriers between the surgical team 
member and the patient; however, they are not a substitute 
for proper scrubbing methods. If the glove of a property 
scrubbed hand is perforated during a surgical procedure, 
bacteria are rarely cultured from the punctured glove. Lubri¬ 
cating agents for latex gloves such as magnesium silicate (tal¬ 
cum) or low cross-linked cornstarch allow gloves to slide 

easily onto the hand. However, these agents cause con¬ 
siderable irritation to various tissues, even if gloves are vig¬ 
orously rinsed in sterile saline before surgery. Therefore the 
surgeon should use gloves in which the inner surfaces have 
been lubricated with an adherent coating of hydrogel* 
Gloving can be performed by three separate methods: (I) 
gloving yourself using a closed method; (2) gloving yourself 
using an open method; and (3) assisted gloving. 


The techniques described in this chapter for gowning and 
gloving minimize the risk of the operative team contaminating 
the surgical field. However, vigilance is necessary to prevent 

contamination of gowns or gloves. Once gowned, the surgical 
team members should always face the sterile field, and they 
should not touch or lean over a non sterile area* 7 he arms and 
hands should remain above waist level and below shoulder 
level. The arms should not be folded; they should be clasped in 
front of the body, above the waist. Scrubbed personnel should 
avoid changing position levels; they should be seated, only if the 
entire surgical procedure will be performed at this level. 

The front of the gown should be considered sterile from 
the chest to the level of the sterile field; the back of the gown 
is not considered sterile (even if a sterile-back or wrap¬ 
around gown is used) because it cannot be seen by the 
scrubbed individual. The sleeves should be considered ster¬ 
ile from 2 inches above the elbow to the stockinette cuff. Be- 

the stockinette cuff collects moisture (making h an in- 


more 


Closed Gloving 

The dosed method of gloving ensures that the hand never 
comes in contact with the outside of the gown or glove 
(Fig. 7-5)* 


cause 

effective microbial barrier), it is considered nonsterile and 
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FIG 7-8 

Assisted gloving. A, Have the 


istant pick up one gtove and place his or her fingers and 
B, With the thumb of the glove facing you, slip your 

and over the cuff 


thumb under the cuff of the glove, 


istant bring the cuff of the glove up 


glove; then have 


hand into the 


3 


e assi 


the other glove. Assist by 

whiTi 


of your gown and gently let it go. C, Have the 

holding the cuff of the glove open with the fingers of your sterile hand 

Tl 1 kept under the cuff while 


b 


r 


u 




our 


ungloved bond into th 


e open g ove. 


hand into it. 


you 


should be 
the shouli 

considered nonsteriie because they may b 
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CHAPTER 

Surgical Instrumentation 




operating room are different from suture removal scissors. 
The latter have a concavity on one blade that prevents the 
suture from being lifted excessively during removal Delicate 

such as tenotomy and iris scissors, are often used in 


INSTRUMENT CATEGORIES 


Each type of surgical instrument is designed tor a particular 
and should be used only for that purpose. Using instru¬ 
ments for procedures for which they are not designed (e.g., 
using Metzenbaum scissors to cut suture or tissue forceps to 
hold bone) may result in dull or broken instruments. 


use 


scissors, 

ophthalmic procedures and other surgeries that require fine, 
precise cuts. Bandage scissors have a blunt tip, which reduces 
the risk of cutting skin when the scissors are introduced un- 


Scolpels 


der the bandage. 

Scissors may be used tor sharp cutting or 
tion. They are 

ger through the finger rings and with the index finger resting 
on the shanks near the fulcrum. The ring finger or thumb 
should not be allowed to "fall through” the handle; the rings 


blunt dissec- 


the primary cutting instrument used to incise 


Scalpels are 

tissue (Fig. 8-1). Reusable scalpel handles {No, 3 and 4) with 
detachable blades are most commonly used in veterinary 
medicine; however, disposable handles and blades are avail¬ 
able. Blades are available in various sizes 
pending on the task for which they are intended. A No, 10 

blade is most commonly used in small animal surgery. 

used in a "slide cutting” fashion, 

which means that the direction of pressure applied to the 
knife blade is at a right angle to the direction of scalpel pres- 

VVhen incising skin, the scalpel blade should be kept 


held with the tips of the thumb and ring 


and shapes, de 


should be kept near the distal finger joint. Most 
designed for use with a right-handed grip so that the natural 


scissors arc 


pushing of the thumb and pulling of the fingers in a grip¬ 
ping motion applies maximal shear and torque to the blades. 
When used in the left hand, the thumb blade is positioned 
such that a grasping motion that pushes with the thumb 

loss of shear and torque forces. It takes considerable 

to use right-handed scis- 


Scalpels usually are 


sure. 

perpendicular to the skin surface. Scalpels can be held with 

a pencil grip, fingertip grip, or palmed grip. The pencil grip 

allows shorter, finer, and more precise 

30- to 40-degree greater angle to the tissues 


c a u ses 

practice for a left-handed surgeon 

, However, most instrument companies manufacture 


incisions because the 


s o rs 


left-handed instruments. 

Direction, control, and accuracy in cutting depend on the 
stability of the tissue between the blades of the scissors and 
the stability of the scissors in the operator's grip. The more 
obtuse the angle between the blades when cutting, the less 
the scissors stabilize the tissue and the less accurate the cut. 
Using the end of the blade stabilizes the tissue more securely 

and results in a more precise 
completely closed if the incision is to be continued, because 

; the scissors should be nearly 


scalpel is at a 

than with the other grips (Fig. 8-2), However, this angle re¬ 
duces cutting edge contact, making this grip 
long incisions, 

and stability for long incisions. 


less useful for 


The fingertip grip offers the best accuracy 


Scissors 


cut. Scissors should not be 


, and weights and 


Scissors come in a variety of shapes, sizes 
generally are classified according to the type of point (e.g 

blunt-blunt, 

straight, curved), or the cutting edge (plain, serrated) 

offer greater maneuverability and 


the result is a ragged incision 
closed, advanced, and nearly closed again. Blunt dissection 

separation of tissue by inserting the points and opening 

to separate muscles and fat. Blunt 

tougher tissues or where 


sharp-sharp, sharp-blunt), the blade shape 


(e 


(Le 


{Fig. 8-3), Curved scissors 
visibility, whereas straight scissors provide the greatest me¬ 
chanical advantage when cutting tough or thick tissue. Met- 

most commonly used in 


the handles) may be used 
dissection should not be used in 


precise cuts are possible. 


zenbaum or Mayo scissors are 

the former are more delicate and should be reserved 

are used for cutting heavy 


s u rge r y; 

for fine, thin tissues. Mayo scissors 
tissues, such as fascia. Suture scissors, not tissue scissors, 
should be used to cut sutures. The suture scissors used in the 


Needle Holders 

Needle holders are used to grasp and manipul 
needles (Fig. 8-4). The size and type of needle holder used 


ate curved 


34 


r 













Chapter 8 Surgical Instrumentation 


35 










* ” i 






V! 








f * 




















’ * *. JfcT 

ft 

•• 




I 


i 
























L 


















i 
































































! *• 
























































































_ 
















4 












i 
























. - is 














k 


.'i i 










































« 


































































































































■ 










































-ail 












































































































































» 


















































































i^Jr 


































































■ 




■ 


■■I 




■ 


FIG 8-3 

fssors. Left to right: Stitch (suture removal), sharp-blunt, 
Metzenbaum, Mayo, wire, tenotomy. 




FIG 8-1 

Scalpel handles (/eft, No. 3; right , No. 4) and blades ftop to 

bottom); No* 10, 11, 12, 15, and 20, 






















FIG 8-2 

Scalpels generally are held with 
allows short, fine, precise incisions. 


pencil grip because it 


FIG 8*4 

Needle holders, [eft to right: Mayo-Hegar, Olsen-Hegar, 
Mathieu, CastrovEejo. 


are determined by the characteristics of the needle to be held 
and the location of the tissue to be sutured. Heavier, larger 
needles require wider, heavier jawed needle holders* If 
die holders are used to hold suture, the jaws should be finely 
serrated or smooth to avoid damaging the suture by fraying 
or cutting it. Long needle holders facilitate working in deep 
wounds. High-quality needle holders are made of noncorro 
sive, high-strength alloy and have a glare-free finish. The tips 
are hardened by coating them with a diamond surface or by 
fusing tungsten carbide to the face* Tungsten carbide inserts 
may be replaced when they become damaged or fail to hold 
suture adequately. 

Most needle holders have a ratchet lock just distal to the 

thumb (e.g., Mayo-He gar, Olsen-Hegar types), but some 
(e*g*, Gistroviejo type) have a spring and latch mechanism 
lor locking, Mayo-Hegar needle holders are commonly used 
in veterinary medicine lor manipulating medium to coarse 

needle holders are used similarly but 
have scissor blades, which allows suture to be tied and cut 
with the same instrument. The disadvantage of Olsen-Hegar 
needle holders is that expertise is required to avoid cutting 
the suture during tying. Mathieu needle holders have a 


ratchet lock at the proximal end of the handles of the needle 
holder, which permits locking and unlocking simply by pro 
gressively squeezing the handles together. 

Needles generally should be placed perpendicular to the 
needle holder because this allows the greatest maneuverabil 
ity. When needles are placed at an angle, the handles must 
move through a wide arc during suturing. A needle generally 
is grasped near its center because this allows it to be ad¬ 
vanced through tissue with greater force and less risk of 
breakage. When the needle is grasped near the eye or swage 
maximum needle length is available for suturing and there is 
less risk of needle slippage; however, unless delicate tissue is 
being sutured, the needle is more likely to bend or break* 
Conversely, holding the needle near the pointed end allows 
the greatest driving force when suturing tough tissue, but 
grasping the needle for extraction is difficult. 

Needle holders may be held using a palmed grip (no fin¬ 
gers are placed in the rings, and the upper ring rests against 
the ball of the thumb jbig. 8-5]), a thenar grip (the upper 
ring rests on the ball of the thumb, and the ring finger is 


nee- 
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needles. Olsen-Hegar 
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FIG S-5 

A palmed grip provides a strong driving force but less 
precision. 


FIG 8-8 

A pencil grip is used with Castroviejo needle holders. 
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FIG 8-6 

A thenar grip provides good mobility, but releasing th 
needle holder by applying pressure with the ball of the 
thumb to the upper ring causes the handles to "'pop" apart. 
This causes some movement of the needle in the tissue being 
sutured. 
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FIG 8-6 

Tissue forceps. Left to right: Bishop-Harmon (smooth tip), 
Bishop-Harmon (toothed), Brown-Ad son, 132 tissue, 
serrated, DeBokey, 
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grips. Although it allows mobility* releasing the needle 
holder by exerting pressure on the upper ring with the ball 
of the thumb causes the handles of the needle holder to 
pop 11 apart, and some movement of the needle occurs dur 
ing this process. The greatest advantage of a thumb-ring hu¬ 
ger grip is that it allows precision when releasing a 
Although it may be slower than the palmed or thenar grip, 
is preferred when tissue is delicate or when precise suturing 
is required. 

Tissue Forceps 

Tissue (thumb) forceps are tweezerlike, nonlocking instru 
ments used to grasp tissue (Fig. 8-9). The proximal ends are 
bonded together to allow the grasping ends to spring open 
or be squeezed shut. They are available in a variety of shapes 
and sizes; the t ips (grasping ends) may be pointed* flattened 

■B 

rounded, smooth, or serrated or may have small or large 

with large teeth should not be used to 
handle tissue that is easily traumatized. Smooth tips are rec¬ 
ommended with delicate tissue, such as blood vessels. The 
most commonly used tissue forceps* such a the Brown - 
Adson forceps, have small serrations on the tips that cause 
minimal trauma but facilitate holding tissue securely. 

Tissue forceps generally are used in the nondominant 
hand. They should be held so that one blade functions 
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FIG 8-7 


a laws for the most precision of all 
grips and is preferable when suturing delicate tissues. 








inserted through the lower ring [Fig. 8-6)), thumb-ring lin¬ 
ger grip (thumb is placed through the upper ring and ring 
finger through the lower ring [Fig. 8-7J),or a pencil grip (the 
index linger and thumb rest on the shafts of the needle hold¬ 
ers [Fig. 8-8]), w r hich is used with Castroviejo needle hold¬ 
ers. The palmed grip is most advantageous for suturing 
tough tissue that requires a strong needle-driving force; 
however, the needle cannot be released and re grasped after a 
stitch without changing to another grip, which makes sutur 
ing less precise. Left-handed surgeons cannot palm right 
handed instruments because the boxlock closes rather than 












opens with pressure. The thenar grip allows the needle to he 
released and regrasped for extraction 


without changing 


as an 
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FIG Q-10 

Holding tissue forceps with 
maneuverability than with other grips. 
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pencil grip provides greater 
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extension of the thumb and the other blade functions 


as an 


extension of the opposing fingers (i.e 
8-IG|), Holding the shanks in the palm greatly limits 

neuverability. When the forcep 

palmed and held with the ring and little fingers, leaving the 
index and middle fingers free. 

Tissue forceps are used to stabilize tissue, 


pencil position [Fig. 

ma- 






s are not in use, they can be 


■ 


expose tissue 

layers during suturing, or both. During suturing, tissue for¬ 
ceps are used on the far side ot the wound to grasp the layer 
above the one being sutured. Tills layer is retracted upward 
and outward with the forceps, exposing the layer to be 
toed. The needle point can then be placed at the desired 
level- Before the needle is driven completely through the tis 
the forceps should be moved from the superficial lay 
to grasp the layer being sutured. This layer can then be lifted 
to expose the needles exit as it is passed through the tissue. 

near side the tissue layer being sutured is grasped and 
lifted to expose the desired needle entrance site. After the 
needle point has been placed at the desired site, the tissue 
forceps are moved and used to retract the 
layer, thereby exposing the exit site. When needles 

grasped during suturing, they should be grasped perpendi¬ 
cular to the shaft. 


K 


su- 


A 


i 




I 


I 






ii 


s ue, 


er 


I 


s 


V{ i 

FIG 8>1 1 

A, Hemostat forceps (left to right): Mosquito, Kelly, Crile, 
Rochester-Carmalt. &, Jaw detail of hemostatic forceps (left 
to right): Mosquito, Kelly, Rochester-Ca 


r« 


more superficial 




rmo 


I I 


are 


cardiovascular forceps (e. 

of only a portion of the vessel. The serrations of cardiovascu¬ 
lar clamps provide tissue compression without cutting deli 

the tip ends of some forceps 

(i.e., Oschner) help prevent tissue slippage within the forcep 
Curved hemostats should be placed on tissue with the 
curve facing up. As little lissue as possible should be grasped, 
to minimize trauma, and lhe smallest hemostat forceps that 
will accomplish the job should be used. To avoid having fi 
gers momentarily trapped in the rings of hemostats, finger 
tips should be placed on the finger rings 
inserted into the rings only as far as the first joint 

Refractors 

Hand-held retractors (Fig. 8-12) and self-retaining retrac¬ 
tors (Fig, 8-13) are used to retract tissue and 
sure. The ends of hand-held retractors 
curved, spatula-shaped, or toothed. Some hand-held retrac¬ 
tors may be bent (i.e., malleable) to conform to the structure 

of the body being retracted. Senn (rake) retractors 


Sal insky forceps) allow occlusion 




Hemostat Forceps 


Hemostat forceps are crushing instruments used to damp 

are available with straight or 
curved tips and vary in size from smaller (3-inch) mosquito 
hemostats with transverse jaw serrations to larger (9-inch) 

on the jaws of larger hemostat 


cate vessel walls. Large teeth at 




blood vessels (Fig. 8-11). They 


s. 


angiotribes. The serrations 

forceps may be transverse, longitudinal, diagonal, 
bin at io n o f th es e. Lo n gi tud i n a I se r rati o ns 
tier to tissue than cross serrations. Serrations usually extend 
from the tips of the jaws to the boxlocks, but in Kelly forceps, 
transverse (i.e., horizontal) serrations extend only over the 
distal portion of the jaws. Similarly sized Crile forceps have 
transverse serrations that extend the entire length of the jaw. 
Kelly and Crile forceps are used on larger vessels. Rochester- 
Garmalt forceps are larger 

used to control large tissue bundles, such as during an ovar 
iohysterectomy. They have longitudinal grooves with 
grooves at the lip ends to prevent tissue slippage. Specialized 


, or a com- 


n- 


are generally gen¬ 


ii ngers should be 
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improve expo- 
may be hooked, 


ing forceps that often 


are 


c ro ss 
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fig a-ia 


FIG 8-14 


Hand-held retractors. Top to bottom: Senn, Army-Navy, 
malleable, Hohmann, 


Self-retaining retractors: Left, Finochietto; 


right, Balfour 










































FIG 8-15 


Suction tips. Top to bottom: Poole, Yankauer, Frazi 


FIG 8-13 


SelF-relaining retractors: Left, Gelpi; right, Weit 


aner. 
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are double-ended retractors. One end has three fingerlik 






e 




curved prongs; the other end 


is a flat, curved blade. Self- 










retaining retractors maintain tension on tissues and are held 










open with a boxlock (e.g 


Gelpi, Weillaner retractors) 


i 


or 




o 


l 






other device (e.g., 




a set-screw, such as 


in Balfour and 






Finochietto retractors [Fig. 8-14]). Ualfour retractors gener 


ally are used Lo retract (he abdominal wall, and Finochietto 




retractors Eire commonly used during thoracotomies. 
















Miscellaneous Instruments 
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Instruments are available to suction fluid (Fig, 8-15), clamp 
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■i 


drapes or tissues (Fig, 8-16), cut and remove pieces of bones 


FIG 8-14 


Clamps and forceps. Left to right: Backbaus towel cla 
Allis tissue forceps, Babcock forceps. 


(rongeurs fFigs. 8-17 and 8-18]), hold bones during fracture 


mp, 


repair (Fig, 8-19), scrape surfaces of dense tissue (curettes). 


re¬ 


move periosteum (periosteal elevators | Fig, 8-20] ), 


cut or 


shape bone and cartilage (osteotomes and chiseIs [Fig. 8-21 ]), 


moses. Numerous other specialized instruments have been 


and bore holes in bone (trephines). Magnifying loupe 


developed to facilitate specific surgical procedures. Some i 


s are 


in- 


useful when precise cutting or suturing of tissues is necessary 


struments used in orthopedic and neurologic procedures 


a re 




;h as in cardiovascular or neurologic surgery, and when the 


shown in Figs, 8-22, 8-23, and 8-24, Other orthopedic instru 


tissues handled are relatively small, 

4 


as with ureteral anasto 


ments are described in Chapter 33 
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FIG 8-17 

Rongeurs, i 
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FIG 8-18 
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FIG 8-21 

Orthopedic equipment. Top to bottom; Chisel, mol let, 

wire twisters. 


orthopedic wire and 




FIG 8-19 


FIG 8-22 
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(pin caddy], pin cutter. 
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cleaning- Delicate instruments should be cleaned and steril 

ized separa 

Cleaning 

Ultrasonic and enzymatic cleaning methods are effective 
and efficient. Before soiled instruments are put in an ultra¬ 
sonic cleaner, they should be washed in cleaning solution 
to remove all visible debris. Dissimilar metals (e.g M chrome 
and stainless steel) should not be mixed in the same cycle. 
All instruments should be placed in the ultrasonic cleaner 
with the ratchets and boxlocks open. Instruments should 
not be piled on top of each other because delicate instru¬ 
ments could be damaged. They should be removed from 
the cleaner and rinsed and dried at the completion of the 
cycle. II an ultrasonic cleaner is not available, instruments 
should be cleaned as thoroughly as possible* with particu 
lar attention paid to boxlocks, serrations, and hinges. Ny 
Ion brushes and cool cleaning solution may be used for 
most instruments. Rasps and serrated areas may require a 
wire brush. A cleaning solution with a neutral pH should 
be used to prevent staining. Cleaning solutions should be 
prepared and used according to the manufacturer's in¬ 
structions. Enzymatic solutions remove proteinaceous ma¬ 
terials from general surgical instruments and endoscopic 
equipment. 

Lubricating and Autoclaving 

Autoclaving is not a substitute for proper instrument 
cleaning. Before autoclaving, instruments with boxlocks 
and hinges, as well as power equipment, should be lubri¬ 
cated with instrument milk or surgical lubricants. Indus 
trial oils interfere with steam sterilization and should not 
be used. Instruments generally are grouped into packs 
kits according to their use (Tables 8-2 and 8-3), Before au¬ 
toclaving, instruments should be wrapped in cloth 
placed on a cloth inside a fenestrated pan to absorb mois¬ 
ture. Instruments should be sterilized with the boxlocks or 
hinges open. T he chamber should not be overloaded, and 
stacking of instruments should be avoided to prevent dam 
age to delicate instruments. Kits should be double wrapped 
(see p, 3) and sealed with tape (e.g., Auto Clave Tape), and 
a monitor (e.g., OK sterilization indicators, S ter rad chemi¬ 
cal indicator strip) should be added before autoclaving (see 
p, 10). To prevent condensation, rapid cooling of instru 
ments should be avoided. Additional information on auto 

Having and other methods of sterilization can be found in 
Chapter 2. 

Cold Sterilization 

Cold sterilization is used for some instruments but does not 
guarantee sterility. Instruments that cannot be autoclaved 
best sterilized using alternate means (e.g., ethylene oxide 
plasma sterilization; see p, 9). Solutions that contain benzyl 
ammonium chloride (BAG) should not be used with instru¬ 
ments that have tungsten carbide inserts because BAG dis¬ 
solves the tungsten. 
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FIO 8-23 

Hall air drill and assorted bits. 
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p 




FIG 8-24 

Neurosurgery equipment. Left to right: lens loop; small nerve 
root retractor; tartar scraper; Freer dissector; large right- 
angle nerve root retractor. 




INSTRUMENT CARE AND MAINTENANCE 


Good surgical instruments are valuable investments. They 
must be used properly and receive routine care and mainte¬ 
nance to prevent corrosion, pitting, and discoloration (Table 
8-1). Instruments should be rinsed in cool water immedi¬ 
ately after the surgical procedure to prevent blood, tissue, 
saline, or other foreign matter from drying on them. Many 

* . 'Jp 

manufacturers recommend that instruments he rinsed 
cleaned, and sterilized in distilled or deionized water because 
tap water contains minerals that may discolor and stain th 
instruments. 11 tap water is used for rinsing, instruments 
should be dried thoroughly to prevent staining. Instruments 
with several components should be disassembled before 








i 


* 


c 


■ 






























































Chapters Su rgica 11nstrumertta tion 


41 


TABLE 8-1 


Causes of Instrument Corrosion, Pitting, or Discoloration 


TYPE AND CAUSE OF DAMAGE 


SOLUTION 


C o rros i on 

• Excessive moisture left on the surface of the instrument or 
in the instrument pack 

• Rinsing with tap water; deposition of alkali earth on walls 
of autoclave, which deposits on instruments 

• Prolonged exposure to enzymatic cleaning solutions 


* Preheat the autoclave; allow instruments to cool slowly; 
check autoclave valves for leaks 

* Use distilled or deionized water during sterilization; clean 

autoclave with acetic acid periodically 

* Do not expose carbon steel instruments to enzymatic 
cleaners for longer than 5 minutes 


Pitting 

* Exposing instruments to saline or foreign materials 

* Detergent residue on instruments during autoclaving 

* Use of alkaline detergents that remove the chromium 
oxide coat 

* Simultaneously cleaning metals of dissimilar composition 
in an ultrasound cleaner 

Rust Deposition 

* Deposition of iron on instrument from tap water 

* Deposition and oxidation of carbon particles on stainless 
steel instruments when they are sterilized with chrome- 
plated instruments that have exposed metal 

Spotting 

* Condensation and slow evaporation of water droplets 
containing sodium, calcium and/or magnesium on 

instruments 

Staining 

Purplish-black 

* Exposure to ammonia 

* Use of amine chemicals to clean lime deposits in 
steam lines 

Btut$h*gray 

9 Prolonged use of cold-sterilization solutions 


• Rinse instruments with distilled water immediately after the 

procedure 

• Avoid detergents with chloride base, which form hy¬ 
drochloric odd when combined with steam 

* Use detergents that have a pH near 7 

* Separate instruments made from dissimilar metals during 
cleaning 


* Use distilled or deionized water during cleaning, rinsing, 
and sterilization 

* Separate the two types of steel during sterilization; replace 
plated instruments that are peeling or imperfect 


* Follow instructions for autoclave use; open door after 
steam has been exhausted; check valves or gaskets; use 
distilled or deionized water 


• Avoid detergents with ammonia; rinse instruments thor¬ 
oughly 

• Use distilled or deionized water in autoclaves to prevent 

lime deposits 


• Use distilled water and rust inhibitors in cold-sterilization 
solutions 


Brown ish 

9 Deposition of copper on instruments during sterilization; 
formation af a chromic oxide film when the instrument 

is heated 


* Use a dishwashing compound that does not contain 
polyphosphates, which can solubilize copper components 
of the sterilizer 
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PART I General Surgical Principles 


DRAPING AND ORGANIZING 

INSTRUMENT TABLE 


TABLE 8~2 


Instrument tables should be height adjustable to allow 
them to be positioned within reach of surgical personnel. 
The instrument table should not be opened until the ani¬ 
mal has been positioned on the surgical table and draped. 
Large, water-impermeable table drapes should 
entire instrument table. To open these drapes, the drape 
outer wrap are positioned on the instrument table. The 
exposed underneath surface of the drape is gently grasped, 


Suggestions for a Basic Soft Tissue Pack 


INSTRUMENT 


QUANTITY 


Halsted-mosquifo hemostats, curved, 5-rnch 
Hdsted-mosquito hemostats, straight, 5-inch 
Kelly hemostats, curved, 5'4-inch 

Crile forceps, straight, 5'/ r inch 
Rochesfer-Carmalt h 

Mayo-Hegar or Glsen-Hegar needle holders, 


2 


cover tiie 


2 


2 


emostofs, curved, 7 T / 4 -inch 


4 


and the ends and then the sides 


are unfolded. Once the 


1 


drape has been opened, non sterile personnel should not 
reach over it. Mayo stands often are used in procedures that 

require additional instruments, such 
dally designed stand covers are available to 
tables. After the instrument pack has been opened ( 
p- 5), instruments should be positioned so that they 
readily retrieved. The layout generally is determined by the 
surgeon's preference, but grouping similar instruments 
(he., scissors, retractors) facilitates their use. Whenever a 
body cavity is opened, sponges should be counted at the 
beginning of the procedure (before the incision is made) 
and again before closure to ensure that none have been in¬ 
advertently left in the body cavity. Contaminated instru¬ 
ments or soiled sponges should not be placed back on the 
instrument table. 


BrowrvAdson tissue Forceps 
Allis tissue forceps, 5x6 teeth, 6-inch 
Bockhaus towel clamps, 5 F / 4 -inch 
Metzenbaum scissors, 

Mayo scissors, curved, 8-inch 

Suture scissors, sharp-blunt, straight, 5-inch 

Instrument tray 

Senn retractors 
Blade handle, No. 3 
Ovariohysterectomy "spay" hook 
Saline bowl 

Radiopaque sponges (4x4 inches) 


1 


4 


as bone plating- spe- 

cover these 


curved, 8-inch 


] 


1 


see 


1 


1 


2 


1 


1 


1 


20 


*For spaying, laparotomy, or wound repair. 


TABLE 8-3 


Suggestions for a Basic Orthopedic Pack 


INSTRUMENT 


QUANTITY 


Jacobs chuck and key 
Hohmann retractor 
Army-Navy retractor 
Periosteal elevator 
Wire twister 


1 


2 


2 


1 


1 


Medium pin cutter 


I 


Kern or Lane bone-holding forceps 
Reduction Forceps 

Orthopedic wire (18, 20, and 22 gauge) 
Kirschner wires 
Intramedullary pins 


2 


1 


1 each 

2 each size 

2 each 


* Augmented with 


genera! pack (see Table 8-2). 

















CHAPTER 
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Biomaterials, Suturing, 


and Hemostasis 


SUTURES AND SUTURE SELECTION 

Suture Characteristics 

The ideal suture is 


oi tissues, and they have less knot security (see below)* 
Braided materials have more drag than monofilament 
Hires* Braided materials often are coated to reduce capillar¬ 
ity (see below) and provide a smooth surface. Teflon, sili¬ 
cone, wax, paraffin-wax, and calcium stearate are used for 
coating sutures* 


easy lo handle, reacts minimally in tissue, 
inhibits bacterial growth, holds securely when knotted, re¬ 
sists shrinking in tissues, is 


noncapillary, nonallergenic, 

carcinogenic, and nonferromagnetic, and absorbs with min¬ 
imal reaction after lhe tissue has healed* 


Unfortunately, such 


Capillarity* Capillarity is the process by which fluid and 
bacteria are carried into the interstices of multEfilament 
fibers* Because neutrophils and macrophages are too large to 
enter the interstices of the fiber, infection 
ticularlv in nonabsorbable sutures. All braided materials 

illary; monofilament sutures are less capil- 
■ Coating reduces the capillarity of some sutures. Capil¬ 
lary suture materials should not be used in contaminated 
infected sites. 


an ideal suture does not exist, therefore 
choose a suture that most closely approximates the ideal for 
a given procedure and tissue to be sutured. A wide variety of 
suture and needle combinations are available. 


surgeons must 


may persist, par- 


Sufure sire. The smallest diameter suture that will ade¬ 
quately hold the mending wounded tissue should be used 
order to minimize trauma 


(e*g 


*, silk) a re cap 


as the suture is passed through 
the tissue and to reduce the amount of foreign material left 

in the wound. A suture need be no stronger than the sutured 
tissue. Suture volumes in relation to size are shown in Table 

9- 1. The most commonly used standard for suture size is the 
USP (United States Pharmacopeia), which denotes dimen¬ 
sions from fine to coarse according to 

10- 0 the smallest and 7 the largest. The USP uses different 
standards for 


or 


Knot tensile strength, Knot tensile strength is 
ured by the force (in pounds) that the suture strand 
withstand before it breaks when knotted* Sutures should be 


meas- 


ca n 


a numeric scale, with 


TABLE 9-1 


surgical gut and for other materials (Table 
9-2). The smaller the suture size, the less tensile strength it 
has. Stainless steel wire usually is sized 

k nr USP scale or by the Brown and Sharpe (B and S) wire 


Percentage Volumetric Reduction 
with Decreased Suture Size 


a ccord i ng to t he me t - 


USP 


£P 


PERCENTAGE 


Flexibility. The flexibility of suture 

torsional stiffness and diameter, which influence its handling 
and use. Flexible sutures 


is determined by its 


3 


6 


2 


5 


28 


are indicated for ligating vessels or 

performing continuous suture patterns. Less flexible sutures 

■ 

(e.g., wire) cannot be used to ligate small bleeders. Nylon 
and surgical gut arc relatively stiff compared with silk 
braided polyester sutures have intermediate stiffness. 

Surface characteristics and coating. The surface 
characteristics of a suture influence the ease with which it is 
pulled through tissues (i.e., the amount of friction 
“drag”) and the amount of trauma caused. Rough 
cause more injury than smooth sutures. Smooth surfaces 
particularly important in delicate tissues such as the eye. 
However, sutures with smooth surfaces also have disadvan¬ 
tages: they require greater tension to ensure good apposition 


I 


4 


33 


0 


3.5 


31 


2-0 


3 


27 


3-0 


2 


51 


suture; 


4-0 


1.5 


40 


5-0 


1 


49 


6-0 


0.7 


7-0 


0.5 


50 


8-0 


0.4 


44 


or 


9-0 


0.3 


sut ures 


10-0 


0.2 


50 


From Zederfeldt BH, Hunt TK: Wound closure: materials and tech 

niques, Wayne, NJ, 1990, Davis & Geek. 

USP, United States Pharmacopeia; EP, European Pharmacopeia, 
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TABLE 9-2 


Suture Sizes 


SYNTHETIC SUTURE 
MATERIALS (USP) 


BROWN AND SHARPE 

WIRE GAUGE 


ACTUAL SIZE (mm 


METRIC GAUGE 


SURGICAL GUT (USP 


0,02 


0,2 


10-0 


0,03 


0,3 


9-0 


0.04 


0.4 


8-0 


0.05 


0.5 


7-0 


8-0 


41 


0.07 


0.7 


6-0 


7-0 


38-40 


0.1 


1 


5-0 


6-0 


35 


0.15 


1.5 


4'0 


5-0 


32-34 


0.2 


2 


3-0 


4-0 


30 


0.3 


3 


2-0 


3-0 


28 


0.35 


3.5 


0 


2-0 


26 


0.4 


4 


1 


0 


25 


0.5 


5 


2 


1 


24 


0.6 


6 


3,4 


2 


22 


0.7 


7 


5 


3 


20 


0.8 


8 


6 


4 


19 


0.9 


9 


7 


18 


USP, United States Pharmacopeia. 


as strong as the normal tissue through which they are being 
placed; however, the tensile strength of the suture should not 
greatly exceed the tensile strength of the tissue. 

Relative knot security. Relative knot security is the 
holding capacity of a suture expressed as a percentage of Us 
tensile strength. The knot-holding capacity of a suture mate¬ 
rial is the strength required to untie or break a defined knot 
by loading the part of the suture that forms the loop, 
whereas the suture material's tensile strength is the strength 
required to break an untied fiber with a force applied in the 
d i recti on of its 1 engt h. 


time to loss of strength and for complete absorption vary 
among suture materials. 

Catgut (surgical gut). The word catgut is derived from 
the term kit gut or kitstring (the string used on a kit, or fid¬ 
dle). Misinterpretation ol the word kit as referring to a 
young cat led to the use of the term catgut. Surgical gut ac¬ 
tually is made from the submucosa of sheep intestine or the 
serosa of bovine intestine and is approximately 90% colla¬ 
gen, It is broken down by phagocytosis and, compared with 
other suture materials, elicits a marked inflammatory reac¬ 
tion, Plain surgical gut loses strength rapidly after tissue im¬ 
plantation, “Tanning" (cross-linking of collagen fibers), 
which occurs by exposure to chrome or aldehyde, slows ab¬ 
sorption. Surgical gut is available as plain, medium chromic, 
or chromic; increased tanning generally implies prolonged 
strength and reduced tissue reaction. Surgical gut is rapidly 
removed from infected sites or areas where it is exposed to 
digestive enzymes and is quickly degraded in catabolic pa¬ 
tients. The knots may loosen when wet. 

Synthetic absorbable materials. Synthetic ab¬ 
sorbable materials (e.g„ polyglycolic acid, polyglactin 910, 
palydioxanojie, polyglyeonate, and poliglecaprone 25) gener¬ 
ally are broken down by hydrolysis. Polyglycolic acid (Dexon) 
is braided from filaments extracted from glycolic acid. It loses 
35% of its tensile strength by 14 days and 65% by 21 days, 
Polyglycolic acid is available in both coated and uncoated 
forms, Polyglactin 910 (Vicryl) is a multifilament suture 
made of a copolymer of lactide and glycolide with polyglactin 
370. It is coated with calcium stearate. Its rate of loss of ten¬ 
sile strength is similar to that of polyglycolic add. Pol yd i ox- 
anone ( PE3S II) and polyglyeonate (Maxon) arc monofila¬ 
ment sutures that retain their tensile strength longer than 
polyglycolic acid or polyglactin 910, Polydi oxan on e suture 


Specific Suturing Materials 


Suture materials may be classified according to their behav¬ 
ior in tissue (absorbable or nonabsorbable), their structure 
(monofilament or multifilament), or their origin (synthetic, 
organic, or metallic). Monofilament sutures are made of a 


single strand of material. They have less tissue drag than 
multifilament sutures and do not have interstices that 


m ay 

harbor bacteria. Care should be used in handling monofila¬ 
ment sutures because nicking or damaging them with for¬ 
ceps or needle holders weakens them and predisposes them 
to breakage. Multifilament sutures consist of several strands 
of suture that arc twisted or braided together, Multifijament 
sutures generally are more pliable and flexible than monofil¬ 
ament sutures. They may be coated to reduce tissue drag and 
enhance handling characteristics (see above). 

Absorbable suture materials. Absorbable suture 


materials (e.g. 5 surgical gut, polyglycolic acid, polyglactin 
910, polydioxanone, polyglyeonate, and poliglecaprone 25) 
lose most of their tensile strength within 60 days and even¬ 
tually disappear from the tissue implantation site because 
they have been phagocytized or hydrolyzed (Table 9-3). The 
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PA RTI 


penetrability, density, elasticity, and thickness), the topogra¬ 
phy of the wound (e.g., deep or narrow), and the character- 

isti cs of th e nee die (i. e 
Needle strength, ductility, and sharpness are important fac¬ 
tors in determining the handling characteristics and use of a 
needle. The amount of angular deformation a needle can 
withstand before becoming permanently deformed is called 
surgical yield. Ductility is the needle’s resistance to breaking 
under a specified amount of bending. The sharpness of a 
needle is related to the angle of the point ( see below) and the 
taper ratio of the needle. The sharpest needles have a long, 
thin, tapered point with smooth cutting edges. Most surgical 
needles are made from stainless steel wire because it is 


14 days, 31% in 42 days, 


strength in 


has a 14% loss of tensile 


6 months. Calcinosis circum- 


and complete absorption in 
scripta has been associated with polydioxanone suture in 
dogs. Polyglactin 910 and polyglycolic acid are more rapidly 
hydrolyzed in alkaline environments but are relatively stable 
in contaminated wounds. Polyglycolic acid and polyglactin 

be rapidly degraded in infected urine; polydiox- 
and polvglyconate, however, maintain their tensile 


type of eye, length, and diameter). 


may 


anone 

strength when in contact with urine and therefore are rec¬ 
ommended for closing the urinary bladder. 

Absorbable suture materials cause minimal tissue reac¬ 


tion, and the times to loss of strength and to absorption are 

fairly constant in 
digestive enzymes does not significantly influence tbe rate of 

absorption of synthetic absorbable sutures. Poliglecaprone 

25 (Monocryl) is a new, 
undyed monofilament suture. Because it lacks stiffness, it 

has less memory and improved handling 
compared with some other synthetic absorbable sutures. Its 

initial tensile strength is high, which may allow the suture 
lected to be one or two sizes smaller than that which ordi¬ 
narily would be used (LaBagnara, 1995). 


different tissues. Infection or exposure to 


strong, corrosion free, and does not harbor bacteria. 

The three basic components of a needle are the attach- 

swaged or eyed end), the body, and the point 


ment end (i.e 

(Fig. 9-1, A). Eyed needles must be threaded and, because a 

double strand of suture is pulled through the tissue, a larger 

hole is created than when swaged suture material is used 

round, oblong, or square) 


pliable, synthetic absorbable, 


characteristics 


Eyed needles may be closed (i.e 
or French (i.e., with a slit from the inside of the eye to the 

end of the needle for ease of threading) (Fig. 9-1, B). Eyed 
needles are threaded from the inside curvature. With swaged 
sutures the needle and suture are a continuous unit, which 
minimizes tissue trauma and increases ease ot use. 

The needle body comes in a variety of shapes (Fig. 9-1, C); 

the tissue type and depth and the size of the wound determine 
the appropriate needle shape. Straight (Keith) needles gener¬ 
ally are used in accessible places where the needle can be ma¬ 
nipulated directly with the fingers (e.g., placement of purse- 
string sutures in the anus). Curved needles are manipulated 

with needle holders. The depth 

important when selecting the most appropriate curved 
die. One-fourth ( V A ) circle needles are primarily used in oph¬ 
thalmic procedures. Three-eighths (%) and one-half ( V 2 ) circle 
needles are the most commonly used surgical needles in vet- 

for abdominal closure). Three-eighths 


se 


Nonabsorbable Suture Materials 


Organic nonabsorbable materials. Silk is the most 
common organic nonabsorbable suture material used. It is a 

braided multifilament suture made by a special type ot silk- 

un coated or coated. Silk has excel- 

used in cardiovas- 


and is marketed as 


worm 

lent handling characteristics and often is 
culai procedures; however, it does not maintain significant 
tensile strength after 6 months and therefore is contraindi¬ 
cated for use in vascular grafts. It should also be avoided in 
contaminated sites; one silk suture may reduce the number 
of bacteria required to induce infection in a wound from It) 6 


and diameter of a wound are 


nee - 


to 10\ 


Synthetic nonabsorbable materials. Synthetic non- 

are marketed as 


erinary medicine (e.g 
circle needles are more easily manipulated than one-half cir¬ 
cle needles because they require less pronation and supination 
of the wrist. However, because of the larger arc of manipula¬ 
tion required, they are awkward to use in deep or inaccessible 
locations. A one-half circle or five-eighths (%) circle needle, 
despite requiring more pronation and supination ot the wrist, 
is easier to use in confined locations. 


absorbable suture materials (see Table 9-3} 


polyester or coated 


braided multifilament threads (e.g 
caprolactam) or monofilament threads (e.g., polypropylene, 

polyamide, polyolefins, or 


polybutester). They typically are 
and induce minimal tissue reaction. Nonabsorbable 


s t ron g 

suture materials, which consist of an inner core and an outer 


sheath (e.g., Supramid), should not be buried in tissues be¬ 
lli ey may predispose to infection and fist ul ati on. The 
outer sheath frequently is broken, which allows bacteria to 

reside under it. 

Metallic sutures. Stainless steel Is the metallic suture 

most commonly used. It is available as a monofilament or 
multifilament twisted wire. Tissue reaction to stainless steel 

minimal, but the knot ends evoke an inflamma¬ 
tory reaction. Stainless steel has a tendency to cut tissue and 
may fragment and migrate. It is stable in contaminated 
wounds and is the standard for judging knot security and 
tissue reaction to suture materials. 


ca use 


cutting, taper, reverse cutting, or 

side cutting) (Fig. 9-1, D) affects the sharpness of a needle 

which the needle is used. Cutting 

needles generally have two or three opposing cutting edges. 

They are designed to be used in 

penetrate, such as 

the third cutting edge is on the inside (i.e 
ture of the needle. The location of the inside cutting edge 

of tissue because it cuts toward the 


and the type of tissue in 


tissues that are difficult to 


skin. With conventional cutting needles, 

concave) curva- 


generally is 


may promote lL cut out 


edges of the wound or incision. Reverse cutting needles have 

convex) curvature of 


a third cutting edge on the outer (Le 
the needle; this makes them stronger than similarly sized 

conventional cutting needles and reduces ihe risk ol tissue 

cut out. Side cutting needles (i.e., spatula needles) are flat on 


Surgical Needles 

A variety of needle shapes and sizes are available; selection of 
a needle depends on the type of tissue to be sutured (e.g., 
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3. Regular cutting 


2. Tapercut 


1, Taperpotnt 


C 


Body 


Body 


Body 


_ 


Point 


Point 


Point 


6. Blunt point 


5. Spatula point 


4. Reverse cutting 


• « 


Body 


t ■ 

j . 

• » J 


Point 


Point 


FIG G-1 

A, Basic components of a needle. B f Types of eyed needles. C a 
shapes 


nd D , Needle body 




and sizes. 


material on wound healing, and the dimension and strength 
of the suture required. 

Abdominal closure. Monofilament sutures should be 

skin to prevent wicking or capillary transport of bac~ 
deeper tissues. Synthetic monofilament no nab- 

Prolene, Novafil, and Hluorofil) gener- 


used in ophthalmic 


generally are 


the top and bottom. They 
procedures. Taper needles (i.e., round needles) have a sharp 

tip that pierces and spreads tissues without cutting 

They generally are 
the intestine, subcutaneous tissues, or fascia. Taper-cut nee¬ 
dles, which are a combination of a reverse cutting edge tip 
and a taper point body, generally are used for suturing dense, 
tough fibrous tissue such as tendon and for some cardiovas¬ 
cular procedures, such as vascular grafts. Blunt-point needles 
have a rounded, blunt point that can dissect through triable 
tissue without cutting. They occasionally are used for sutur¬ 
ing soft, parenchymal organs such as the liver or kidney. 


used in 
teria to 

sorb able sutures (e, 
ally have good relative knot security and are relatively 

noncapillary. Some surgeons prefer polymerized caprolac¬ 
tam ( Supramid, Vetafil) for skin sutures because of its supe¬ 
rior handling characteristics; however, this suture should not 
be buried in deeper tissues. Absorbable sutures (e.g., PDS or 
Maxon) may be used in skin, but they should be removed 
because absorption requires contact with body fluids. Sub¬ 
cutaneous sutures are used to obliterate dead space and re¬ 
duce tension on skin edges; absorbable suture material (e.g 
PJ9S or Maxon) is preferred The rectus fascia may be closed 
with either an interrupted or a continuous suture pattern. 


used in easily penetrated tissues such as 




Suture Selection for Different Tissue Types 

Considerations for suture selection include the length of 
time the suture will be required to help strengthen the 

the risk of infection, the effect of the suture 
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Vetbond, and Nexabond. These adhesives rapidly 

of moisture and produce 


Tissueglue 

polymerize in the presence 

> flexible bond. Adhesion of the contact tissues gcner- 

minute (immediate bonding to 15 sec- 
be prolonged with excessive hemorrhage. 


suture materials are adequate; 


For the former, numerous 
however, suture that is rapidly removed (e.g 

atabolic patients. When a continuous 

mo n ofilam e nl suture 


a 


surgical gut) 


strong 


should be avoided in 


ally takes less than 


a 


is used, a strong 


suture pattern 

with good knot security should be used (e. 

Prolene, or Novafil). One size larger suture than would nor¬ 
mally be used is preferred for a continuous suture pattern. 
The knots should be tied carefully, and three or lour square 

knots (six or eight throws) should be placed. Absorbable 

Maxon) may be preferable, to prevent large 

of foreign material from remaining permanently in 


onds) but may 
Persistence of the glue in the dermis may result in granu¬ 
loma formation or dehiscence, and placement in an infected 

be associated with fistulation. No differences were 


, PDS, Maxon, 


site may 

found between Nexabond and Vetbond in wound closure af- 

nychectomy (Martinez, Hauptman, Walshaw, 
1993). A major indication for this type ot product in hu¬ 
mans is life-threatening bleeding that cannot be stopped by 
conventional means. Central nervous system indications in¬ 
clude embolization of abnormal vessels (e.g., arteriovenous 
fistulae) or highly vascular tumors before surgical resection. 
Nexabond and Vetbond have been combined with sutures 


su- 


I 


ter feline o 


lure (e.g., PDS or 


amounts 


the incision. 

Muscle and tendon. Muscle has poor holding power 

nonabsorbable su- 


and is difficult to suture. Absorbable or 

be used. Sutures placed parallel 


lure material may 

muscle fibers are likely to pull out. Suture material used tor 
tendon repair should be strong, nonabsorbable, and mini- 

reactive, Suturing with a taper 
less traumatic. The largest suture that will pass with 

through the tendon should be used 

Parenchymal organs and vessels. Parenchymal or 

gans, such as the liver, spleen, and kidneys, generally 
tured with absorbable monofilament sutuies l e.g., 

Maxon). Multifilament sutures should be avoided in areas of 
contamination, and sutures with increased drag (e.g., Dexon 
Vicryl) may tend to cut through tissues. Nonabsorbable 

should be used for vascular grafts. A 


for tendon repair. 


taper-cut needle gen 


or 


Adhesive Surgical Membranes 


mally 
erally is 




tapes designed tor wound 


Adhesive surgical membranes 

available; however, there have been few reports of 

. One study of the use of an 


or 


closure are 


i 


their use in veterinary patients 

adhesive polyurethane membrane for skin closure in 
found lb at it was quicker and easier to apply than sutures 

1989). It adhered strongly to skin and pro- 


are su 


or 


(Court, Bellenger 
vided adequate support. Histologically, wounds closed with 

characterized by milder 
vascular infiltration 


i 


or 


the polyurethane membrane 
inflammatory reactions and gieatei 

than in sutured wounds. 


we re 


suture (e.g., Prolene) 
special manufacturing process tapers the end of Prolene su- 

needle of similar diameter. 


allowing it to be swaged to a 


t u re 

which is advantageous for vascular anastomoses. 

Hollow viscus organs. Absorbable sutures gene talk 

are recommended in hollow viscus organs, 
chea, gastrointestinal tract, or bladder, to prevent tissue 
tention of foreign material once the wound is healed. Also, 


Staples and Ligating Clips 


Clips (e.g., Hemoclips or Ligadips) may be used for vessel 
ligation. They are particularly useful when the vessel is diffi- 

when several vessels must be ligated. How- 

not recommended for use on vessels 

, The vessel should be dis- 


such as the tra¬ 


re- 


cult to reach or 


i 


ever, ligating 
larg_ 

sected free of surrounding tissue before the clip is applied, 

of vessel should extend beyond the clip to 

third to two 




be caicuiogenic when placed 


s 


nonabsorbable suture maj 
the urinary bladder or gallbladder. Dexon suture rapidly dis- 

sterile urine (6 days) or infected 


in diameter 


solves when incubated in 


and 2 to 3 mm 

prevent slippage. The vessel should be one 

thirds the size of the clip. Staples (e.g., Michel clips, Proxt- 

used to appose wound edges or 

used for skin closure 


urine (3 days). 

Infected or contaminated wounds. If possible, su¬ 
tures should be avoided in highly contaminated oi infected 

the least-reactive nonabsorbable su- 

in tissues contaminated 


1 


mate Plus skin staples) are 
attach drapes to skin. When staples 

the staple must be appropriately 

removed by the animal, A special staple remover Lacik 

Approximation of linea albc 


wounds because even 
tyres elicit some degree of in lection in 
with either Escherichia coli or Staphylococci* 
filament nonabsorbable sutures (e.g., 


are 


bent so that it cannot be 


s aureus . Multi- 
or polyester) 

should not used in infected tissues because they potentiate 
infection and may fistulate. Absorbable suture material is 
preferred; however, surgical gut should be avoided because 
its absorption in infected tissue is unpredictable. Synthetic 
monofilament nylon and polypropylene sutures may 
less infection in contaminated tissue than metallic sutures. 


eas i 1 y 

ita te s cli p removal a fie r h e al in g, 

incisions with stainless steel fascial staples compares favor 

simple continuous pattern 

material, with regard to breakinj 
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ablv with closure with a 


po lyp ro pylene sut u re 

strength and clinical, histologic, and morphometric appear 

ah, 1993). Stainless steel staples 

thoracic anastomoses (e.g., pulmonar 

ight atrial tumor resection) and gastrointesti 


ar 


ance (Kirpensteijn et 
commonly used 

resection or ri 

nal anastomoses (see p, 375).. 
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OTHER BIOMATERIALS 

Tissue Adhesives 

Cyanoacrylates (e.g., N-butyl and isobutyl-2-cyanoacrylate) 

are commonly used tor tissue adhesion during some proce 
dures, such as dedawing, tail docking, and ear cropping. 
Products advocated for use in veterinary patients include 






Autologous Fibrin Glue 


biologic adhesive made oi fit 


Autologous fibrin glue is 

, factor Xlll, fibronectin, thrombin, apoprotmin, an 
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calcium chloride. It is made from the patients blood before 
surgery* in humans, uses of the glue include fixation ot skin 
grafts (he,, without sutures) and stabilization of gastroin¬ 
testinal and nerve anastomoses. It also has been used as a 
preclot material on vascular grafts and as a seal for sutured 
vascular anastomoses. There is limited experience with the 
use of fibrin glue in small animals. 

Surgical Mesh 

Surgical mesh may be used to repair hernias (e. 
hernias) or reinforce traumatized or devitalized tissues (ab¬ 
dominal hernias). Occasionally it is used to replace excised 
traumatized or neoplastic tissues (see p. 785), Surgical mesh 
is available in nonabsorbable forms (e.g., Mersilene (poly^ 
ester] fiber mesh and Prolene [polypropylene] mesh) or ab¬ 
sorbable forms (e.g., Vicryl [polyglactin 910] and Dexon 
'polygiycolic acid])* Although surgical mesh generally is 
elastic, it does not stretch significantly as the patient grows 
and thus should be used cautiously in immature patients. 
Fibrous tissue grows through the mesh interstices, 
sorbable mesh placed in contaminated wounds may extrude 
or fistulate and should be removed when the tissue has 
healed and the mesh is no longer required for support* A re¬ 
cent study determined that implantation of polypropylene 
mesh facilitated the reconstruction of large tissue defects 
and was not associated with any serious complications 
(Bowman, Birchard, Bright, 1998). 
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COMMON SUTURE TECHNIQUES 

Suture Patterns 


FIG 9-2 

Suture patterns* A, Subcutaneous. B, Subcuticular. 


Suture patterns can be classified as interrupted or continu¬ 
ous, by the way they appose tissues (e.g., appositionah 
everting, or inverting), or by which tissues they primarily 
appose (e.g., subcutaneous or subcuticular). Appositional 
sutures (e.g,, simple interrupted sutures) bring the tissue In 
dose approximation; everting sutures (e.g 
mattress sutures) turn the tissue edges outward, away from 
the patient and toward the surgeon. Inverting sutures (e.g 
Lembert, Connell, and Cushing sutures) turn tissue away 
from the surgeon, or toward the lumen of a hollow viscus 
organ. 

Subcutaneous and subcuticular patterns* Subcuta¬ 
neous sutures are placed to eliminate dead space and provide 
some apposition of skin so that less tension is placed on skin 
sutures (Fig. 9-2, A), Subcutaneous sutures generally 

a simple continuous manner; however; in some in¬ 
stances, such as when drainage might be necessary, simple 
interrupted sutures are preferable* Subcuticular closure may 
be used in place of skin sutures to reduce scarring or elimi¬ 
nate the need for suture removal in such cases as castration 
or a fractious patient. The suture is begun by burying the 
knot in the dermis (see below). Suture is advanced in the 
subcuticular tissue, but in contrast to a continuous subcuta¬ 
neous line, the bites are parallel to the long axis of the inci¬ 
sion (Fig. 9-2, B). The suture line is completed with a buried 
knot. Absorbable suture material is preferred tor subcuticu¬ 
lar suture patterns. 


Interrupted Suture Patterns 

Simple interrupted pattern# A simple interrupted su- 
made by inserting the needle through tissue on one 
side of an incision or wound, passing it to the opposite side, 
and tying (Fig, 9-3, A). The knot is offset so that it does not 
rest on the incision, and the ends of the suture are cut (for 
skin sutures, the ends are left long enough to allow them to 
be grasped during removal). The sutures should be placed 
approximately 2 to 3 mm away from the skin edge. Right- 
handed surgeons place sutures from right to left in a hori¬ 
zontal fashion; left-handed surgeons do the opposite. 

Simple interrupted sutures are easy and quick to place. 
They are appositional unless excessive tension is applied; 
then inversion may occur. Inversion of skin results in poor 
healing, therefore care should be taken to ensure that skin 
sutures are loose and the edges are apposed. The primary ad¬ 
vantage of simple interrupted sutures is that disruption of a 
single suture does not cause the entire suture line to fail. 
However, simple interrupted sutures take more time than 
continuous patterns and result in more foreign material 
(knots) in the wound. 

Horizontal mattress pattern# Horizontal mattress su¬ 
tures are placed by inserting the needle on the far side of the 
incision, passing it across the incision, and exiting it on the 
near side, as described for a simple interrupted suture (Fig. 
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FIO 9-3 

Interrupted suture patterns. A, Simple interrupted, B, Horizontal mattress. C, C 
D, Vertical mattress, E, Halsted. F, Gam bee. 


the mucosa to the muscularis before it crosses the incision 


9-3, B ). The needle is then advanced 6 to 8 mm along the in 


After crossing the incision it is introduced in the niuscu- 


cision and reintroduced through the skin on the near side. It 


laris and is continued through the mucosa to the lumen. 


then crosses the incision, exiting from the skin on the far side, 


The needle is then reintroduced through the mucosa and 


and the knot is tied. Horizontal mattress sutures generally are 


muscular is to exit from the serosal surface, and the suture 


used primarily in areas of 


separated by 4 to 5 mm. They are 
tension and can be placed rapidly; however, they often cause 


is tied, Gambee sutures reduce mucosal inversion and may 


reduce wicking of material from the intestinal lumen to 


tissue eversion. Care should be exercised to appose, rather 


the exterior. 


than evert, tissue margins, and the suture should be angled 


through the tissue so that it passes just below the dermis. 


Continuous Suture Patterns 


Mattress sutures can be modified to form a cross over or un- 


Simple continuous pattern, A simple continuous su¬ 
ture consists of a series of simple interrupted sutures with a 


der the incision (cruciate sutures) (Fig, 9-3, C) 


Vertical mattress pattern. To place a vertical mattress 


knot on either end; the suture is continuous between the 


suture, the needle is introduced approximately 8 to 10 


mm 


knots (Fig. 9-4, A), To begin a simple continuous suture line, 
a simple interrupted suture is placed and knotted, but only 
the end that is not attached to the needle is cut. The needle 


from the incision edge on one side, passed across the inci 


sion line, and exited at an equal distance on the opposite side 


is reversed and inserted through 


(Fig. 9-3, D). The needle 

the same side, approximately 4 mm from the skin 


is directed through skin perpendicular to the incision. 


skin on 


resulting suture line has a suture perpendicular to the inci¬ 
sion line below the tissue and advances forward above it If 


tied. Vertical mattress sutures are 


edge, and the knot is 

than horizontal mattress sutures when used in areas 


stronger 

of tension. Placement of vertical mattress sutures is relatively 


both the deep and superficial portions of the suture line ad 


the suture is called a running suture (Fig. 9-4, B). lo 


time-consuming, but eversion of the skin margins is less of a 


the needle end of the suture is tied 


end a continuous suture, 


problem than with horizontal mattress sutures. When two 
vertical mattress sutures are placed in a parallel fashion bc- 


to the last loop of suture that is exterior to the tissues. If an 


eyed needle is used, the needle is advanced through the tis- 
and the short end of the suture is grasped. A loop of su- 


fore they are tied, the pattern is known as a Halsted suture 


sue, 


(Fig. 9-3, Eh 


is pulled through with the needle, and this loop is tied 


are used in intes- 


Gambee pattern. Gambee sutures 


to the single end on the contralateral side. 


tinal surgery to reduce mucosal eversion. The suture is in¬ 
troduced as for a simple interrupted suture from the 


Simple continuous suture lines provide maximum tissue 


apposition and are relatively airtight and fluid tight com- 

of simple interrupted sutures. Simple 


through the muscularis and mucosa to the lumen 
(Fig. 9-3, F). It is then returned from the lumen through 


serosa 


pared with 


a series 
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FIG 9-4 

Continuous suture patterns. A, Simple continuous, B, Running, C, Ford interlocking 

suture line), D, Lembert. E, Connell F, Cushing. 
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placing continuous suture lines 
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Ford interlocking pattern. Ford interlocking sutures 


pose tissues better than a simple interrupted pattern. How 
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to remove. 
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closing the stump of hollow viscera (Fig. 9-4, G). It is seldom 
used because it causes excessive tissue inversion. 


Lembert pattern. A Lembert pattern is a variation of 

continuous fashion. It 


a 


vertical mattress pattern 
is an inverting pattern that often is 

The needle penetrates serosa and muscularis approxi 


m a 


used to close hollow vis 


Tendon Sutures 


cera. 

niately 8 to 10 mm from the incision edge and exits near the 
wound margin on the same side* After passing over the inci¬ 
sion, the needle penetrates approximately 3 to 4 mm from 
the wound margin and exits 8 to 10 mm away from the inci¬ 
sion. This pattern is repeated along the length of the incision 


Sutures may be used to approximate severed ends of a ten¬ 
don or to secure one end of a tendon to bone or muscle. 
Three-loop pulley suture. The three-loop pulley pat¬ 
tern is made with three loops oriented approximately 120 
degrees to each other* The initial loop is placed perpendicu¬ 
lar to the long axis of the tendon ends in a near-far fashion 
(Fig. 9-5). The second loop is placed in a plane 120 degrees 
from the first, at a point midway between the near and far 
positions. The final loop is placed in a far-near pattern 120 


Connell and Cushing patterns. These patterns fre¬ 
quently are used to close hollow organs, because they cause 
tissue inversion and provide a watertight seal The Connell 
and Cushing patterns are similar, except that a Connell pat¬ 
tern enters the lumen, whereas a Cushing pattern extends 

the submucosal area (Fig* 9-4, E and f ; ). The 

simple interrupted or vertical mattress 

advanced parallel to the incision and 


degrees from the first two sutures 


Bunnell suture. A modified Bunnell suture pattern 

severed tendons. The needle is 


may be used to appose 
passed from one side of the proximal end of the severed ten 

don and crossed diagonally across the tendon to the oppo 
site side, where it exits (see Fig, 9-5) 


suture 


only to 

line is begun with 

suture. The needle is 
introduced into the serosa, passing through the muscular 

and mucosal surfaces. From the deep surface (the lumen 

with a Connell suture), the needle is advanced parallel along 

the incision and returned through the tissues to the serosal 

surface. Once outside the viscera, the needle and suture are 

the incision and introduced at a point 


The suture is reintro- 


distal to the exit site and 


duced approximately 1 mm 
crossed diagonally to the other side of the tendon, where it 

exits from the severed end. It is introduced into the distal 

portion of the severed tendon from the cut end, and two 

cruciate sutures are placed* The suture exits at the severed 

end of the distal portion of the tendon and is reintroduced 

into the proximal tendon. The pattern 
portion of the tendon, with the suture exiting near the orig¬ 
inal entrance site. The tendon ends are apposed and the $u- 


passed across 

ponds to the exit point on the contralateral side. The su¬ 
ture is then repeated. The suture should cross the incision 
perpendicularly. When the suture is tightened, the incision 

modification of the 


cor- 


res 


repeated in this 


inverts. A Parker-Kerr suture is a 
Cushing and Lembert patterns that has been advocated for 


lure tightened. 


Far-neor 


Bunnell 


Three-loop 


pulley 


near- 


suture 


FIG 9-5 


Tendon sutures. 
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This pattern is used less often than in the past because it 
is difficult to place and may damage the tendon's microcir¬ 
culation, Ischemia resulting from the suture may cause the 
suture to pull out or may result in death of the tendon ends. 
The resultant gap must then be filled with fibrous tissue. 
Far-near-near-far suture, A far-near-near-far suture 
may he used in flat tendons. The needle is passed through 
the tendon perpendicular to and 5 mm from the severed ten¬ 
don end (see Fig. 9-5), The needle then enters the distal sec¬ 
tion of the severed tendon in the same vertical plane 2 mm 
from the tendon edge, ft is looped back to the proximal 
tion of tendon, where it enters 2 mm from the severed edge. 
The suture is again looped back to the distal section of ten¬ 
don to enter 5 mm from the severed tendon edge. The suture 
ends are pulled taut and tied with a surgeon s knot. This pat¬ 
tern minimally disrupts blood flow and provides good re¬ 
sistance to tension because all suture passes are in the same 
vertical plane. 

Knot Tying 

The knot is the weakest point of a suture. A knot consists 
of at least two throws laid on top of each other and tight¬ 
ened. The throws can be joined parallel, as in a square knot 
[Fig. 9-6), or crosswise, as in a granny knot (see Fig. 9-6), 
Correct knot-tying technique is important, because incor¬ 
rectly tied knots (e.g., tumbled knots or half-hitches [see 
Fig, 9-6] or granny knots) may lead to dehiscence. Factors 
that influence knot security are the material coefficient, the 
length of the cut ends, and the structural configuration of 
the knot. The most reliable configuration for a knot is su¬ 
perimposition of squared knots. A surgeon's knot (see Fig. 
9-6} cannot be tightened and stands only slight strain on 


the suture loop. Although it often 
sion, it generally is not recommended for use with coated 
or monofilament materials and should be avoided unless 
tissue tension is such that use of the standard square knot 
would result in poor tissue apposition. It should never be 
used to ligate vessels. 

A recent study of the effect of the knot-tying method on 
the structural properties of nonabsorbable suture materials 
used for extraarticular stabilization of joints recommended 
that a surgeons knot be avoided when using #2 polypropy¬ 
lene, 27-kg fishing line, or 27-kg leader material, because the 
knot reduced the stiffness of the suture (Huber, Egger, James, 
1999)* Conversely, damping the first throw of a square knot 
had no adverse effect on the acute properties of the sutures 
tested and actually increased the stiffness of leader material, 
Multifilament sutures generally have better knot-holding 
properties than monofilament materials; however, coating 
the suture to reduce drag reduces knot security. To avoid 
strangulating tissues, excessive tension should be avoided 
when tying knots (except when ligatures are applied for he¬ 
mostasis). Excessively tight skin sutures cause the patient 
discomfort and increase the likelihood that the animal will 
remove the sutures prematurely. 

Instrument ties. In veterinary medicine, instrument 
ties (Fig, 9-7) are more commonly used than hand ties be¬ 
cause there is less waste of suture. The first loop is made 
shown in Fig. 9-7, after which the suture should not be lifted 
or have uneven pressure applied to either end, or the throw 
will loosen. If one end is pulled with greater tension than the 
other, a half-hitch will form (see Fig. 9-6), Opposing suture 
ends should be pulled perpendicular to the long axis of the 
incision. Lifting one hand causes the suture to tumble, form¬ 
ing a sliding two half-hitch knot. Failure to correctly 
the hands results in a granny knot. 

Hand ties. Hand ties are particularly useful in confined 
or hard to reach areas or when sutures have been preplaced, 
as in a thoracotomy closure. 1 land ties generally require that 
suture ends be left longer than for an instrument tie. A one- 

handed or two-handed technique may be used. The two- 
handed technique generally allows better control and accu¬ 
racy; however, the one-handed technique is more useful in 
confined areas. Techniques for tying one-handed and two- 
handed knots are shown in Figs. 9-8 and 9-9, 

Burying the knot* The knots of subcutaneous and 
subcuticular suture patterns often are buried to reduce irri¬ 
tation caused by the knots rubbing against more superficial 
tissues. Fig. 9-10 presents a detailed description of this 
procedure. 

Suture Removal 

To prevent dehiscence, skin sutures generally should be 
moved once healing is sufficient; these sutures usually 
moved after 10 to 14 days. However, prolonged healing, such 
as in extremely debilitated animals, may require that the su¬ 
tures be left in place longer. Also, if fibrosis is desired (e.g., as 

an aural hematoma), delaying suture removal may be 
considered. 
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Types of knots. 
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FIG 9-8, cont'd 

One-handed square knot (right-handed). C, Flex the 
distal phalanx of the second finger 
and draw the left strand to the right of the right strand. 

Extend the Hp of the second finger so 
strand is drawn with it through the loop. D, Pull the right 
strand through the loop by the tips of the second and 
third fingers of your right hand. E, Crass your hands and 
apply even tension to the two strands. F, Place the index 
finger of your right hand between the right (black) and 
left (white) strands so that the left-hand strand forms a 
loop with the right. Flex the distal phalanx of your 
right index finger and (G) extend it to draw the right- 
hand strand through the loop, H, Pull the right strand 
through the bop and (I) apply even tension to complete 
the square knot, (Modified from Knecht CD et al: 
Fundamental techniques in veterinary surgery , ed 2, 

Philadelphia, 1981, WB Saunders.) 
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FIG 9-9 
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FIG 9-9, c«nt'd 

Two-handed square knot (right-handed). F, Return the suture to your rig 
(G) cross your hands and apply even tension to the suture ends. H, Place your left thumb 
between the two strands and make a loop with your right hand. 1, Place your left index 
finger through the loop and use it and your left thumb to grasp the left fwh/tej strand and 
(1) pull or push it through the loop. K, Pass the left strand from your left hand to your 
thumb and index finger after passing it through the loop and (L) apply even tension to the 
suture strands to tighten the square knot (Modified from: Knecht CD et at: Fundamental 
techniques in veterinary surgery ed 2, Philadelphia, 1981, WB Saunders.) 
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FIG 9-11 

To place a transfixation ligature on a vessel, introduce the 
die through the previously ligated tissue. Place a single 
throw in the suture on the near side, then tie the suture on 
the opposite side of the vessel 


nee 


thrombus has formed, the sponge should be gently removed 

to a voi d dis rupti ng cl ot s. 

Large vessels must be ligated. Double ligatures are 

mended for larger vessels, particularly arteries. Transfixation 
ligatures (Fig. 9-11) may be indicated for larger 
prevent the ligature from slipping off the vessel end. Using 
the smallest suture possible for vessel ligation improves knot 
security. A surgeon s throw should not be used tor vessel lig¬ 
ation (see above). 


recom- 




FIG 9-10 

A, To bury a simple interrupted suture, introduce the needle 
deep in the far subcutaneous tissue and pass it toward the 

Then pass it across the incision line and reintroduce 
it in the near subcutaneous tissues at the dermis, exiting 
deep in the incision line. B, To bur 

continuous suture line, lift a loop o 
ine, introduce the needle from deep to superficial 
side, pass It across the incision, and insert it from 
to deep in the tissue near the loop. 


Electrocoagulation 


Electrocoagulation, or vascular coagulation, 
for hemostasis. It generally is used in vessels less than 1.5 to 2 
mm in diameter; larger vessels should be ligated (see above). 
The term electrocautery often is used erroneously to mean 
electrocoagulation. With electro cautery, the needle lip or 

applied to the tissue, whereas with 


dermis. 


a knot at the end of a 
suture from the incision 


7 


on one 


aa 


scalpel is heated before it is 
electrocoagulation, heat is generated in 
frequency current is passed through it. Excessive use of elec¬ 
trocautery or electrocoagulation retards healing. Electrocoag¬ 
ulation may be done with monopolar or bipolar devices. 

Monopolar coagulation. Monopolar coagulation is 
the most commonly used method of electrocoagulation. It 
involves the flow of current from an active electrode (hand- 
piece) through the patient to a ground plate. The small sur¬ 
face area of the handpiece concentrates the current density, 
increasing the temperature of the contact tissue and causing 
coagulation. The larger surface area ot the ground plate re¬ 
duces the current density so that minimal tissue heating oc¬ 
curs. Good contact of the ground 

sential to prevent thermoelectric burns; conduction gel 
usually is placed on the ground plate to enhance contact. 


the tissue as a hlgh- 


HEMOSTATIC TECHNIQUES 

AND MATERIALS 


complex process that involves platelet acti- 


Hemo stasis is a 
vation and circulating clotting factors. Numerous diseases or 

conditions may interfere with clotting in surgical patients. 
The reader is referred to a veterinary medicine text for an in- 
depth discussion of normal dotting and alterations 
ting caused by disease. Obtaining hemostasis allows appro¬ 
priate visualization of tissues during the procedure and 
prevents life-threatening hemorrhage. Low-pressure hemor¬ 
rhage from small vessels can be controlled by applying pres¬ 
sure to the bleeding points with gauze sponges. Once a 
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The tip of the handpiece generally is touched to a hemostat 
that has been applied to the bleeding vessel. Direct applica¬ 
tion of the handpiece tip to tissue is usually avoided, Fulgu- 
ration may be indicated in some procedures, such as repair 
of perianal fistulae. Figuration is the destruction of living 
tissue using electric sparks generated by high-frequency cur¬ 
rent, The electrode is held near the tissue hut not in direct 
contact with it, so that a spark of current arcs from the elec¬ 
trode to the patient. With monopolar coagulation, the field 
m us t be rel at i ve ly d ry a n d the el ectro d e ke p t elean and fre e 
of debris. 

Bipolar coagulation. Bipolar coagulation involves the 
use of a forcepslike handpiece. Current passes from one tip 
through the tissue being held between the forceps to the op¬ 
posite tip. The tips must be held approximately l mm apart 
for a current to be generated. Bipolar coagulation is used 
when precise coagulation is necessary to avoid damage to 
adjacent structures, such as in thyroidectomy or ophthalmic 
procedures, 

Hemostatic Agents 

Substances available to control hemorrhage during surgery 
include bone wax and hemostatic materials made of gelatin or 
cellulose. Bone wax is a sterile mixture of semisynthetic 
beeswax and a softening agent (i.e., isopropyl pal mi fate). It 
may be pressed into cavities in bone (e 
foramen} or applied to the bone surface to inhibit bleeding. It 
is poorly resorbed and should be used sparingly because it 
may act as a physical barrier to healing and promote infection. 

Surgicel is made of oxidized regenerated cellulose. When 
saturated with blood, it becomes a gelatinous mass that pro¬ 
vides a substrate for clot formation. It can be cut to the de¬ 
sired size and placed on an area of hemorrhage. Surgicel is 
absorbed by the body, but removal is recommended because 
it may inhibit callus formation and promote infection. It is 
not activated by tissue fluids other than blood and therefore 
should be used only at sites of hemorrhage. Gelfoam is an 
absorbable gelatin sponge that can be used in a similar fash¬ 
ion to Surgicel. When applied to an area of hemorrhage, 
Gelfoam swells and exerts pressure on the wound; absorp¬ 
tion occurs over 4 to 6 weeks. Gelfoam may cause granuloma 
formation and should not be left in infected sites, the brain, 
or areas with a high risk of infection. 
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CHAPTER 


10 


Surgical Infections and 


Antibiotic Selection 


i lie golden age of modern antibiotic therapy began with the 
discovery and mass production of penicillin in 1941, Since 
then, many potentially fatal infections have been prevented 
through the use of antibiotics; however, these drugs 

only misused. Ihe widespread use of prophylactic antibi- 
otics in surgical patients has resulted in deemphasis of sur¬ 
gical asepsis and the development of antibiotic-resistant 
bacteria* The accumulation of resistant bacteria 


wound debridement, drainage, or removal of foreign mate¬ 
rial to achieve a successful outcome. 


MECHANISMS OF ANTIBIOTIC ACTION 


are com- 


m 


Antibiotics that inhibit bacterial growth are bacteriostatic; 
those that kill bacteria are bactericidal The distinction be¬ 
tween bactericidal and bacteriostatic classifications of 

tibiotics is relative and depends on the ratio between the 
MBC (minimum bactericidal concentration) and the MIC 
(minimum inhibitory concentration). The MIC, generally 
expressed in micrograms per milliliter (pg/ml), is the low¬ 
est concentration of a drug that inhibits visible bacterial 
growth; it is the concentration necessary to inhibit bacter¬ 
ial growth in the patient’s plasma or tissues* The MBC is 
the lowest concentration that kills 99.9% of bacteria in 
plasma or tissues. Antibiotics with a small MBC to MIC 
fio (le* s less than 4) are classified as bactericidal because 
plasma and tissue levels that kill 99,9% of the bacteria typ¬ 
ically are achieved* Conversely, with drugs that have a large 
MBC to MIC ratio, it may be difficult to achieve plasma 

tissue levels that kill bacteria; L such drugs are considered 
bacteriostatic. 


an- 


in hospitals 

and the associated increase in bacterial infections have been 

accentuated by prolonged, extensive surgical procedures, in¬ 
creased invasive ness of supportive 

tal stays, increased survival of geriatric and debilitated 
tients, and use ot immunosuppressive drugs. 

Antibiotic selection often 




lengthy hospi 


measures, 


pa¬ 


is based on preconceived bias 
and tradition rather than on identified or expected bacterial 

flora. Antibiotic therapy may be prophylactic or therapeutic 
in nature* Prophylactic antibiotic therapy should be used 
only when indicated by a likelihood of infection or when in¬ 
fection would be catastrophic; selection of the antibiotic 
should be based on expected bacterial flora in the targeted 
tissue, Selection of a therapeutic antibiotic ideally is based 
on culture and sensitivity results. However, this often is not 
possible, and the initial selection is based on expected flora, 
with a subsequent change in antibiotics, if necessary, based 

on the clinical response or culture and sensitivity results* In- 
app ro pri ate u se mav ren der antibiotics ineffe c tive 


ra- 


or 


The antibiotic dose must kill bacteria without harming 
the host. When the dose required to kill bacteria is greater 
than can be tolerated by the host or achieved in the plasma 

and tissues, the bacteria are considered 
drug. Because the distribution of antibiotics in body tis¬ 
sues varies, culture and sensitivity results may be mis¬ 
leading. For example, a urinary tract infection that i 
“marginally sensitive” to a particular antibiotic, based 
sensitivity testing, may be successfully treated if the 
tibiotic is concentrated in urine. Conversely, if the infec¬ 
tion involves the central nervous system (CMS) and the 
particular antibiotic does not penetrate the blood-brain 

barrier, treatment is unlikely to succeed. An effective 
tibiotic is 

hibits 


or may re¬ 
sult in serious morbidity and mortality from toxicity or the 

development of resistant microbes. 


resistant” to that 


Bacterial survival in a host depends on the virulence of 
the bacteria, bacterial numbers, host immune competence, 
and wound factors that deactivate host defenses (e.g., pres¬ 
ence of blood clots, ischemic tissue, pockets of fluid, or for¬ 
eign material). Successful antibiotic therapy requires red 
tion of bacterial numbers to the point where the host 
defenses are effective. With competent host defenses, bacte¬ 
riostatic agents that slow protein synthesis or prevent bacte- 
iia] replication are adequate (see below). However, when the 
host defenses have been compromised, either directly or be¬ 
cause of deleterious wound factors, bactericidal antibiotics 
may be required. In addition to use of the appropriate 

tibiotics, wound I actors may need to be corrected through 


is 


on 


a n - 


LLC- 


an- 


one that reaches the target tissue and then in- 

or kills the microorganism. 

Antibiotics typically 


are classified according to their 
mechanism of action. They may destroy or alter the bacter¬ 
ial cell wall or inhibit its synthesis, or inhibit protein or de¬ 
oxyribonucleic acid (DNA) synthesis. 


an- 
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Destruction of Bacterial Cell Walls 

One group of antibiotics inhibits synthesis or promotes 
destruction of bacterial cell walls. This group includes the 
p-lactam ring antibiotics (e.g., penicillins, cephalosporins, 
carbapenems, and monobactams), vancomycin, bacitracin, 
polymyxin, and the antifungal drugs nystatin, amphotericin 
B, and the imidazoles. [3-Lactams function by binding to the 
cell wall, reducing its strength and rigidity, and affecting cell 
division and growth. (3-Lactam antibiotics tend to be bac¬ 
tericidal. Penicillins are effective against gram-positive 
obes and gram-positive and gram-negative anaerobes, but 
some are inactivated by bacterial penicillinases (a type of 
(3-lactamase ], while some bacteria, such as methiciilin- 
resistant staphylococci, are impermeable to them. Penicilli¬ 
nase inhibitors (e.g., clavulanic acid) maybe combined with 
penicillins (e.g„ amoxicillin or ticarciilin plus clavulanic 
acid} to enhance their activity. 

The cephalosporins (Table 10-1) are more effective than 
penicillins against gram-negative rods (e.g., Enterobacteri- 
aceaej, hut may be inactivated by cepfaalosporinases (a type 
of p-laetamase). Most are poorly effective against anaerobes 
(cefoxitin is an exception). First-generation cephalosporins 
are effective against most gram-positive and some gram¬ 
negative organisms. Second-generation cephalosporins have 
greater activity against gram-negative bacteria and anaerobes 
but have no additional efficacy against gram-positive organ¬ 
isms. Third-generation cephalosporins are highly effective 
against more than 90% of gram-negative bacteria, but they 
often are less active against gram-positive organisms than 
first-generation cephalosporins. Some third-generation 
cephalosporins have specific gram-negative spectra, Ce- 
fepime (Maxipime) is a fourth-generation cephalosporin that 
is unique among the cephalosporins because of its broad 
spectrum of activity, which includes gram-positive cocci, en¬ 
teric gram-negative bacilli, and Pseudomonas aeruginosa. 

Imipenem (Table 10-2) and aztreonarn arc newer 
(3-lactam antibiotics that are highly resistant to (3-lactamases. 
They are as effective against gram-negative organisms as 
aminoglycosides but are not nephrotoxic, Imipenem (a car- 
bapenem) has the broadest antibacterial spectrum of any sys¬ 
temic antimicrobial and is effective against most clinically 
relevant bacterial species, including gram-negative and 
gram-positive anaerobes and aerobes. It is not active against 
methicillin-resistant staphylococci or resistant strains of Ente¬ 
rococcus faecium (Papich, 1998), Imipenem should be used 
only for severely ill patients who fail to respond to other an¬ 
tibiotics. Its broad spectrum of activity is likely to encourage 
abuse, resulting in the emergence of resistant bacteria. Aztre- 

a synthetic monobactam, is unaffected by bacterial 
|3 - lac tam ase. It is highly effective against many gram-negative 
aerobes but has little activity against anaerobes. It has no activ¬ 
ity against gram-positive bacteria and must be used in combi¬ 
nation with other drugs to achieve broad-spectrum activity'. 

Inhibition of Protein Synthesis 

Chloramphenicol, tetracycline, erythromycin, and clinda¬ 
mycin bind to bacterial ribosomes, causing reversible Inhibi¬ 


tion of protein synthesis. Chloramphenicol has broad- 
spectrum activity against streptococci, staphylococci, 
Brucella spp,, Pasteur el la spp., and anaerobes; its activity 
against Pseudomonas spp, is poor. Chloramphenicol is highly 
lipophilic and readily enters cells, the central nervous sys¬ 
tem, and the eye. The drug may cause idiosyncratic, fatal 
anemia in humans, but dogs and cats usually experience 
only a mild, transient anemia, if that Oral chloramphenicol 
was taken off the market for a time, but currently both the 
injectable and the oral forms are available. 

The tetracyclines are effective against many gram-positive 
and gram-negative bacteria. Chlamydia spp., rickettsia, 
spirochetes, Mycoplasma spp., bacterial L-forms, and some 
protozoa. They usually are ineffective against staphylococci, 
enterococci, Pseudomonas spp,, and Enterobacteriaceae. 
Tetracyclines are distributed well to most tissues, although 
not to the central nervous system, and they achieve good in¬ 
tracellular concentrations. Products containing calcium 
chelate tetracyclines and interfere with oral absorption. 
Binding of the drugs to calcium can be a problem in young 
or pregnant animals, and tooth discoloration and inhibited 
bone growth can occur. 

Erythromycin is readily absorbed from the upper gas¬ 
trointestinal system and diffuses well throughout most tis¬ 
sues; however, it has a narrow' spectrum of activity and may 
be associated with nausea and vomiting. New 7 derivatives in¬ 
clude clarithromycin (Biaxin), azithromycin (Zithromax) 
and dirithromyrin (Dynabae). Azithromycin (see Table 
10-2) is active against aerobic bacteria, such as staphylococci 
and streptococci, and anaerobes. It also has good activity 
against Mycoplasma spp. and intracellular organisms such as 
Bartonella spp., Toxoplasma spp., and mycobacteria. Oral ab¬ 
sorption of azithromycin is high, and it is well tolerated. The 
drug achieves extremely high tissue concentrations and 
needs to be given only once daily. 

Clindamycin, a semisynthetic derivative of lincomycin, 
has a limited spectrum of activity compared w r ith erythro¬ 
mycin. It is active against gram-positive pathogens, includ¬ 
ing staphylococci, streptococci, Clostridia, several Actino¬ 
myces spp.> and some Nocardia spp., and it is extremely 
effective against many anaerobic bacteria. Clindamycin often 
is used to treat infections resistant to penicillins and eryth¬ 
romycin or in patients that cannot tolerate those drugs. It is 
effective against staphylococcal osteomyelitis but ineffective 
against gram-negative bacteria. 

The aminoglycosides (e.g., amikacin, gentamicin, kana- 
mycin, neomycin, netilmycin, and tobramycin) also disrupt 

bacterial ribo somes 
are bactericidal. They are effective against gram-negative 
and gram-positive bacteria, including Enterobacteriaceae and 
pseudo monads, and have a synergistic effect with p-lactam 
antibiotics. Their activity is reduced in necrotic tissue because 
of free nucleic acid material. Anaerobes are resistant to amino¬ 
glycosides because they lack the receptor necessary for trans¬ 
port into the bacterial cell. Aminoglycosides are polar and 
therefore lipid insoluble, which means they have limited 
distribution in the extracellular and cerebrospinal fluids. 


protein synthesis but bind irreversibly to 
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TABLE 10-2 


Dosages of New or Commonly Used Antibiotics in Veterinary Medicine 


GENERIC AND TRADE NAMES 


DOSAGE 


Dogs: 3.3 mg/kg; PO; sid for 3-5 days 
Cats: 5 mg/kg; PO; eod for 3-5 days 
7-10 mg/kg; IV, SC, or IM; sid (preferably in the 
1 5-20 mg/kg; IV, SC, or IM; sid [preferably in the morning] 

3-10 mg/kg; IV* or IMf; tid or qid 
Urinary tract infection: 2.5 mg/kg; 

Deep tissue infection: 1 0-20 mg/kg; IV, IM, SC, PO; sfd 
Septicemia: 30 mg/kg; IV; sid 

5-10 mg/kg; PO; sid (use higher dose for organisms with higher MIC] 

2, 5-7,5 mg/kg; PO; sid (use higher dose for organisms with higher MIC) 

g; IV; qid (Infuse over 30-60 minutes) 

Cats: 15 mg/kg; IV; bid or tid (infuse over 30-60 minutes) 


Azithromycin (Zithromax) 

Gentamicin (Gentoein) 
Amikacin (Amiglyde-V) 
Imipenem-cilastatin (Primaxin] 
Enrafloxacin (Baytriljf 


mornir 


tV, IM, SC, PO; bid 


Difloxacin (DicuroE) 

Grbifloxacin [Orbax] 

Vancomycin [Vancocin, Voncoled) 


Dogs: 1 5 mg 


*For infusion fimipenem-cilastattn infection), administer over 20-30 
fFor IM injection (suspension], reconstitute with 1% lidocaine. 
fWhen given IV, enrafloxacin is typically diluted and given over 1 0 to 20 minutes. Recent reports suggest that enrafloxacin may be associated 
with blindness in cats when doses greater than 5 mg/kg ore used. It can be given as a single IV injection daily. 

PO, Oral; sid, once □ day; eod, every other day; iV f intravenous; SC, subcutaneous; IM, intramuscular; bid, twice a day; tid, three times a day; 
MIC, minimum inhibitory concentration; qid, four times a day. 


distribution into the pleural fluid, bone, joints, and 


However, 

peritoneal cavity is good. None of the aminoglycosides are 
well absorbed orally. They are 'concentration dependent" 
rather than "time dependent/ meaning that they can be given 
at higher doses at longer intervals (e.g., once daily), a dosing 
schedule that maintains effectiveness but reduces renal toxic- 


the target tissue (see Table 10-2). Although the develop¬ 
ment of resistance to fluoroquinolones initially was con¬ 
sidered unlikely, some pseudomonads, Escherichia coli and 
Enterococcus and Staphylococcus spp. have become resist¬ 
ant. In one human hospital, 80% of met hie ill in-resist ant 

staphylococci developed resistance to ciprofloxacin within 
1 year of its introduction in patients. Indiscriminate use 
probably will continue the development of resistant 
strains. Possible side effects include vomiting, CNS effects 
in animals of all ages, and cartilage lesions in developing 
animals. Marbofloxacin has a broad spectrum of activity 
against the major pathogens encountered in surgical in¬ 
fections. It is safe in dogs, and a single IV injection of 2 

to 4 mg/kg maintains plasma concentrations above the 
MIC for Enterobacteriaceae and staphylococci for 12 to 
24 hours. 

Trimethoprim-sulfonamide combinations are effective 
for the treatment of osteomyelitis, prostatitis, pneumonia, 
tracheobronchitis, pyoderma, and urinary tract infections. 
These combination drugs are bactericidal and function by 
inhibiting sequential steps in folate synthesis. Also, combi¬ 
nation therapy is less likely to result in the development of 
resistant strains. Trimethoprim-sulfonamide combinations 
have a broad spectrum of activity, including most strepto¬ 
cocci, many staphylococci, and Nomrdia spp* They have 

relatively little activity against anaerobes and none against 
pseudomonads. Possible side effects include keratocon¬ 
junctivitis sicca, thrombocytopenia, anemia, bone marrow 
suppression, vomiting, hypersensitivity (i.e., vasculitis or 
arthritis}, and hepatic disease. Some breeds, such as Dober¬ 
man pinschers and rottweilers, and some families of dogs 

seem more likely to suffer side effects. 


itv. Dehydration, electrolyte loss, and preexisting renal disease 
increase the nephrotoxicity of aminoglycosides* Ototoxicosis 
and neuromuscular blockade are other possible adverse ef¬ 
fects. To reduce the emergence of resistance to these drugs, 
they should be coadministered with a p-lactam antibiotic. 
However, to prevent degradation of the aminoglycoside, the 
p-lactam drug should not be mixed in the same syringe, vial, 
or intravenous (IV) line. 


Inhibition of DNA Synthesis 

Fluoroquinolones (e.g., enrafloxacin, difloxacin, cipro¬ 
floxacin, ofloxacin, marbofloxacin) (see fable 10-2) and 
potentiated sulfas (e.g,, trimethoprim-sulfa) 

synthesis. Fluoroquinolones inactivate DNA gyrase, pre¬ 
venting uncoiling of the DNA molecule during DNA 
replication and transcription to messenger ribonucleic 
acid (mRNA), They are rapidly bactericidal and are effec¬ 
tive for soft tissue infections, pneumonia, osteomyelitis, 
and urinary tract infections caused by gram-negative or¬ 
ganisms and staphylococci. They also are effective against 
Rickettsia rkkettsii and possibly l-form bacteria but are 
variably effective against gram-positive cocci, especially 
enterococci (except staphylococci) and anaerobic bacteria. 
An additional reported advantage is activity against 

Pseudomonas aeruginosa f but recent reports suggest that 
higher than recommended doses are required to achieve 
this effect. The dose of enrafloxacin varies depending on 


inhibit DNA 
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PART I 


is for comparison between types of wounds and between 

institutions. Although this scheme is helpful, there is 
overlap and inconsistency between and within groups. The 
overall infection rate for all types of surgical wounds is ap¬ 
proximately 5%. Further classification of surgical wounds by 
degree of contamination results in significant differences in 
infection rates. 

Clean wounds (see Table 10-3) have a published infection 
rate that varies from zero to 4.4%. In this category, wounds 
most likely to result in postoperative infection are those as¬ 
sociated with severe trauma with multiple fractures, trau¬ 
matic procedures (i.e., carpal arthrodesis), or fractures of the 
distal radius or tibia that require plating. It has been com¬ 
monly believed that antibiotic prophylaxis does not reduce 
the infection rate except when surgery is performed by stu- 

when the procedure lasts longer than 90 minutes. 
However, a recent study determined that perioperative ad¬ 
ministration of antimicrobials effectively reduced the post¬ 
operative infection rate in dogs undergoing elective ortho- 

(Whittem et al„ 1999). In this study the 


CAUSES OF ANTIBIOTIC FAILURE 
AND MECHANISMS OF ANTIBIOTIC 
RESISTANCE 


some 


Successful antibiotic drug therapy is based on administering 

dose to the site of infection so that the bac- 


the appropriate 
teria there are killed or suppressed sufficiently to allow the 

patient's immune system to control the infection. Factors 

that contribute to antibiotic failure include inappropriate 

suboptimal), frequency, or route of 


dose (he., excessive or 
administration; inadequate length of treatment; inappropri- 

not based on culture and sensi- 


ate antibiotic selection (i.e 
tivity results); inability of the antibiotic to alleviate the cause 

of infection (i.e., foreign body 
antibiotic to reach the target tissue in sufficient dosages (e.g., 

the blood-brain barrier); antibiot ic resistance by bacte- 


implant); inability of the 


or 


cross 


ria (see below); depressed host immunity (i.e., concurrent 

debilitating illness); pharmacokinetics of the drug; 
drug reactions; antibiotic antagonism; and incorrect diag- 

viral diseases or foreign bodies). 

Antibiotic resistance may be the result of enzymatic de- 

some bacteria produce 


or 


noses (i.e 


surgery 

antibiotics (penicillin G or eefazolin) were given within a 30- 
minute period before the first surgical incision and repeated 

every 90 minutes until surgery 

not continued after the procedure was finished. 
Another study showed no significant difference in the in¬ 
fection rate between animals with clean wounds that re¬ 
ceived appropriate perioperative antibiotic prophylaxis and 
those that received no antibiotic prophylaxis (Brown et ah, 
1997). Is this study, perioperative prophylaxis consisted of 
initiation of the drug less than 2 hours before surgery and 
discontinuation less than 24 hours after the procedure. 
However, the same study noted that animals that received 
antibiotics that were not given according to the aforemen¬ 
tioned prophylaxis protocol, as well as 

ly postoperative antibiotics, had a higher rate of infection 

that did not receive any antibiotics. This un¬ 
derscores the importance of using prophylactic antibiotics 


struction of the antibiotic (e.g 
p-lactamases, which inhibit |3-lactam drugs), alteration of 
bacterial permeability to the antibiotic (e.g., streptococci 

aminoglycosides, 

if a cell wall-active drug is used si- 


complete. Antibiotics 


was 


natural permeability barrier to 


we re 


a 


may be overcome 

multaneously), alteration of the structural target 

tibiotic (e.g., resistance 
through alteration of the protein composition of the bacter¬ 
ial ribosome that serves as the receptor in susceptible organ- 

development of alternative metabolic pathways 


w 


for the an- 


to aminoglycosides can develop 


isms), or 

that bypass the reaction antagonized by the particular 
antibiotic. 


those that received 


SURGICAL INFECTIONS 

Classification of Surgical Wounds 


on 


than the gro up 


Surgical wounds are classified by degree of contamination to 
help predict the likelihood that infection will develop. Bacte¬ 
rial infection is defined as having more than 10- bacteria per 

of tissue. The classification scheme was developed by 


correctly. 

Glean-contaminated wounds (see Table 10-3) are iden¬ 
tified when nonsterOe luminal organs are entered without 


gram 

the National Research Council (Table 10-3) to provide a ba 


TABLE 10-3 


Wound Classification System 


description ___ 

Nontraumatic, noninflam tried operative wounds 
nary, and oropharyngeal tracts are not entered 

Operative wounds in which the respiratory gastrointestinal, or genitourinary tract . 

controlled conditions without unusual contamination; an otherwise clean wound in which a drain is 

Traumatic wounds without purulent discharge; procedures in which gastrointestinal contents or infected 

is spilled or a major break in aseptic technique occurs 
Traumatic wounds with purulent discharge, devitalized tissues, 

perforated or fecal contamination occurs 


CLASSIFICATION 


which the respiratory gastrointestinal, gemtouri- 


m 


Cleon 


is entered under 


C lea n-co nta m i noted 


Contaminated 


foreign bodies; procedures in whi 


or 


Dirty 


a viscus is 


* Notional Research Council, Division of Medical Sciences., 
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significant spillage ot contents- Included in this 
are procedures in which 

ntque occurs, such as perforation of a surgical glove. The 
published Infection rate for this type of surgical wound is 
4,5% to 9.3%; clean-contaminated fractures of the pelvis 
and long bones become infected most frequently. Antimi¬ 
crobial prophylaxis is indicated in dean-contaminated 
wounds, and the choice of antibiotic 
pated flora. 

Contaminated wounds (see Table 10-3) have a pub 
lished infection rate that varies from 5.8% to 28.6%; 
taminated fractures of long bones and the pelvis and 
laminated urogenital procedures most frequently become 
infected. Antibiotic prophylaxis 
nated wounds, and drug selection is 

ticipated bacterial flora and modified according to culture 
and sensitivity results. These wounds 

initially but have the potential to become so. The fate of 

contaminated wounds can be markedly altered by early 

management. Delicate debridement, copious lavage, and 

antibiotic therapy can convert these wounds to clean 

whereas inadequate therapy often results in a dirty, infected 
wound. 


gical technique 


ca tegory 
a minor break in aseptic tech- 


copious wound lavage, closure of dead 
space, and appropriate antibiotic prophylaxis. 

Infection may be a complication of support procedures, 
particularly when extensive support procedures 
loaned in debilitated, traumatized. 


are per- 
o r i m m un o co m pro - 

niised patients. Intravenous catheters maybe associated with 
sepsis thaL persists until the catheters are removed. Patients 
with prolonged intravenous catheterization should be 
itored carefully for infection. Cephalic catheters typically 
should be changed every 48 to 72 hours, although jugular 
catheters often last for 7 to 10 days If managed properly. Uri¬ 
nary catheters are a common source of infection in periop- 

patients. Patients with indwelling urinary catheters 
are not protected from infection by systemic antibiotics. In¬ 
dwelling urinary catheters should be connected to closed 
drainage systems to help prevent ascending infection. Pro¬ 
longed endotracheal intubation promotes the development 
of infection through the presence of a foreign body, disrup¬ 
tion of the mucociliary apparatus, and disruption of an ef¬ 
fective cough reflex. 

Prosthetic implants are foreign substances used to 


is 


on an 


; con- 
con- 


erative 


is indicated for containi 


based initially on an- 


are not infected 


ones, 


sup¬ 
port, rebuild, or in some fashion mimic the function of an 

anatomic structure (i.e., total hip replacement, polypropy¬ 
lene mesh, n o n ab so r bab I e 


Dirty wounds (see Table 10-3) are those in which 
infection is 


gross 


suture, vascular prostheses, 
metallic implants, or methylmethacrylate bone cement). The 
presence of foreign material in contaminated or infected 
wounds significantly increases the chance for chronic infec¬ 
tion and implant rejection. Antibiotic treatment is seldom 
successful u nt i 1 the impl antis rem o ve d b e ca u se i ni p I a n ts 
hibit medications and delense mechanisms from reaching 
bacteria. However, it sterile, biocompatible 
placed using appropriate aseptic surgical technique and 
ti hi otic prophylaxis, infection and subsequent implant rejec¬ 
tion are rare. Transient bacteremia (e.g„ such as occurs with 
ultrasonic dental prophylaxis) may seed porous implants 
[i.e., methylmethacrylate) with bacteria and cause an infec¬ 
tion. Therefore patients with surgical implants that require 

such procedures should be treated beforehand with prophy¬ 
lactic antibiotics. 


present at the time of surgical intervention ( 

traumatic wounds with retained devitalized tissue, foreign 

bodies, or fecal contamination). Management of this type of 

wound requires antibiotic therapy (initial selection is based 

anticipated flora and later modified by bacterial culture 
and sensitivity results), 

drainage, and possibly 

debride the wound during the early postoperative period 


e.g 


on 


in- 


j debridement, 

to further 


copious 

use of wet-to-dry bandages 


implants are 


an- 


Classifications of Surgical Infections 


Infections can plague surgical patients 
tings: (1) with primary surgical disease (e.g. 
that occurs secondary to 

tonitis that occurs secondary to gastrointestinal perforation; 
or prostatic abscessation), (2) as a complication of 
procedure not commonly associated with infection, (3) 
complication of support procedures, and (4) with prosthetic 
implants. I he bacteria that cause infections associated with 
primary surgical diseases are characteristic of the nonsterile 

source [e.g., skin, urinary tract 

iliese infections are subject only to surgical treatment and 

not surgical prevention. Initial antibiotic selection is based 

on expected bacterial flora and later modified by culture and 
sensitivity results. 

Sites of surgical procedures not normally associated with 
infection become infected when bacteria are introduced 
from nonsterile surfaces, such 


in four major set- 

os te om ye litis 
open fracture; pyometra; peri- 


an 


a surgical 


as a 


Prevention of Surgical Infections 


Preventing infection of the surgical wound is the primary ob¬ 
jective of aseptic surgery. Factors dial may determine if mi- 

contamination of a surgical wound occurs include 
host factors (i.e., age, physical condition, nutritional 
diagnostic procedures, concurrent metabolic disorders, and 
nature of the wound), operating room practice, and the char¬ 
acteristics of bacterial contaminants. Patients older than 10 

years of age may be predisposed to infection because of an in¬ 
ability to mount an 


or gastrointestinal tract). 


stat us, 


appropriate immune response or the 
presence of concurrent debilitating disorders, such as hyper- 
adrenocorticism, diabetes mellitus, 

teropathy. Patients younger than 1 year ot age may be predi 
posed because of an 


as the skin, gastrointestinal 
tract, or urinary tract, to sterile tissues. All surgical proce¬ 
dures result in some bacterial contamination. Developm 
ot infection depends on the number and virulence of the 
bacteria, the competence of host defenses, and the 


pro tei n -1 os ing 


or 


ent 


s- 


underdeveloped immune system. 
Patients with protein-calorie malnutrition (see Chapter II ) 
are at increased risk. 


amount 


ot tissue damage and dead 


space res 

dure. Infections can be minimized through meticulous i 


especially if hypoprotcinemic. Diagnos¬ 
tic procedures [i.e., urethral catheterization, thoracocentesis 
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and abdominocentesis, and intravenous catheterization), im¬ 
munosuppressive therapy (i.e., with corticosteroids or cancer 
chemotherapy), long periods of hospitalization, previous 
tibiotic therapy, remote infections, and wound or body cavity 
drains may also predispose an animal to infection. 

Local conditions at the surgical site (Le*, presence of 
necrotic tissue, hematoma, serum pockets, local infection, 
foreign bodies, dead space) may influence the patient's sus¬ 
ceptibility to infection because they allow bacterial prolifer- 
at ion and inhibit the normal host response, A recent study 
identified the duration of anesthesia as a risk factor for post¬ 
operative wound infection, independent of the duration of 
surgery (Beal, Brown, Shofer, 2000). Therefore long patient 
preparation times should be minimized to reduce postoper¬ 
ative infections. In addition, diagnostic imaging procedures 
such as myelography, ultrasonography, or radiography 
should be minimized in the immediate perioperative period. 
Perioperative hypothermia should also be minimized be¬ 
cause hypothermia may reduce the patient's innate resist¬ 
ance to bacterial infections. However, in the study by Beal, 
Brown, and Shofer, no statistically significant difference in 
temperature was found between patients that developed 
wound infections and those that did not. In one study, ani¬ 
mals that received propofol were 3*8 times more likely to de¬ 
velop postoperative wound infections than animals that did 
not receive the drug (Heldman, Brown, Shofer, 1999), This 
was thought to be due to contamination of the propofol by 
hospital personnel, therefore propofol should be prepared 
and handled using strict aseptic technique, and any unused 
drug should be discarded promptly. 

Operating room practice (Le*, principles of aseptic tech¬ 
nique, sterilization and disinfection, preparation of the 
gical environment, gowning and gloving, and preparation of 
the surgical patient, operative site, and surgical team) are 
important in preventing surgical wound infection and are 
discussed in Chapters 1 through 7* Considerable evidence 
supports the assumption that endogenous bacteria (i.e., bac¬ 
teria from the patient) account for most wound infections. 
Proper atraumatic tissue handling and instrument use are 
also important in preventing infection. Traumatized tissue 
supports bacterial growth but has impaired host defenses. 
Traumatized or necrotic tissue also has reduced oxygen con¬ 
tent, which permits the growth of anaerobic bacteria* Phago¬ 
cytosis and humoral immunity are significantly diminished 
when tissue integrity is interrupted during surgery. Inexpe¬ 
rienced surgeons cause more tissue trauma than experienced 
surgeons, resulting in greater susceptibility to infection. 

The characteristics of bacterial contaminants may influ¬ 
ence surgically acquired infection. The agents most likely to 
cause surgical wound infection are environmentally resistant 
bacteria. Such infections generally are acquired during hos¬ 
pitalization and are referred to as nosocomial infections* 
Surgical wounds are a common site for nosocomial infec¬ 
tions. Overuse of antibiotics, indwelling catheters (Le*, intra¬ 
venous or urinary), diagnostic procedures (i.e., transtracheal 
wash, thoracocentesis, abdominocentesis), advanced age 


(i.e., older than 10 years), and chronic debilitating disease 
are risk factors tor nosocomial infections* Prevention of 
nosocomial infection requires control of endogenous flora 
(i.e., patient preparation [see Chapter 6]), diminished bacte¬ 
rial transmission (i.e., hand washing, gloves, disinfection, 
and sterilization [see Chapters 2, 7, and 8]), control of the 
hospital environment (i.e., maintaining proper cleaning, dis¬ 
infection, and hospital sterilization protocols [see Chapter 
4j), as well as rational antibiotic use, which is based on pa¬ 
tient need and culture and sensitivity results. 


an- 


PROPHYLACTIC AND THERAPEUTIC 
USE OF ANTIBIOTICS 

Prophylactic Use 


Prophylactic antibiotics must be present: at the surgical site 
during the time of potential contamination to prevent 
growth of contaminating pathogens. Surgical procedures 
that may warrant use of prophylactic antibiotics are listed in 
Table 10-4. Antibiotics are not a substitute for proper asep¬ 
tic technique, meticulous and atraumatic tissue handling, 
careful hemostasis, judicious use of sutures, preservation of 
the blood supply, elimination of dead space, and anatomic 
apposition of tissues* 

Rational selection of antibiotics for antimicrobial 
phylaxis requires that the most likely contaminating 
croorganism or microorganisms be identified and that the 
microorganism be susceptible to the drug used* Empirical 
selection of drugs is necessary for antimicrobial prophylaxis* 
Antibiotic selection should be based on clinical experience 
plus published studies of the microbiology of small animal 
infection. Empirical selection of an antibiotic to prevent or 
treat infection requires a drug that is at least 80% effective 
against the probable pathogen or pathogens. The pathogens 
usually responsible for postoperative wound infection in 
small animal surgical patients are Staphylococcus spp* (espe¬ 
cially S. aureus ), E. coli , and Pasteur ell a spp. (especially in 
cats). The organisms most likely associated with surgical 
procedures are listed in Fable 10-5 according to body system. 
Special considerations in the selection and administration of 
prophylactic antibiotics are presented in Table 10-6* Cefa- 
zolin has no adverse effects on platelet aggregation, bleeding 
time, platelet count, platelet size, prothrombin time, or acti¬ 
vated partial thromboplastin time and therefore is a good 
choice for use as a perioperative antibiotic in dogs with 
dilions predisposing to hemostatic complications* 


mi- 


Therapeutic Use 

Therapeutic use of antibiotics is based on clinical judgment, 
knowledge of the antibiotics mechanism of action (see 
above), and microbiologic factors. When an antibiotic is in¬ 
dicated, the goal is to choose a drug that is selectively active 
for the most likely infecting microorganism or microorgan¬ 
isms, has the least toxicity, kills bacteria at the site of infec¬ 
tion, and does not negatively influence the host's immune 
system* Therapeutic antibiotics are indicated in surgical pa- 
tients with overwhelming systemic infection (i.e., septicemia 
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TABLE 10-4 


Examples of Surgical Procedures that May Warrant Prophylactic Antibiotics 


Respiratory Procedures 


General Indications 


* Resection of infected lung lobe or lobes 

* Closure of esophagobronchial fistula 


* Surgery time longer than 90 minutes 
Prosthesis implantation (e.g., mesh, pacemaker, vascular 
prosthesis, bone cement) 

Patients with a preexisting prosthesis (e.g., total hip, pace¬ 
maker, bone cement) undergoing, surgical procedures 

dental prophylaxis, traumatic wounds, colorectal 


Gastrointestinal Procedures 


Colonic anastomosis or colectomy 


Strangulation or obstruction 

Pancreatic abscess 


(e.g 


surgery) 

Severely infected or traumatized wounds 


Gastric resection for gastric dilatation-volvulus 
Anal and rectal surgery 
phageal surgery 
Perineal herniorrhaphy 
Hepatobiliary surgery with infection 


Orthopedic Procedures 


Esc 


* Total hip replacement 

* Open fracture repair 

* Extensive fracture repair 

* Other elective procedures? 


Urogenital Procedures 


urethral surgery with infected 


Renal, ureteral, bladder, 


urine 


iE TABLE 10-5 


Organisms Most Commonly Isolated from Various Body Systems 


LIKELY PATHOGENS 


PROCEDURE, SYSTEM, OR CONDITION 


Staphylococcus spp,, gram-negative bacilli 
Stop by/ococc us spp. 


Thoracic surgeries (pulmonary and cardiovascular procedures) 
Orthopedic surgeries [e.g., total hip replacement, prolonged 
internal fixation) 

Gastric and upper intestinal surgeries [high-risk patients) 

Biliary tract surgeries (high-risk patients) 


Gram-positive cocci, enteric gram-negative bacilli 
Enteric gram-negative bacilli, anaerobes [especially 
Streptococcus spp., Clostridium spp.) 

Enteric gram-negative bacilli, anaerobes (especially 
Bacteroides spp., Streptococcus spp.) 

Escherichia coli , Streptococcus spp,, anaerobes 
Anaerobes, facultative bacteria 


Colorectal surgeries 


Urogenital system (e.g., with pyometra, endometritis) 

Deep, penetrating wounds (e.g,, wounds less than 6 hours old, 
bite wounds) 


facultative 


Staphylococcus spp., Streptococcus spp 
bacteria, anaerobes 


Dentistry (patients with valvular heart disease) 


and sensitivity results are accurate; the pathogen is suscepti 


or bacteremia); when infection is present at the surgical site 


ble to the antibiotic; the proper dosage, route, and frequency 


or in a body cavity (i.e., wound infection, pyothorax, or ab¬ 


ate being used; a foreign body or undrained focus of in tec- 


dominal abscess); or with any contaminated or dirty surgical 


tion is present; a new infection is superimposed on the orig¬ 


procedure listed in Table 10-4, Generally, antibiotic therapy 


inal infection; and/or the hosts defense mechanism is se 


is instituted before surgery and continued for at least 2 to 3 


surgical infections 


ve rel y co m p ro m is ed - Wi th 


days after resolution of nil clinical signs; the maximum du- 


most 


antibiotic therapy needs adjunctive therapy to be effective. 


the drug's toxicity and the de¬ 


ration of therapy depends 


on 


This may mean drainage of accumulations of serum, pus, or 


ease treated. 


blood from surgical wounds or body cavities, concurrent de¬ 


Special considerations in the selection and administra- 


bridement of necrotic tissue, continued lavage of infected 


listed in Table 10-7. The 


tion of therapeutic antibiotics 


wounds, removal of foreign bodies or infected implants, re 


of antibiotic therapy initially is determined by oh 


success 


mo va 1 of urinary calculi, remo v a I o I p us fro m a n a b d o m in a 1 


serving the patient's response for a minimum oi 2 to 3 days. 


abscess, debridement of chronic osteomyelitis, or drainage 


If the animals condition has not improved by then, it should 


of suppurative arthritis. 


be determined if the original diagnosis is correct; the culture 
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Timing of Antibiotic Administration 

30 minutes before first surgical incision 

Cefazolin dose 

20 mg/kg 

Routes of Antibiotic Administration 
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of surgery 

Duration of Antibiotic Administration 

Discontinue immediately after closure of surgical wound 

or within 24 hours. 
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Antibiotic Selection 


* Determine system involved and most likely pathogen, to 

establish primary therapy (see Table 1 0-5). 

* Obtain representative samples for Gram's stain, cyto- 

and culture and susceptibility testing (e.g + , 


logic studies 
fluid, tissue, implants, necrotic debris). 

* Ensure that antibiotic reaches target tissue, 

* If several antibiotics are effective, select the one that is 
least expensive, least toxic, and most convenient to ad¬ 
minister. 


Timing of Antibiotic Administration 

As soon as samples have been obtained, begin empirical 
antibiotic therapy. 


Follow recommended doses carefully. 

Routes of Antibiotic Administration 

Treat for a minimum of 3 days and then assess animal's 
condition; if improving, continue therapy; if not improv¬ 
ing, reevaluate and consider changing antibiotics. 

Duration of Antibiotic Administration 

Duration depends on effect of antibiotic, toxicity, and dis 
order being treated; give for at least 2-3 days after 

olutlon of all signs. 
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CHAPTER 


Postoperative Care 


of the Surgical Patient 


delayed recovery from anesthetic episodes should be evalu¬ 
ated for increased intracranial pressure, particularly with 
preexisting CNS disease or trauma. Seizures, which are 
paroxysms of abnormal brain function, may occur after sur¬ 
gery as a result of anesthetic drugs (i.e., ketamine ), diagnos¬ 
tic procedures (i.e., myelography), primary intracranial dis¬ 
ease that occurs secondary to intracranial surgery or 
secondary effects of other disease processes on brain func¬ 
tion (e.g,, portosystemic shunts, hypocalcemia after thyroid 
or parathyroid surgeries, or hypoglycemia associated with 
insulinomas). Most seizures are short-lived and resolve be¬ 
fore treatment can be instituted; however, patients in status 
epilepticus or with cluster seizures should be treated imme¬ 
diately, even if the primary cause has not been ascertained. 

Mechanical ventilation may be necessary after surgery in 
some animals, such as those with severe hypoxemia (Pao 2 
under 50 to 60 mm Hg), severe hypercarbia (arterial carbon 
dioxide partial pressure [PacoJ over 50 to 60 mm Hg], or 
increased intracranial pressure. Volume-cycled or pressure- 
cycled ventilators may be used. The respiratory rate and tidal 
volume should be adjusted to maintain the Paco, between 
30 and 40 mm Hg and the Pao 2 over 60 mm Hg. Excessive 

airway pressures should be avoided. The Pao^ generally is 
five times the fractional concentration of inspired oxygen 
(Pick) (e,g., if a patient is breathing in 40% oxygen, the 
pec ted Pad 2 would be 200 mm Hg); values less than this may 
suggest gas exchange impairment Depending on the degree 
of impairment, additional treatment, such as positive end- 
expiratory pressure (PEEP), may be necessary PEEP increases 
the functional residual capacity and volume for gas exchange, 
lessening alveolar collapse. PEEP can be provided with so¬ 
phisticated equipment or by placing the expiratory limb of 
the breathing circuit under water. The pressure against which 
the patient breathes (usually 2 to 5 cm H 2 0) depends on the 
depth the expiratory limb extends under water. 

Hemorrhage may be a result of surgery or of the under¬ 
lying disease. Severe hemorrhage reduces the circulating 
blood volume and oxygen-carrying capacity eventually re¬ 
sulting in cardiovascular collapse* The clinical signs of severe 
hemorrhage may be obvious, but occult hemorrhage into 
a body cavity may be hard to recognize. Pale mucous 


Care of the surgical patient does not end when the proce¬ 
dure is finished. The postoperative care of surgical patients 
often determines the ultimate outcome; with critical pa¬ 
tients, it may determine whether they survive. Postoperative 
care involves normalizing homeostasis, controlling pain (see 
Chapter 12), and recognizing complications early Early 
recognition of potentially catastroph ic conditions facilitates 
treatment and ultimately recovery Recommendations for 
postoperative care are included throughout this text with in¬ 
formation on the treatment of specific diseases; general rec¬ 
ommendations for animals undergoing surgery are pre¬ 
sented in this chapter. 

After surgery patients should be moved to a quiet recov¬ 
ery room where they can be observed. Geriatric patients, ill 
or debilitated patients (e.g., those with renal dysfunction, 
hepatic disease, vomiting, or diarrhea), and patients that un¬ 
derwent a long surgical procedure should be maintained on 
intravenous (IV) fluids until they are able to eat and drink. 
Close attention must be paid to the fluid rate and urinary 
losses to prevent volume depletion, severe electrolyte imbal¬ 
ances, acid-base disorders, or all three conditions. Tempera¬ 
ture, pulse, and respiration should be monitored at least 
every hour (more frequently in critical patients) until the 
temperature is normal and the animal is alert. Hypothermic 
animals may need to be actively rewarmed with heated 
cages, hot water bottles or gloves, or warmed blankets. Re¬ 
cumbent animals should be alternated between left and right 
lateral recumbency or placed in sternal recumbency until 
they are able to sit or stand without assistance. Evaluation of 
hematocrit, blood gases, blood pressure, or oxygen satura¬ 
tion (or all these values) may be necessary Oxygen supple¬ 
mentation by means of an oxygen cage, nasal insufflation 
{see p, 21}, or mask should be considered for hypoxemic pa¬ 
tients (i.e., those with an arterial oxygen partial pressure 
[Pao : ] under 60 mm Hg). Patients unable to urinate without 
assistance (e.g., patients with intervertebral disk disease) re¬ 
quire special care; treatment of animals with neurologic dis¬ 
ease is discussed in Chapters 38 to 44, 

Anesthesia, toxic or metabolic disorders, primary brain¬ 
stem disease, or increased intracranial pressure may cause 
central nervous system (CNS) depression. Patients that show 


ex- 
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malnutrition shows no age, sex, or breed predisposition; it is I 
common in all severely ill animals, with an incidence rang- I 

ing from 25% to 65%. 

Diagnosis of PCM is possible if three or more of the crite- I 
ria listed in Table 11-1 are present. A physical examination I 

may reveal a poor hair coat, pressure sores or wounds that I 

won't heal, tissue wasting, skeletal muscle atrophy, emaciation, 
all of these. Additional physical findings vary depending on 
the cause of malnutrition. Thoracic and abdominal radi- 


membranes, a slow capillary refill time, weak pulses, and a 
high heart rate are nonspecific signs of hemorrhage, but 
these parameters should be monitored closely after surgery. 
The hematocrit should be evaluated frequently if bleeding is 
a concern; however, acute blood loss often occurs without a 
change in the hematocrit. Although normal animals can lose 
approximately 10% of their blood volume without severe 
consequences, many postoperative patients are unable to tol¬ 
erate this much hemorrhage. Ongoing hemorrhage should 
be eliminated or minimized and blood volume replaced. The 


or 


ographs of malnourished patients generally are nonspecific. 
Imaging techniques occasionally reveal an underlying cause 


choice of replacement product is dictated by the onset of the 


anorexia, or emaciation, such 


for the patient's hvporexia 


deficit, the clinical signs, and the potential for complications. 


an abdominal or thoracic mass. 


an intestinal obstruction or 


If hemodilution is not a concern, a balanced electrolyte so- 


as 


Biochemical changes with PCM may include hypoproteinemia 


lution may be given (e.g., Normosol-R). Two to three times 


and/or hypoalbuminemia, anemia, hypoglycemia 


the volume of blood lost may be given rapidly (not to exceed 


y- 


combination of these. Other 


cemia, hyperlipidemia, or a 


60 to 90 ml/kg). The central venous pressure may be moni 


changes may be related to the specific underlying disease. 


to red to assess volume replacement. The packed cell volume 


(PCV) and total solids should be evaluated at frequent inter 


Prevention and Treatment of Malnutrition 


vals after resuscitation. The optimum PCV in critical pa 


Nutritional supplementation and identification and a pp ro¬ 


dents is 25% to 35%. A slightly lower than normal PCV re 


priate treatment of the underlying disease are the goals of 


duces blood viscosity, effectively reducing afterload and 


treatment for malnourished patients. Hyperalimentation is 


improving cardiac output. If the PCV is 20% or lower or if 


the administration of adequate nutrients to malnourished 


hemodilution or ongoing hemorrhage is likely to cause the 


patients or those at risk of malnutrition. Enteral hyperali- 


PCV to fall below 20%, blood products should be admin is 


mentation provides nutrients to a functional gastrointestinal 


tered (see fable 5-3, p. 20), Fresh, whole blood replaces red 


tract by means of a nasoesophageal, pharyngostomy, 


cell mass, plasma proteins, platelets, and clotting factors. If 


enterostomy tube; par- 


esophagostomy gastrostomy, or 


the animal is not hypoproteinemk, packed red blood cells 


enteral hyperalimentation provides nutrients intravenously. 


may be given. .All blood products should be administered 


the basis of prolonged 


Predicting malnutrition (e.g 


through a filtered administration set. Patients that are hypo- 


on 


the early stages of a possibly 


proteinem ic but not anemic may begiven plasma or other 


postoperative anorexia or 


chronic disorder) and supplementing nutrients before they 


colloidal solutions, such as hetastarch, to increase the plasma 


are depleted help prevent malnutrition in hospitalized pa- 


oncotic pressure (see p. 21). 


tients. The specific treatment depends on the patient's ealeu 


la ted energy needs, the dietary formula chosen, and the 


NOTE » Fluids containing calcium should not be 


route of administration (i.e., enteral or parenteral). The basal 


flush lines containing blood prod- 


used to dilute or 


energy requirement (BER) is based on body weight; the 


ucts because clotting may occur in the tubing. 


maintenance energy requirement (MER) is determined from 


the BER and the number and severity of clinical problems 


NUTRITIONAL MANAGEMENT 


(i.e., cage rest, postsurgical stress, trauma, cancer, sepsis 


or 


OF THE SURGICAL PATIENT 


major burn). These calculations are based on specific patient 


data and are applied to the formulas shown in Fig. 11-1. 


An important component of postoperative care is nutri¬ 


tional support of debilitated or anorexic patients. Malnutri- 


ion is deftned as the progressive loss o f lean body mass and 


inadequate intake of or in¬ 


adipose tissue because 


TABLE 11-1 


an 


creased demand for protein and calories. Possible conse- 




Diagiiosis of Protein-Calorie Malnutrition 


quences of protein-calorie malnutrition (PCM) are organ 


and muscle atrophy, impaired immunoconipetence, inetfec- 


* Weight toss of more than 10% normal body weight 

orexia (i.e., suboptimal intake of nutri¬ 
ents] for more than 5 days or an expected decrease In 

nutrient intake of more than 5 days 

• Increased nutrient loss (i.e., through vom 


five wound healing, anemia, hypoproteinernia, diminished 


Anorexia or 


resistance to infection, and death. For these reasons, patients 


with protein-calorie malnutrition require nutrient supple 


iting, diarrhea, 


mentation during treatment of the underlying disorder 


severe wounds or burns) 

* Increased nutrient needs (he., through trauma, surgery 


A variety of conditions can cause PCM, including starva¬ 


tion, anorexia, malabsorption syndromes, severe trauma 


infection, burns, fever) 


surgical stress, sepsis, large surface area burns, and various 


* History of chronic illness 

* Serum albumin concentration less than or equal to 2.5 


types of malignancies. In addition, surgery, postoperative 


9/di 


complications, and surgically induced anorexia increase the 


metabolic demand for protein and calories. Protein-calorie 
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Calculate basal energy requirement (BER) 


) 


( 


0.75 


70 X 


Animals less than 2 kg body weight: 


body weight (kg) BER (kcal/day) 


Animals more than 2 kg body weight: 


+ 70 


30 x 


body weight (kg) BER (kcal/day) 


Calculate maintenance energy requirement (MER) 


Factor 


Associated clinical problems 


1.00 - 1.25 
1.25 * 135 


Cage rest 
Postsurgical stress 


Trauma or cancer 


factor 
chosen 


Sepsis 
Major burns 

Calculate volume of formula required (See Tables 112 and 11-3 for formula composition.) 


1.50 - 1.70 


(kcal/day) (kcal/day) 


1.70-2.00 


kcal/ml 


ml of formula 
per day 


name of formula chosen 


(kcal/day) 


Calculate protein requirement 


Hepatic or renal failure 


Species 


Maintenance 


5.0 - 7.5 g/100 kcal 
6.0 - 9.0 g/100 kcal 


<3.0 g/100 kcal 

<4.0 g/100 kcal 


Canine: 


x 


MER 


protein 

requirement 


protein 

requirement 

chosen 


(100 kcal/day) 


(g/day) 


Calculate needed protein supplementation if required 


x 


ml of 
formula 
per day 


protein provided 


name of formula chosen 




content 

(g/mi) 


per g ProMod 


grams of 
ProMod 

per day 


supplemental 
protein required 

(g/day) 


protein 
requirement 
(g/day) 

FIG 11-1 

Formulas used to calculate basal and maintenance energy requirements for dogs and cats. 


protein 

provided 

(g/day) 
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TABLE 11-2 


Commercially Available Diets and Their Composition* 


CALORIC CONTENT 

{kcal/ml) 


PROTEIN CONTENT 


FAT CONTENT OSMOLALITY 
(g/100kcql) (mOsm/kgJ 


PRODUCT 


/100 kcal) 




Polymeric Diets 


Jevity 

Osmofite HN 
Impact 

Vital HN 


1.06 


0.045 

0.045 

0.056 

0.042 

0.086 


4. 


3,48 


310 


1.06 


4.20 


3.68 


300 


1.00 


5.60 


2.80 


375 


1.00 


4.17 


500 


feline 

Clinicare canine 
ProMod 


1.00 


8.60 


4.60 


235 


5 


6.10 


230 


N/A 


1.48 


0.76 g protein/g ProMod 


N/A 


Monomeric Diets 

Vivanex HN 


1.00 


0.90 


810 


*These figures should be used for the energy requirement calculations in Fig, 1 1-1 
N/A , not applicable. 

Diets for enteral use. The ideal enteral diet formula 
should be well tolerated and readily digested and absorbed, 
should contain essential nutrients, should be readily avail- 
able and inexpensive, should have a long shelf life, and 
should be easy to use. Generally diets should be isotonic 
(i.e,, approximately 300 mOsm/L), should have a caloric 
density of approximately 1 kcal/ml, should include fiber at 1 

to 1.5 g/100 kcal, and should provide approximately 16% of 
total calories as protein (i.e., protein content of at least 4 
g/100 kcal) and approximately 30% as fat. Diets for enteral 
use generally are categorized as monomeric or polymeric. 

Monomeric diets usually use crystalline amino acids as the 
protein source, glucose and oligosaccharides as the carbohy¬ 
drate source, and safflower oil as the essential fatty acid 
source. They generally have twice the normal osmolality, can 
be used in patients with primary gastrointestinal disorders 
(e.g., short bowel syndrome, inflammatory bowel disease, 
pancreatic exocrine insufficiency), and are expensive. The 
most commonly used commercially available monomeric 
diet is Vivonex HN; its composition is shown in Table 11-2. 

Polymeric diets contain large-molecular-weight proteins, 
carbohydrates, and fats; they approach isotonic osmolality; 
they require normal gastrointestinal digestive processes; they 
supply about 1 kcal/ml; and they are more economical than 
monomeric diets. These diets include blender!zed diets and 
commercially available liquid diets (Tables 11-2 and 11-3). 

Commercial polymeric diets are available in a variety of os¬ 
molalities, caloric densities, and compositions. Examples of 
commonly used commercial polymeric diets and their com¬ 
positions are listed in Table 11-2. These diet formulas are in¬ 
dicated for malnourished patients with intact digestive and 
absorptive function or those suspected of having a food al¬ 
lergy; they also should be used for patients that must be fed 
through small-diameter tubes, such as nasoesophageal, gas- 
trod uodenostomy, or enterostomy tubes, A recent prospec¬ 
tive multicenter study evaluated the use of polymeric liquid 
enteral diets for nutritional support in seriously ill or injured 


dogs and cats and found them to be effective bit maintaining 
good nutritional status (Crowe et ak, 1997), Patients fed 7 
days or longer maintained body weight, plasma protein con¬ 
centrations, and serum albumin concentrations, and their 
attitude and strength improved. 

The most cost-effective, well-balanced diets for enteral 
administration are those blenderized from prescription pet 
food or homemade diets. Caloric density and protein con¬ 
tent vary with the diet chosen. Examples of blenderized di¬ 
ets and their compositions are given in Table 31-3. Blender¬ 
ized diets can be administered through tubes with a 
diameter ot size 8 French (Fr) or larger; a commercially 
available liquid diet is recommended when feeding through 
smaller diameter tubes (i.e*, 5 Fr), 

Diets for total parenteral nutrition. Diets available 
for total parenteral nutrition (TPN) should be customized to 
meet an animals protein, carbohydrate, and fat require¬ 
ments; caloric needs are calculated as described in Fig. 11-1, 
A common composition Is 8.5% amino acids with elec¬ 
trolytes (protein source), 10% to 20% lipids (fat source), and 
50% dextrose (carbohydrate source), B-complex vitamins 
are added at 1 to 2 ml per liter* TPN can effect nitrogen bal¬ 
ance, accelerate wound healing, and improve the patient's re¬ 
covery from severe PCM. Possible problems include catheter 
management (i,e., sterile placement and maintaining steril¬ 
ity of the catheter entrance, as well as routine changing of in¬ 
fusion sets), expensive equipment (i.e., infusion pump), ex¬ 
pensive feeding formulas, technical problems (i.e., constant 
patient monitoring during administration, as well as proper 
diet preparation and storage), and sepsis. In addition, if the 
gastrointestinal tract is not adequately stimulated by luminal 
nutrients and hormonal or neurovascular mechanisms, the 
intestines and pancreas may atrophy. Intestinal mucosal 
compromise predisposes the intestinal wall to bacterial 
translocation into the portal circulation and possibly to sep¬ 
sis. These problems make total parenteral hyperalimentation 
less desirable than enteral hyperalimentation. 
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TABLE 11-3 


Slenderized Diets for Dogs and Cats 


Homemade Diets 

Liquid diet for dogs 

INGREDIENTS 


NUTRIENT AVAILABILITY 


1 jar (2,5 oz) baby food 


1 kcal/ml 


1 


15 ml corn oil 
15 ml corn syrup 
100 ml water 


Liquid diets for cats 

INGREDIENTS 


NUTRIENT AVAILABILITY 


Equal parts egg yolk, strained baby food, and water 


1,1 kcal/ml 
1.5 kcal/ml 


3 oz egg yolk 
3 az strained baby food 
3 oz water 


I tsp cooking 


Gl 


1 T corn syrup 


Prescription Diets 

AMOUNT OF 
PRODUCT 


AMOUNT OF CALORIC CONTENT 

WATER 


PROTEIN CONTENT 
kcal/ml 


FAT CONTENT 

_ (9^ ml ) _ 


DIET 


/TOO kiol) 


(g/100 ktal 


Feline a/d 


1.2 


0.105 

0.053 

0.074 

0.039 

0.055 

0.105 

0.053 

0.019 

0,013 

0.033 


5.5 


none 
1 cant 
Vj cup§ 

1 4 cup 

1 4 cup 

none 


1 can* 

4 cant 
4 cant 
4 canf 

1 can 
1 can 


0,6 


4.38 


2.75 


Feline p/d 
Feline L/d 
Feline c/d 

Canine a/d 


0.8 


9.29 


0.9 


4.36 


7.54 


0.62 


8.87 


5.96 


1.2 


8.75 


5,5 


1 cant 


0.6 


4.38 


2,75 


Canine k/d 


4 can 
4 can 


1 4 cup 
1 4 cup 
14 cup! 


0.62 


3.06 


5.29 


Canine u/d 
Canine i 


0.66 


1.94 


4 can 


0.57 


5,86 


3.41 


*1 can is equal to 156 g. 

224 g. 


t 1 can is equal to 156 ml 
§ 3 4 cup is equal to 170 ml. 


is equal to 284 ml. 


Preparation of Prescription and Homemade Diets 
ingredients 

Mix the appropriate quantity of each ingredient (see chart above) 


Preparation 


Blend at high speed for 60 seconds. 
Strain twice through kitchen strainer (1 


-mm me 


Advantages 


Provides all required nutrients, low cost, appropriate protein and branched-chain amino acid content, normal stool 
teney, manageable viscosity for 8 Fr catheter 


consis- 


or 


Disadvantages 

Cannot be used if the lumen diameter of the feeding tube is smaller than 8 Fr 


Oral feeding is preferable if adequate nutrients 
consumed to meet protein and caloric requirements* Several 
techniques have been used successfully to coax an animal to 
eat. If the owners can manage the patient at home, it may eat 
better there. Petting and vocal reassurance are also helpful, 


can be 


al beit time-consuming. Highly pa la t a bl e foo ds o r fo o d co v - 
erings, such as gravy, may stimulate the appetite. Warming 
foods (e,g M in a microwave oven) increases aroma and 
payability. Supplementing potassium (be*, 0.5 to 1 mEq/kg 
per os), vitamin B complex (in maintenance fluids), and/or 
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bosis, sepsis, hyperglycemia, hypophosphatemia, hyper 1 1 pi 
demia, azotemia, and electrolyte imbalances. 


<•> 


I TABLE 114 


Enteral Hyperalimentation 

Enteral hyperalimentation is practical, safe, easy, economical, 
physiologic, and well tolerated and has minimal morbidity in 
patients with a functional gastrointestinal tract Enteral hyper¬ 
alimentation is indicated in any animal with overt or impend¬ 
ing protein-calorie malnutrition. Such patients include those 

hyper metabolic (e,g„ patients with severe bums, sep¬ 
sis, postsurgical stress, trauma, or cancer) and those with 
chronic anorexia or malnutrition, as evidenced by a greater 
than 10% loss of normal body weight. Enteral hyper alimenta¬ 
tion also can be used whenever 5 to 7 days of anorexia are art- 

after oral, pharyngeal, esophagogastric, duo- 


Drugs Used as Appetite Stimulants 


Cyproheptadine (Periactin} 


Cats: 2 mg/caf given orally (PQ) 


Diazepam (Valium) 


0.2 mg/kg intravenously (IV) 


Cots*: 2-5 mg/cat PO 


or 


Dogs: 0-2 mg/kg IV 


are 


Oxazepam (Serax) 


Cats: 2.5 mg/cat PO 


Rarely causes hepatic necrosis In cats. 


ticipatcd, such as 
denal, pancreatic, or biliary tract surgery; during postoperative 
management of cancer patients, particularly if chemotherapy 
instituted; and when the patient’s mental status prevents self- 

with head trauma or after brain surgery. 

is d e s i rabl e fo r mo st 


zinc may increase appetite. Drugs that may stimulate appe¬ 
tite and their recommended dosages are listed in Table 11-4. 
These drugs are rarely adequate for stimulating a severely 
anorexic animal to eat sufficiently, but they may stimulate 
partly anorexic patients to resume eating. 


is 


feeding, s u ch as 

Although enteral hyperalimentation 
patients with actual or pending PCM, infusion ol nutrients 

into the intestines may 

adynamic ileus, small bowel obstruction, and/or severe in¬ 
trinsic small bowel disease, such as malabsorption caused by 
inflammatory bowel disease or lymphosarcoma. In these pa¬ 
tients, nutrients should be delivered parenterally. 

Generally, oral administration of food is more efficient, 
easier, and safer and allows greater flexibility in formula 
composition. However, the farther aboral that materials are 
delivered, the less efficient the assimilation and digestion of 
nutrients and the greater the care needed in choosing the for¬ 
mula composition. The route of administration dictates the 
diameter of the feeding tube (Table 11-5), which in turn 
tales the usable feeding formulas. Various formulas have dif- I 
ferent viscosities and particulate matter size (see above). The 
most common routes of administration for enteral hyperali- 


r be contraindicated in patients with 


METHODS OF PROVIDING 
HYPERALIMENTATION 

Total Parenteral Nutrition 


TEN is indicated when the intestines cannot adequately ab¬ 
sorb nutrients, such as occurs with massive small bowel re- 

or severe malab- 


section, impaired small intestine motility, 
sorption. Severe, prolonged pancreatitis 

malnutrition are 
TPK catheters, patients should be tranquilized or anes- 

single- or double-lumen sili- 

elastomer catheter is inserted into the right or left ex- 


severe 


also possible indications, for placement of 


thetized. A 16-gauge, 18-cm, 


co ne 

ternal jugular vein. The catheter tip should be positioned in 
the cranial vena cava and a subcutaneous tunnel created 


emerges on the dorsum of the 


such that the catheter 
neck. The catheter is anchored to the vein, to subcutaneous 

along the tunnel, and to skin at the exit point with 
4-0 to 5-0 nonabsorbable monofilament suture. An extern 

set is attached to the catheter hub, and the catheter is 


the oral, nasoesophageal, pharyngostomy, 
esophagustomy, gastrostomy, gastroduodenostomy, and en¬ 
ter os to my ro u te s 

cations, advantages, disadvantages, and complications. 


mentation are 


tissue 


Each route has its indications, contraindi- 


ith sterile gauze, cast padding, and self- 


bandaged in place w 
adherent wrap. After each use the catheter should be flushed 

with heparinized saline (0.9% sterile saline with I lU/ml 


Nasoesophageal Intubation 


effective, and efficient. 


Nasoesophageal intubation is easy, 

The availability of small-bore, soft rubber (polyvinyl 
chloride) and Silastic feeding tubes (Le 

viscosity; nutritionally complete liquid diet formulations 

(see Table 11-2), in addition to patient tolerance of tube 
placement, have made feeding by nasoesophageal tube a 
popular method. Placement of a nasoesophageal tube is in¬ 
dicated in 


heparin). 

The predetermined nutrient formulation (based on calcu- 

Eig, 11-1 and Table 11-2) 


.,5 Fr) and of low 


lations described above and in 
should be administered using an infusion pump. Generally, 
50% of the calculated nutrient requirement should be admin¬ 
istered the first day and 100% the second day. Serum elec¬ 
trolyte, phosphorus, glucose 


patients with protein-calorie malnutrition 

will not undergo oral, pharyngeal, esophageal, or gastric 

gery. These tubes 
well tolerated, and are easy to remove. The patient can drink 

and swallow around the tube, which eliminates the need for 


, albumin, serum lipid, PCV, and 
blood urea nitrogen (BUN) levels should be evaluated daily, 
and body weight and temperature should be checked twice 
daily. Every 2 days the neck bandage should be removed, the 
catheter entrance site cleaned with a povidone-iodine solu¬ 
tion, the extension and administration sets changed, and a 


sur- 


place for several weeks, are 


can be left in 


pea ted orogastric intubation. Light general anesthesia may 
be needed to place a nasoesophageal tube, but a topical anes¬ 
thetic or light sedation usually suffices. 


re 


bandage applied. Complications associated with TPN in¬ 
clude catheter kinking and displacement, phlebitis, throm- 




. 
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ieJI TABLE I 1 -5 


m TABLE 1 1-6 


Tube Diameter Used Based on Route ol Administration 
of Enteral Diets 


Recommended Tube Sizes lor Nasoesophageal Placement 


Cats, dogs smaller than ]5 kg: 5 Fr X 91 
Dogs larger than 15 kg: 8 Fr x 91 


cm 


5 Fr Tube Diameter 

* Nasoesophageal 
Enterostomy (jejunostomy) 


cm 




8 Fr or Larger Tube Diameter 


* Pharyngostomy 

* Esophagostomy 

* Gastrostomy (typically 16 Fr or larger) 


proparacaine hydrochloride (0.5 to f ml; 0,5%) into 
the nasal cavity and elevate the head to encourage the local 
anesthetic to coat the nasal 
of the local anesthetic to 


■ 


mucosa. Repeat the application 
ensure adeqnote onesth esfa of th 
nasal mucous membrane. If the patient will not tolerate nasal 
intubation, heavily sedate it and administer topical lidocatne 
(e.g., 1 to 2 ml of 2% lidocaine) or use light general anes¬ 
thesia, Select an appropriate-size feeding tube (Table 11-6). 
Estimate the length of tube to be placed in the esophagus by 

measuring the tube from the nasal planum, along th 
tients side, to the seventh or eighth intercostal space. Place 
o tape marker on the tube once the appropriate 
men I has been token. Do not allow the feeding tube to pass 
through the lower esophageal sphincter because this may re¬ 
sult in splvncfehc incompetence , esophageal reflux of hy¬ 
drochloric acid t and esophagitis. Before passing the tip of 
the tube, lubricate it with 5% viscous lidocaine and hold the 
patient's head in a normal functional position fhe., ovoid hy¬ 
perflexion or hyperextension). Identify the prominent alar 
fold and direct the tube from a ventrolateral location in the 
external nores to o caudoventrol and medial direction as it 
enters the nasal cavity (Fig. 1 I -2). When the tube has be 
introduced 2 to 3 cm into the nostril , contact with the median 
septum at the floor of the nasal cavity can be felt. Push the 
external nares dorsally to facilitate opening of the ventral 
meatus. Elevate the proximal end of the tube and advance it 
into the oropharynx and esophagus. It generally will *i drop 
into the oropharynx and stimulate a swallowing reflex. Sev¬ 
eral methods can be used to confirm esophageal placement; 
(1) check for negative pressure , (2) inject 3 to 5 ml of sterile 

if a cough is elicited, (3) in- 


WIG 11-2 


Direct the nasoesophageal tube from ventrolateral in the 
externa! nares to caudoventral and medial 
the nasal cavity. 


as the tube enters 
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FIG 11-3 

In cats, secure nasoesophag 
nasal midlrne and forehead. 


eal feeding tubes to the dorsal 


en 


Trap friction suture or cyanoacrylate glue. Place a col- 
of water in the tube before capping it to prevent air 
intake, reflux of esophageal contents 

tube by diet . 


er 


umn 


or occlusion of the 






NOTE * Use an Elizabethan collar immediately af¬ 
ter surgery until it Is determined If the patient will tol¬ 
erate the nasoesophageal feeding tube. 


same through the tube and 
ject 6 to J2m! of air and auscultate for borborygmus of the 

xiphoid, or (4) visualize tube placement using a chest radio¬ 
graph. If the patient requires general anesthesia, visually 
confirm correct tube placement. Once satisfied that the tube 
has been properly placed, suture it to the nose and head 
to prevent removal by the patient. In cats, it is important 
that the tube not contact the whiskers; 
the dorsal aspect of the 
secure it with o 






Esophagostomy Tube 

Esophagostomy tube feeding is indicated 
tients with disorders of the oral cavity or pharynx and in 
anorexic patients with a functional gastrointestinal tract dis¬ 
tal to the esophagus* It is contraindicated 
primary or secondary esophageal dysfunction, such as with 
esophageal stricture, after esophageal surgery or removal of 
an esophageal foreign body 

sophagus. I he advantages of esophagostomy tubes include 
ease of placement, acceptance by patients, large-bore tubes 


+ 


m anorexic pa¬ 


in patients with 


position it directly over 
nose and forehead (Fig. 1 1-3) and 
Chinese finger-trap friction suture (see Fig. 

32-7 on p. 792), In dogs, secure the tube to the lateral 
aspect of the nose and dorsal nasal midline with a Chinese 


with esophagitis or megae- 
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(Fig, 1 1-6, C). Retract the blade into the 

that the tip of the feeding tube enters the instrument shaft 
(j 0 f deactivating the instrument blade) and lubricate Ae 
fuba and the instrument shaft , Retract the instrument and pull 

tube into the oral cavity to its predetermined 


instrument s 


$o 


that allow blenderized diets, ease of tube care and feeding, 

and drink around the tube, and llexb 


patients' ability to eat 
bility that allows tube removal anytime atter placement. 

Esophageal tube placement eliminates the coughing, laryn- 

and aspiration occasionally associated with 

disadvantages of 


the feeding 


gospasm, 
pharyngostomy 

esophagostomy tubes are the need for general anesthesia for 
tube placement and the fact that some animals manage to 

scratch the tubes out, 


tubes. The major 


A 


Anesthetize the animal and place if in right lateral recum 
bency (left side uppermost). The tube may be placed on ei¬ 
ther the right or left side of the midcervical region; however, 
the esophagus lies left of the midline, making left-si ' 
placement more desirable. Prepare the midcervical area 
from the angle of the mandible Jo f/ie thoracic inlet for asep 

Place a speculum to hold the mouth open, 
premeasure a 20 to 24 Fr polyvinyl chloride feeding tube 
from its insertion point to the level of the seventh or eighth 
intercostal space and mark it (ensuring midesophageal to 

if-esophageal placement). Enlarge the two lateral 
openings of the feeding tube to encourage smoother flow of 

a blended diet (Fig. 11 -4). Generally an Eld feeding tube 
placement device (Fig. I I'd) is used; however in cots and 

small dogs, a curved Rochester-Carmalt hemostat can be 

used to place the tube. Place the oblique tip of the Eld in¬ 
strument shaft info the oral cavity to the level of the nvdcei- 

equidisiant from the angle of the mandible 

it bulges through 


I 


tic surgery. 


B 


4 ■ 1 


cou 


wmmm 


A Eld feeding tube placement device and stylet. B, Activated 

spring-loaded blade (top) and stylet (bottom). (From Dev itt 

CM, Seim HB III: J Am Anim Hosp Assoc 33:55, 1 997.) 


vicol region ( f.e. 

and the fharac/c inlet). Palpate the tip as 

the cervical skin. Make a small skin incision over the tip of 
the device and activate the spring-loaded instrument blade 

(Fig. 11-6, A and 




I 


is/bfe through the shin incision 
BJ. Using the tip of the scalpel blade , carefully enlarge the 
cision in the subcutaneous tissues, cervical musculature, and 

phcigeal wall to allow penetration of the instrument shaft 

fig" I i - 6 , Bj. Place a 2-0 nonabsorbable suture through 
the side holes of the feeding tube and the hole in the instru- 

blode. Tighten the suture until the tip of the instrument 

blade and rfie tip of the feeding 


until it is vi 


in- 


eso 


t 


FIG 11-6 

Esophageal tube placement. A, Place me instrument 
the oral cavity and palpate the tip as it bulges the cervical 
skin; make an incision over the tip, B, Activate the instrument 

i visible through the skin incision; enlarge the 

incision to allow penetration of the instrument 
2T3 nonabsorbable suture (e.a., nylon) to secure the tip at the 
iGswiMg_ v _ .blade; retract the blade sa that 

thetipof the feeding'tube contacts the instrument shaft. 


in 


blade until it is 


. 0, Use 


FIG 11 -4 


phagostomy tubes, enlarge the lateral openings 
the tubes 3 to 4 mm to encourage a smooth flow of blended 

diets. 


For eso 
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measurement (Fig. 11-7, A). Remove the suture to free the 
feeding tube from the instrument blade and , in dogs , place 
o s tylet th ro ugh one 

against its tip (Fig, 11-7, BJ; Lubricate the tube and advance 

it into the esophagus until the entire oral portion of the feed¬ 
ing tube disappears (Fig. 1 1-7, C) and the tube passes down 
the esophagus without twisting or bending. Carefully retract 
the stylet from the oral cavity to ensure its release from the 
tube. In cats, do not use a stylet. Instead, lubricate the tube 
and advance it into the esophagus with the thumb and fore- 

a mosquito hemostat 
to advance the tube os far into the esophagus as possible. 
Manipulate the part of the tube that exits the cervical region 
to ensure proper passage into the esophagus. Secure the 
tube to the cervical skin with a Chinese finger-trap friction 

suture of No. 1 nonabsorbable suture (see Fig. 32-7 
p. 792), Leave the exit point of the tube exposed or bandage 
it loosely : Place a column of water in the tube and cap the 
exposed end with a 3-ml syringe. 


suture and gently pulling the tube. No further exit wound 

care is necessary; the hole seals in 1 or 2 days and is healed 

by 4 to 5 days. In rare cases esophageal contents leak from 
the stoma site. 

Complications associated with esophagostomy tube 
placement include early removal by the patient or vomiting 
the tube up and chewing off the end. Two episodes of 
esophageal perforation in cats have been reported, although 
this complication has not been reported since use of a stylet 
was discontinued in cats. Esophageal perforation has not 
been reported in dogs. No significant long-term complica¬ 
tions have been reported, such as esophagitis, esophageal 
stricture, esophageal diverticulum, or subcutaneous cervical 
cellulitis. Reflux esophagitis can occur from improper tube 
placement (i.e., through the lower esophageal sphincter) 
the tube itself can irritate esophageal tissues. Midesophageal 
placement of soft rubber tubes markedly reduces the inci¬ 
dence of esophageal in jury and reflux esophagitis. 

Pharyngostomy Tubes 

A pharyngostomy tube may be considered whenever nutri¬ 
tional supplementation must be provided to 
tients (Ll\, those with protein-calorie malnutrition) 
patients that are unable or reluctant to ingest food orally 
(he., patients with deft palate, mandibular or maxillary frac¬ 
tures, or oral neoplasia). Pharyngostomy tubes should not 
be used for nutritional management of patients with 
esophageal disorders such as esophagitis, esophageal stric¬ 
ture, recent esophageal surgery or removal of an esophageal 
foreign body, or esophageal neoplasia. The major advantage 
of a pharyngostomy tube over a nasoesophageal tube is the 
tube diameter; pharyngostomy tubes generally are 20 to 24 
Fr and therefore accommodate a wider variety of diets. 
However, esophagostomy tubes (see above) are easier to 
properly place and maintain than pharyngostomy tubes. 


f 


of the side holes of the feeding tube and 


I 


I 


finger until the tube is out of reach. Use 


, or 


on 


Most patients tolerate esophagostomy tubes, and Eliza¬ 
bethan collars are not needed. Esophagostomy tubes can be 
Safely removed immediately after placement or left in place 
for several weeks or months. The tube exit site 


anorexic pa- 

or to 


m ay require 

light bandaging and periodic cleaning with an antiseptic 
solution. The tube is removed by cutting the finger-trap 


NOTE * Pharyngostomy tubes ore passed into the 

midesophagus; do not place them through the lower 
esophageal sphincter. 


For tube placement, anesthetize the patient and position it i 
lateral recumbency with the incision site uppermost. Asepti- 
cally prepare an area 4 cm square just caudal to the angle 
of the mandible . Hold the mouth open with a mouth specu¬ 
lum. Premeasure a 24 Fr polyvinyl chloride feeding tube 
from the insertion point to the level of the seventh or eighth 
intercostal space and mark it, ensuring midesophageal 
placement. Position an index finger in the pharynx, near the 
base of the tongue (Fig. 1 1-8), and palpate the epiglottis, 
arytenoid cartilages, and hyoid apparatus . Flex the orally 
located index finger toward the lateral aspect of the neck to 
identify the junction of the intrapharyngeol ostium ond laryn - 
gopharynx (this is the proper location for the pharyngos¬ 
tomy tube exit). Apply enough pressure to the lateral ph 
ryngeal wall to create an externally visible bulge. Substitute 
large, curved forceps (e.g., curved Rochester-Carmalt 


m 


FIG 11 -7 

Esophageal tube placement (cant'd from Fig. 11-6). 

A, Retract the instrument ond pull the feeding tube into the 
oral cavitv. B, In dogs, place a stylet into one of the lateral 
holes of the feeding tube and against its tip; advance the 

tube into the esophagus, C, The esophageal tube should lie 
in the midesophageal region. 


a- 
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FIG 1 1-0 

Proper location of pharyngostomy tube exit 
relative to the hyoid apparatus. 
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forceps J for the index finger to maintain the bulge. Make 
a J- to 2-cm skin incision over the bulge and use curved 
forceps to bluntly dissect subcutaneous tissue , pharyngeal 
muscle , and pharyngeal mucosa 
ceps becomes visible. If the index finger rather than forceps 
is being used to maintain the bulge , replace if with curved 
forceps, grasp the tip of the pharyngostomy tube , and pull it 
through the incision into the oral cavity and out o f the mouth 

(Fig , J J - 9, A ). Reinsert the tip o f the tube in to the mou th a nd 
pass it into the midesophagus foe., the premarked location 
on the feeding tube) (Fig. 1 1-9 , B/. Secure the tube at its 
exit point with a Chinese fingeHrap friction suture (see Fig. 
32-7 on p. 792) and to the patient s neck to encourage the 
tube to remain dorsal. Place a column of water in the tube 
and cap it with a 3-ml syringe . When the tube is no longer 
required \ cut the Chinese finger-trap friction suture , pull the 
tube >, and allow the pharyngeal wound to heal by contrac¬ 
tion and epithelialization 


ized equipment (e g., an endoscope) and general anesthesia, 
the 12- to 24-hour wait after tube placement before feeding 
can start, and the fact that, depending on the placement 
technique, the tube cannot be removed for at least 10 to 12 
days (i.e., to encourage adhesion formation between the 
stomach and the abdominal wall). Recently, low-profile gas 
trostomy ports have been recommended for use in animals 
for which long-term nutritional management or medication 
administration is anticipated (Elliott, Riel, Rogers, 2000; 
McCraddn Stevenson, Stiffler, Schmiedt, 2000). 

Gastrostomy tubes can be placed percutaneously without 
the aid of an endoscope, percutaneously with the aid of an 
endoscope or other device, or by laparotomy, Percutaneously 
placement can be done with or without gastropexv. 

Percutaneous gastrostomy tube placement with 
gastropexy* The advantages of this technique include ease 
of tube placement; ease of finding the stomach in an anorec¬ 
tic patient; quick placement; no need for special equipment 
such as an endoscope or feeding tube placement device; an 
immediate seal between the stomach wall and the body wall 
(with surgical gastropexy), and confirmation of proper 
placement during the procedure* The tube can be removed 
safely at any time after placement. 




' 


a 


If the pharyngostomy tube is placed ventral and medial to 
the intrapharyngeal ostium and laryngopharynx, partial air¬ 
way obstruction, coughing, and gagging may result, if the 
end of the tube is placed through the lower esophageal 
sphincter, reflux esophagitis may occur. Vomiting up the 
tube has also been reported. 

Gastrostomy Tubes 

Gastrostomy tubes are indicated in anorexic patients with a 
functional gastrointestinal tract distal to the stomach or in 
patients undergoing operations of the oral cavity, larynx 
pharynx, or esophagus. These tubes are contraindicated in 
patients with primary gastric disease, such as gastritis, gas¬ 
tric ulceration, or gastric neoplasia. The advantages of gas¬ 
trostomy tubes include ease of placement, patient tolerance, 
availability of large-bore feeding tubes, ease of feeding and 

care, 

tube is in place. Disadvantages include the need for special 








Anesthetize the animal and perform standard skin prepara¬ 
tion of the left pa ral urn bar loss a . Prepa re the left flan k area 
for aseptic surgery and drape the area. Have a nonstehk 
assistant pass a large-bore f stiff plastic tube into the stom¬ 
ach. The surgeon , who is sterile , palpates the left flank 
until the end of the stomach tube can be palpated and 

grasped (Fig, 1 1-10, A). Manipulate the tube to a location 
2 to 3 cm caudal to the thirteenth rib and 2 to 3 cm distal 
to the transverse processes of the lumbar vertebrae . Hold 
the tube stable and make a skin incision over the end of 
the stomach tube. Bluntly dissect the subcutaneous tissues 
ond abdominal muscles to expose the wall of the stomach 
over the tube ; take care not to enter the lumen of the stomach I 






and the fact that oral feeding can begin while the 
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FIG 11*9 

Placement of a pharyngostomy tube. A, Pass a long forceps into the mouth to the point of 
tube entrance; incise over the instrument tip, grasp the tip of the tube, and pull the tube out 
through the mouth. B and C, Reinsert the tip of the tube into the mouth and pass the tube 
to its pre marked midesophagea! location* 


Foley catheter into the lumen of the stomach and inflate the 
bulb (Fig. 1 J-7 /, AJ< Place traction on the purse-string suture 

d slowly withdraw the stiff stomach tube from the oral cav¬ 
ity. Place gentle traction on the Foley catheter to bring the in ¬ 
flated bulb against the stomach wall (Fig. IMF, BJ. Snug/y 


(% I MO, BJ* Place a purse-string suture in the stomach 

wall around the tube (Fig. I MO, C ). Use a No. I 1 scalpel 

blade to puncture the stomach wall by punching the blade 
into the lumen of the tube; make the incision large 

accommodate the selected tube easily Place a 20 to 24 Fr 
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FIG 11-10 

Percutaneous gastrostomy tube placement with aastropexy. A, 
plastic stomach tube into the stomach. Palpate the end of the tube at the 
the tube and move it to a point 2 to 3 cm caudal to the thirteenth rib and 2 to 3 cm distal 
to the transverse processes of the lumbar vertebrae. Secure the tube with thumb and ringer, 
make an incision through the skin and subcutaneous tissue, and bluntly dissect the 
abdominal muscles to expose the gastric wall over the tube. C, Place a purse-string suture 
in the gastric wall around the tube and puncture the wall with a scalpel blade. 


g e-bore, stiff 
rlank 


. B, Grasp 


described above. Pre¬ 


position the patient and prepare it 

20 Fr Pezzer (mushroom-tip) urinary catheter in the 

Cut off and discard the dilated proximal 


nd the Foley catheter. Place 


as 


tie the purse-string suture 

three to four simple interrupted 2-0 absorbable sutures ( 

PD5 or Maxon) from the stomach wall to the body wall to 

firmly pexy the stomach in place . Close the subcutaneous tis- 

jsting Foley catheter and secure 

Chinese finger-trap friction suture 


arou 


pare 0 

following manner ; 

nd of the tube. Cutoff L5 cm of the remaining tube and set 
this piece aside for use as an external flange . Cut the re¬ 
maining proximal end of the tube of 0 shaip angle. Cut a 
trend of No. 1 Braunamid to the length of the prepared 

stiff ; large-bore stomach tube or 


re. 


f 


e 


and skin around the ext 


s ues 

the tube to 

of No. I nonabsorbable suture (Fig. 11’ll, C). 


a 1 


s 


feed- 


feeding tube . Foss 

ing tube placement device (Fig. 1 hi2, AJ into 
until it can be palpated bulging against the left body wall 1 
to 2 cm caudal to the lost rib and 2 to 3 cm distal to the 

of lumbar vertebrae two or three, if a 


a 


s tom 


Percutaneous gastrostomy tube placement with¬ 
out gastropexy* The advantages of this technique are that 

required for placement, and it 

that the stomach is 




no special instrumentation is 
is easy 10 perform. Its disadvantages are 
not pexied to the body wall (early removal by the patient 

could result in peritonitis), and tube placement can be con¬ 
firmed only endoscopicaity or radiographically 


frans verse processes 

stomach /ube is used f pass on 1 8-gauge hypodei m to 
through the skin into the lumen of the stomach tube. Place a 

strand of No. I suture through the needle, into the stomach 


needle 
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FIG 11-1 f 

Percutaneous gastrostomy tube placement with gastropexy [cont'd from Fig. 1 1-10). 

A, Place the Foley or Pezzer catheter into the lumen of the stomach and into the tube. 

B, Tighten the purse-string suture, remove the stomach tube, inflate the bulb of the Foley 

catheter, and suture the gastric wall to the abdominal wall, C, Note the proper tube 

placement of the inflated Foley catheter, the gastropexy, and the Chinese finger-trap 
friction suture to secure the tube in ptace. 






tohe, and out through the mouth. Remove the stomach tube. 

used (see 

e $ophogostomy tube placement above), activate the device 
and thread the No, J suture through the hole in the instru¬ 
ment blade (Fig. 11-12, E>). Retract the blade into the instru¬ 
ment shaft and withdraw the instrument out through th 
mouth (Fig. 11-12 , Cj, In each case the No. 1 suture enters 
the stomach through the left flank and exits through the oral 
cavity. Thread the end of the suture exiting the oral cavity 
through the n or row end of an 18-g oug e so vere ign ca th e ter 
and tie i t to the prox/mol end of the prepared Pezzer urinary 

the feeding tube) (Fig, 11-12, Dj . Pull th 


Pull the catheter until the mush 
body wall , ensuring 

the body wall. Secure the catheter to the skin with a Chi 

finger-trap suture using No. 1 nonabsorbable suture ( 
Nova fit). 




room tip is snugly against the 
a seal between the stomach wall and 






feeding tube placement (Eld) device 


a 


me se 








e 


Percutaneous endoscopic gastrostomy tube 
placement. The advantage of endoscopic placement is that 
the tube is under direct visualization throughout placement* 

is not done, no early, permanent seal is formed be¬ 
tween the stomach wall and the body wall, and a 10- to 12- 
day wait is required before the tube can be removed. 

Perform percutaneous endoscopic tube placement without 
gastropexy as described for percutaneous placement without 
gastropexy except place the No. 1 suture from the left flank 








catheter f/,e 

Pezzer catheter tightly into the flange of the catheter and 
lubricate It. Pull the No. 1 suture exiting the left flank until the 
catheter tip exits the skin (Fig. 11-12, E). Enlarge the skin in¬ 
cision to 3 to 4 mm, allowing easy delivery of the catheter. 
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See legend on p. B3. 
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FIG 11-12 


The trocar 


llowerj is placed through the 


insert) is not 


can 


device has been properly placed. B, Sc 
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s 


P 


in an amma 


gastrostomy tube, Note that the tip of the device ultimately arrives at 
caudal to the last rib and 2 to 3 cm distal to the transverse 


point 2 to 3 cm 


a 


a 


urn 


r 


e 


trocar tip 


in (insert) and tie a suture to 
the tip, C, Retract the entire device (cannula and "trocar] through the mouth, bringing *he suture with it. 


cannula so 


e 


mushroom-tip 

, Pull 


a 


r 


Note how a pipette tip is placed where the suture attaches to the tip of the catheter. E 
through the skin, pulling the mushroom-tip catheter into the stomach. The pipette tip facilitates 

wall. Withdraw the catheter until the 


of the catheter through the abdominal 


mushroom tip is against the 


stomach is pulled snugly against th 


inal wall. 


mucosa 
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and out through the oral cavity with the aid of an endoscope. 
Pas s the en doscope In to th e s fomach and insu ffta te th e s tom - 
ach with air Moke a 1 -mm skin incision in the left flank 1 to 
2 cm caudaI to the Iast rib and 2 to 3 cm di s to/ to the irons - 
verse spinous processes of lumbar vertebrae two or th 
Thrust an 7 8-gauge needle through the skin incision and info 
the stomach lumen , Pass the strand of No. ] suture through 
the needle and info the stomach , retrieve it endoscopioally, 
and bring it out through the mouth . Once the strand of 
turn is entering the left flank and exiting the oral cavity, place 
the feeding tube as described for percutaneous surgical 
placement without gastropexy. 

Gastrostomy tube placement by laparotomy. 

This procedure generally is performed when tube placement 
is ancillary to another abdominal procedure, such as biopsy 
or removal of a mass. 
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FIG 1 1-13 

Detail of the tip of the Gauderer Genie low-profile PEG tub 
showing a small depression in the umbrella tip with the rod 
that fits into th is depression. 


e 


t 


Pass the distal end of a 20 Fr Foley 


o r Pezzer cath eter (' 
bulb or mushroom tip) into the abdominal cavity through 

stab incision in the left body wall. Exteriorize the stomach 
and place a purse-string suture in the ventrolateral wall of 
the body of the stomach. Make a stab incision in the center 
of the purse-string suture with a No. 1 7 scalpel blade and 
place the distal end of the feeding catheter in the lumen of 
the stomach , Tighten the purse-string suture around the 
catheter and inflate the catheter bulb (he., Foley catheter) 
with saline. Place gentle traction on the catheter to bring 
the body of the stomach in close apposition to the left body 
walll Pexy the stomach wall to the abdominal wall with four 
2-0 synthetic absorbable sutures * Secure the feeding tube 
to the skin with a Chinese finger- trap suture of No. 1 
absorbable suture ( eg., Novafil), Close the abdomen routinely. 
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FIG 11-14 

Detail of the assembled low-profile PEG tube and rod shown 


Low-profile gastrostomy tube devices. Low-profile 
gastrostomy tube devices are available in different configura¬ 
tions and generally serve two main functions. First, some 
owners prefer to use them when a percutaneous endoscopic 
gastrostomy (PEG) tube will be required for some time be¬ 
cause the low-profile devices do not have a long tube exiting 
the body, which makes them esthetieally more appealing. 
Tubes that don't “dangle from the body may also be easier to 

they are less likely to be pulled out or chewed 
out by the patient). Second, and perhaps the major value of 
low-profile devices, is that they allow quick and easy replace 
ment of gastrostomy tubes that have inadvertently been 
pulled out or have so deteriorated that they must be replaced. 
The low-profile device is inserted into the stoma made by the 

first gastrostomy tube (Figs. 11-13 through 11-16). However 
such stomas close rapidly after removal of the gastrostomy 
tube, sometimes in less than 24 hours, therefore speed is of 
the essence. If the patient cannot be seen within several hours 

after removal of the first gastrostomy tube, a relatively large 
diameter sterile red latex male urinary catheter or the like 
should be placed in the stoma to prevent 
down until the low-profile device 

terns, such as the Gauderer Genie PEG system with a Fonsky 


« 






in Figure 1 M3. 






non-balloon replacement gastrostomy tube, allow the clini 
clan to decide whether to make the device a low-profile one 
or to leave the tube long, mimicking the original PEG tube. 

The severest complication of gastrostomy tube placement 
is early removal, w ith leakage of gastric contents into the ab 
dominal cavity and subsequent generalized peritonitis. This 
complication can be prevented by using a technique that re¬ 
sults in a sutured pexy of the stomach to body wall (he., per 
cutaneous surgical placement with gastropexy or by laparo¬ 
tomy). Other complications of gastrostomy tubes include 
vomiting, peristomal infection, and migration of the tip of 
the catheter into the pylorus. Pezzer catheters Iasi longer 
(weeks to months) in the stomach than Foley catheters be 
cause the balloons of Foley catheters disintegrate. As noted 
previously, low-profile gastrostomy devices (e.g., Flexiflo 
gastrostomy tubes, Ross Laboratories, Columbus, Ohio) may 
be better tolerated by owners when tubes are 
main in place for some time, such as in dogs with chronic re¬ 
nal failure. The low-profile tubes, although more expensive 
initially, last longer than either Pezzer or Foley catheters, and 
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FIG 11-15 

Retract the low-profile PEG tube, causing the umbrella tip to 
defarm; this makes it easier to push this assembly through 
the previously established stoma. 


ne 


FIG 11-17 

For placement of an enterostomy tube, a 10-aauge 
hypodermic needle facilitates transabdominaT placement 
or a 5 Fr feeding tube. 


Bring the distal tip of the feeding tube into the abdominal 
cavity through a 2- to 3-mm stab incision made on the ri ght 
or left body wall with a No. 1 1 scalpel blade or a W-gauge 
hypodermic needle (Fig, 1 1-1 7). Select a segment of proxi¬ 
mal jejunum and identify the normal direction of flow of in- 
gesta ( he., choral and oral end). Ensure that the selected in¬ 
testine is easily mobilized to the feeding tube entrance on the 

body wolf Make a 1- to 1.5 

muscular layers of the antimesenteric border of the selected 
jejunal segment (Fig. 1 hi8, A), Use o No. 1 1 scalpel blade 
to enter the lumen of the jejunum at the most aboral end of 

Insert the distal end of the feeding tube through 
the incision and pass 10 to 12 inches (25 to 30 cm) of the 
tube in an aboral direction into the jejunal lumen , Position 
the exiting portion of the lube in the 1- to 1.5-art seromus¬ 
cular incision and suture it in this tunnel' by inverting the 
seromuscular layer over the tube with three 
sutures of 4-0 absorbable suture material (he,, Alaxon, P05) 
(Fig. /1 - 18 f B ond CJ. Pexy the jejunal tube exit site to the 

exit site at the body wall with four to fi 
sutures of 4-0 absorbable suture; secure the feeding tube to 
the skin using a Chinese finger-trap friction suture of 2-0 
nonobsorbofa/e material (e.g., Novafil). 

As on alternative , from a laparotomy approach 
10-gauge needle through the abdominal wall from peri¬ 
toneum to skin (see Fig , 1 1-17). Introduce the feeding tube 
into the abdominal cavity through the needle and remove the 
needle, leaving the feeding tuhe with its hub outside the 

abdominal cavity. Then introduce the needle at an acute 


< 4: 


FIG 11-16 

Insert the tip of the low-profile PEG tube completely into the 
stomach via the stoma. Remove the rod while holding 
tube stationary; the umbrella tip reassumes its norma 
configuration. 


cm linear incision in the sera- 


the 


the incision 


the less-frequent replacement may offset the initial high cost 
[Elliott, Riel, Rogers, 2000). 

Enterostomy Tube 

Enterostomy feeding tubes are indicated in patients with 
gastric, intestinal, or pancreatic disease and in patients 
having biliary tract surgery in which the intestinal tract dis¬ 
tal to the disease or surgical site is functional. Immediate 
feeding of a highly digestible, low-bulk diet in patients un¬ 
dergoing colonic surgery or that will undergo colonic 

accomplished using an enterostomy tube. Pa¬ 
tients with preexisting protein-calorie malnutrition that 
must have major abdominal surgery are candidates for early 
enteral hyperalimentation by means of an enterostomy tube. 

Celiotomy or laparoscopy is required for placement of an 
enterostomy feeding tube. A 5 Fr, 90-cm 
is recommended. 
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Seromuscular layer incision 
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FIG 11-18 

Placement of an enterostomy tube. A, Make a 1- to 1 «5<m linear incision in the seromuscular 
layers of the antimesenteric border of the selected jejunal segment; use the tip of □ scalpel 
blade to puncture a hole in the aboral aspect of the seromuscular incision. B and C, Place 
the distal end of the feeding tube through the incision; lay the exiting portion of the tube in 
the 1- to 1,5<m seromuscular Incision and construct a "tunnel" by inverting the seromuscular 
layer over the tube with three or four Cushing sutures of 4-0 absorbable material. 


m 


creating a seromuscular tunnel (Fig, 11-19), Advance the 
feeding tube into the beveled end of the needle and remove 
the needle, leaving the tube in the jejunal lumen. Thread the 
tube into the jejunal lumen and suture the jejunum to the 
body wall; secure the feeding tube to the s kin with a Chinese 
finger-trap friction suture (see Fig . 32-7 on p, 792}. if the 


seromuscular tunnel is 


inadequate , create 


1.5- to 2-cm 


a 


serosal tunnel using one to two Cushing sutures before per ■ 




forming the pexy (Fig. 11 -20}, 


In medium to large dogs (the thin bowel wall in small 
dogs and cats mates the following technique difficult J, insert 
10-gauge needle through a purse-string suture info the 
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FIG 11-19 

Introduce the needle at an acute angle i 


into the lumen of the jejunum and exit at an oblique 


seromuscular tunnel 
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FIG 11-20 

If the seromuscular tunnel is inadequa 

, pexy sutures are 
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one or 
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used to secure the jejunum to the body wa 
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I 


suture (eg., Maxon, PDS) (Fig. 11-21, D and E). If desired, 

interpose omentum between the jejunum and the body wall. 


anti mesenteric border of the jejunal wall and then insert 
the needle between the seromuscular and submucosal layers 

I h 5 to 2 cm (Fig. I 1-21 , A ond BJ, Create a 3- to 4-cm turn 
nel and direct the needle into the lumen. Pass a 5 Fr 36-inch 

polyurethane feeding tube through the 


Patients with enterostomy feeding tubes can be fed im¬ 
mediately after surgery. The exit point of the feeding tube 
should be incorporated into a body bandage to prevent pre¬ 
mature removal by the patient, technical staff, or client, A 
column of water should be kept in the tube between uses- 

Triplications include premature removal, tube- 


(90 cm) Silastic or 
needle. Remove the needle , leaving a 3- to 4 cm seromus¬ 
cular tunnei Exteriorize the catheter through a separate 




the body wall (Fig. I 1-21 1 C) and secure it 


stab incision in 

to the skin with a Chinese finger-trap suture (see Fig . 32-7 
- 792). Attach the jejunum to the body wall with three 

or four simple interrupted sutures of 3-0 or 4-0 absorbable 


Possible co 

induced jejunal perforation, peritoneal leakage, and subcu¬ 
taneous leakage. Subcutaneous leakage can be prevented by 


on p. 
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10 gauge needle 
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MG 11-21 , , r l L t 

A, A purse-string suture is placed at the anti mesenteric border of the jejunum at the site ot 

catheter entrance. B, A 10-gauge needle is introduced into the anti mesenteric border of 
the jejunal wall, between the seromuscular and submucosal layers for 1.5 to 2 cm, and a 

3- to 4-cm tunnel is created 
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FIG 11-21, cant'd 


is exteriorized through a separate 
is attached to the peritoneum 


incision in 
with three to four 


F, The jejunum 


simple interrupted sutures 
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feeding tube and tbe proper diet; by carefully calculating 
feeding schedules; and by proper tube management during 

and between feedings. 


ly fixing the tube to the .skin, and peritoneal leakage i 

jejunal 


is 


secure 

prevented by taking care to include a : 
abdominal wall pexy. 


360-degree 


Mechanical Complications 

Mechanical complications include inadvertent placement of 
the tube in the trachea (nasoesophageal, esophagostomy, and 
pharyiigostomy tubes) or peritoneal cavity (gastrostomy or 
enterostomy tubes), gut perforation by the feeding tube (gas¬ 
trostomy and enterostomy tubes), regurgitation or vomiting 

of the tube (nasoesophageal, esophagostomy, and pharyngos- 
tomy tubes), esophageal irritation (nasoesophageal, esopha¬ 
gostomy, and p h aryngos to my tubes), 


CALCULATION OF RATE 
AND VOLUME OF FEEDING 


Once the number of calories needed to meet the patient s total 
caloric requirement has been calculated, the rate and volume 

are determined based on the route of admimstra- 


of feeding 

tion (e,g., oral, nasoesophageal, esophagostomy, pharyngos- 

enterostomy). When feeding into the 
oral, nasoesophageal, esophagostomy, pharyn- 


tomy, gastrostomy, 
stomach (i.e. 

gos to my, and gastrostomy tubes), the amount fed is deter¬ 
mined by the patient’s stomach capacity. Tbe normal canine 
and feline gastric capacity is approximately 80 ml ol fluid per 
kilogram of body weight. However, anorexic patients 
commodate only 30 to 40 ml/kg of body weight when feeding 
begins. A gradual increase over 2 to 3 days allows the stomach 
accommodate progressively larger volumes. The patient 

should have a minimum of three feedings daily; however, if 

, the volume should 


gastric outflow ob¬ 
struction (gastrostomy tubes), infection at the tube exit site, 
occlusion of the tube, or removal of the tube by the patient. 
Inadvertent placement of feeding tubes in the trachea or peri¬ 
toneal cavity can be avoided by paying 
mg tube placement. If there is any question 
location, a small amount of sterile aqueous contrast material 
should be injected through the feeding tube and a radiograph 
taken. Gut perforation has been virtually eliminated by use of 
small-bore, Silastic or soft rubber enterostomy feeding tubes. 

esophageal perforation (esophagostomy tube) has 


can ac- 


ca re till attention dur 


to 


vomiting and abdominal distention occur 
be reduced and the number of daily feedings increased. 

When feeding into the small intestine (enterostomy 
tubes), the rate and volume must be carefully regulated to 
avoid overdistention. Each patient is unique in the amount 
of fluid the small intestine will accommodate; guidelines lor 
feeding by enterostomy tube are presented in Table 11-7. 
These are only guidelines, however; some patients require a 

longer adjustment time (5 to 7 
total volume feeding in 2 to 3 days. Signs of overfeeding in¬ 
clude vomiting, diarrhea, abdominal distention, or cramp- 

all of these. Diluting the diet concentration 

and volume of administration generally 


In cats, 

been elimi nated by discontinuation ot the use of a stylet dur¬ 
ing tube placement. Premature tube removal by the patient 
usually be prevented by adequate mechanical restraint 

(e.g., bandaging and an 
tachment of the tube to its exit site (i.e„ Chinese finger-trap 
frict ion sutures). The use of small-bore, soft rubber feeding 
tubes has improved patient tolerance. Esophagitis that 

secondary to placement of a nasoesophageal, esophagostomy 

ph aryngos to my tube has been reported; however, the use 

soft rubber feeding tubes has reduced 
phageal irritation. .Also, midcsophageal placement effec¬ 
tively eliminates reflux esophagitis. 

Infection at the tube site can be minimized by proper 
tube management. The area should be kept clean and cov- 


can 


Elizabethan collar) and secure at- 


7 days), whereas others allow 


occurs 


or 


re- 


mg, or 

dudng the rate 

resolve these complications. 


of Silastic or 


eso 


COMPLICATIONS 


Three types of complications can occur with enteral hyper¬ 
alimentation: mechanical complications 
complications, and metabolic complications. In most cases 
complications can be prevented by proper tube placement 
technique; by using an 


ered with a loose bandage. Care should be taken when feed 


gastrointestinal 


ing the patient to prevent diet formula from contaminating 

secondary to placement of 


the exit site. Rhinitis that occurs 


esophageal tube has been reported, but use of small 


appropriate-diameter, soft rubber 


a naso 


bore, soft-rubber tubes has minimized this. 

Small-bore feeding tubes (3 to 5 Fr) can become occluded 
with the diet formula. This is best prevented by using 
commercial liquid diet rather than a blenderized diet prepa¬ 
ration. Taking care to flush material out of the tube when 
feeding is finished and capping the tube to maintain a col- 

of water also helps prevent occlusion by gastrointesti- 


a 


TABLE 11-7 


Guidelines for Feeding Via an Enterostomy Tube 


* Calculate total caloric requirement. 

• Give V A of the calculated vof 

a minimum of four to five feedings per day is 


umn 

nal reflux. Large-bore feeding tubes accept blenderized diets, 
but similar precautions should be taken to prevent occlu¬ 
sion. If a tube becomes occluded, flexible endoscopy forceps 

the clogged material. 

If endoscopy forceps are unsuccessful, a carbonated liquid, 

such as cola, can be infused into the tube; the effervescence 

removal of 


the first 


ume during 




recommended.* 

* Give V 2 of the calculated volume during the second 

24 hours in four to five feedings.* 

% of the calculated volume during the third 

24 hours in four to five feedings,* 

* Give the entire calculated volume during the fourth 

24 hours in four to five feedings,* 


be passed into the tube to remove 


can 


Give 




of the liquid and its acid pH may encourage 
clogged material. If this 
may be necessary. 


is unsuccessful, tube replacement 


infusion pump is preferred. 


* Continuous feeding by means of an 
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Gastrointestinal Complications 

Common gastrointestinal complications of enteral nutri¬ 
tional therapy include vomiting* cramping* abdominal dis¬ 
tention, diarrhea* or all of these. The most common causes 
are feeding too rapidly, feeding too large a volume, and feed¬ 
ing diets with a high osmolality. Treatment is aimed at re¬ 
ducing the rate and volume fed or diluting the diet formula. 

Metabolic Complications 

The most common metabolic complication of enteral nutri¬ 
tional therapy is hyperglycemia that occurs secondary to 
rapid absorption of glucose. Insulin may be used to control 
the hyperglycemia. In dogs, the dosage is 0.5 to 1 IU/kg neu¬ 
tral protamine Hagedom (NPH) insulin given subcuta¬ 
neously; in cats, it is 0.25 IU/kg NPH insulin given subcuta¬ 
neously. Patients, especially emaciated animals, are 
monitored for hypophosphatemia and hypokalemia or hy¬ 
pe rkal emia. 
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CHAPTER 


12 


Treatment of 


Perioperative Pain 


The use of analgesics for pain management has increased 
substantially in the past several years, A greater emphasis on 
analgesia in veterinary curricula and continuing education 
seminars, along with heightened attention to pain control in 
the lay literature, has made the inclusion of analgesic therapy 
the standard of care for veterinarians. The development of 
modern analgesics and delivery techniques 
nologic advances in patient care and excellent monitoring 
equipment, have allayed many of the concerns about patient 

longer need to convince themselves 

of the benefit of perioperative analgesics; however, finding 
the best drugs and techniques remains essential 

The veterinary literature has moved away from studies at¬ 
tempting to prove thal pain should be treated and now fo¬ 
cuses on finding the most efficacious drugs and techniques 
for providing perioperative analgesia. Most current investi¬ 
gations are designed to determine 

drugs provide the best outcome; that is, optimum analgesia 
and the fastest return to normal function. Current analgesic 
therapy inhibits afferent nociceptive impulses at the brain 
and spinal cord (e.g,, opioids and ketamine), directly inter¬ 
rupts neural impulse conduction (e.g,, local anesthetics), or 
prevents the nociceptor sensitization that accompanies in¬ 
flammation (e.g., nonsteroidal antiinflammatory drugs). 

Analgesic requirements should be anticipated and incor¬ 
porated into each patient's anesthetic management Compre¬ 
hensive reviews of pain assessment for dogs and cats are avail¬ 


able in the veterinary literature {Carroll, 1998 ). If you are just 
beginning to incorporate analgesic therapy into your anes¬ 
thetic regimen, you may benefit from a more exhaustive ex¬ 
amination of pain recognition than is offered here. Generally, 
the extent of postoperative pain is determined by integrating 
the surgeons expectations of a procedure’s painful ness with 
the patient’s behavioral and physiologic responses to surgery 
and by observing the individual patient’s response to the anal¬ 
gesic therapies. Table 12-1 provides an estimate of the pain 
judged to be associated with different types of surgery. How- 

individual patient's response to a particular procedure 
may not be consistent with expectations; therefore expecta¬ 
tions should never be used to deny a patient therapy. Table 
12-2 provides a summary of animals’ behavioral and physio¬ 
logic responses to pain. If there is any question of whether a 
patient is in pain, you should treat it. Undoubtedly, improving 
perioperative analgesic therapy improves the surgical out¬ 
come, Re sure to monitor the animal’s response to therapy and 
change or discontinue your treatment if the drug or technique 
you have chosen produces undesirable side ef fects or does not 
promote clinical improvement. 


as 


ever, an 


PAIN MANAGEMENT 


Good perioperative nursing care is imperative. To promote 
well-being, keep your patients dry and warm, avoid dipper 
burns, remove dried blood, check bandages for tightness, posi¬ 
tion patients so that pressure is not placed on surgical sites, and 


ABLE 12-1 


Estimates ot Pain Associated with Various Types of Surgery* 


MOST PAINFUL 


MODERATELY TO SEVERELY PAINFUL 


MILDLY TO MODERATELY PAINFUL 


Thoracotomies (particularly median 
sternotomies), amputations, ear 
resections, pelvic fracture repair, 
nephrectomy cervical disk surgery 


Mastectomy mandibulectomy, thoracic 

lumbar disk surgery stabilization 
of a fractured femur or humerus, cra¬ 
nial abdominal procedures 


Tracheotomy; aural hematoma; stabi¬ 
lization of a fractured radius, ulna, 
tibia, or fibula; castration; caudal 
abdominal procedures; dental clean¬ 
ing; extraction 


or 


Modified From Carroll GL: Sma/f animal pain management , Lakewood, Colo., 1998, American Animol Hospital Associati 
*The practitioner' 


ion Press 


expectations of the level of pain should not be grounds for denying a patient analgesic relief. 
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PART I General Surgical Principles 


iefl TABLE 12-2 


Behavioral and Physiologic Responses to Pain 


RESPONSE 


SIGNS OF PAIN 


Behavioral responses 


Vocalization: Groani 


ng, whining, growling, purring 

Facial expression: Fixed stare, glazed or squinted eyes, dilated pupils, furrowed brow 

Body posture; Hunched, rigid, prayer position or other abnormal position 
Activity: Restless or restricted movement, trembling 

Attitude: Aggression, fearfulness, timidity, comfort seeking 
Appetite: Decreased 

Urinary and bowel habits: Increased urination, failure in house training 
Grooming: Loss of hair coot sheen, unkempt appearance 

Guarding and seif mutilation: Protects wound or limb; fails to bear 
surgical area 

Physiologic responses Cardiovascular system: Increased heart rate and blood pressure, vasoconstriction 

Pulmonary system: increased respiratory rate, shallow breathing, splinting 

Digestive system: Inappetence, salivation; possibly vomiting, diarrhea or constipation, evacuation of 
anal glands 

Musculoskeletal system: Tense muscles, muscle tremors 
Immune system: Diminished resistance, stress leukogram 
Neuroendocrine system: Increased catabolism, decreased anabolism 


or failure to use litter box 


weight; may lick, chew 


Modified from Carroll GL; Small animal pain management Lakewood, Colo,, 1998, Amen 


Animal Hospital Association Press. 


man 


themselves. A dry, warm, 
quiet environment should be provided both lor induction of 

anesthesia and for recovery from surgery During induction of 
anesthesia, be sure to 


very old, or critically ill dogs and cats, and because few 

nifkant cardiopulmonary effects 
administration, they often 


are associated with their 


are used in these patients. Di¬ 
azepam and midazolam provide more predictable sedation 
when administered with an opioid. Flumazenil i 


use adequate intraoperative and postop¬ 
erative padding and position patients in such a way as to lessen 
postoperative pain from areas that 

that may be injured during the anesthetic period (e,g., isch¬ 
emia of the skin and underlying tissues, neural deficits). Lubri¬ 
cate the eyes. Prevent corneal, oral, lingual, tracheal, or dental 
injuries during induction and recovery. Before recovery, empty 
the bladder to prevent postoperative discomfort 
Preventing sleeplessness and anxiety 
period enhances postoperative pain management, because 
anxiety and pain are closely related. Pain is intensified in 
anxious patient, and tranquilizers or sedatives may reduce 
perioperative anxiety and make the experience less distress¬ 
ing. Tranquilization may also be necessary to curtail activity 
in rambunctious patients; tranquilization, 

be used to restrict movement. However, to avoid masking 
signs of pain, do not use tranquilizers such 


is a specific 

benzodiazepam antagonist; it generally is titrated to effect. 
a z ~Agonists fe,g t , xylazine, medetomidine; 


were not operated on but 


see Table 

12-3 ) provide reliable sedation and profound analgesia; the 
dation outlasts the analgesia. Cardiopulmonary depression is 
dose dependent Xylazine is the classic a r agonist, and medeto- 

- agonist Because of these drugs 1 possibly 

profound cardiopulmonary effects, perioperative use of 

.-agonists generally is reserved for young, healthy dogs and 
cats. Although low doses of xylazine or medetomidine have 
been used as sedatives for postoperative anxiety, the author has 
little experience with their use 

{e.g., yohimbine, atipamezole, tolazoline) are available to an¬ 
tagonize the effects of os-agonist drugs. Because antagonism of 
-agonists is not without risk in painful patients, it may be 
prudent to obtain the desired dose of antagonist and titrate it 


se¬ 


ts a newer a 


in 


perioperative 


a 


an 


this setting, a-Antagonists 


in 


not pain, should 


a 


as acepromazme 

or diazepam alone in patients with pain; administer an anal¬ 
gesic before or at the 


to effect if 


necessary. 


same time as the tranquilizer 


Anesthetics 

Current anesthetic practices rely 
propofol and etotnidate and inhalation agents such 
rane and sevoflurane, which offer speedy induction and re¬ 
covery but provide no analgesia. It is imperative to supple¬ 
ment these anesthetic techniques with appropriate analgesia. 

Analgesics 

Good postoperative pain management begins before 
gerv because analgesics should be administered 
emptively. fo be most effective, nociception should be 
hibited with analgesic therapy before initiation of the 


Tranquilizers and Sedatives 


o n i n d u c t i o n a gen ts s uch as 

as isoflu - 


Few tranquilizers in veterinary medicine provide anxiolysis. 
Acepromazme (Table 12-3) is an excellent tranquilizer for an 
acutely distressed or dysphoric dog or cat. Use caution in ad¬ 
ministering acepromazme to dogs or cats that are hypo¬ 
volemic or hypotensive, have clotting disorders 
history of seizures. Benzodiazepines (i.e„ diazepam, midazo¬ 
lam; see liable 12-3) do not provide reliable tranquilization 
in young healthy dogs and cats. These drugs disinhibit 
learned behavior and may cause excitement, However, ben¬ 
zodiazepines do appear to achieve sedation in very young, 


or 


sur- 


p re¬ 


in- 
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TABLE 12-3 


tranquilizers and Sedatives 


ROUTE 


DOSAGE Img/k 


DRUG 


IV, SQ, IM 


0.05 (not to exceed 1 mg) 


Ace promazine 

Diazepam (Valium) 

Midazolam (Versed) 


IV 


0.2 


IM, IV 


0.2 


IV, IM, SC 
IV, IM, SC 


0.1-0.5 


Xylazine (Rompun) 
Medetomidine (Domitor)'* 


0.001-0.005 


I established, and profound cardi 


■depression may occur. 


IOC 


doses and duration are not we 


*Use with caution; postoperative 
/V Intravenous; SC subcutaneous; IM, intramuscular. 


to cause de- 


the potential for abuse and the liability of a drug 
pendence. For example, Schedule 1 drugs have a high poten¬ 
tial lor abuse and no currently accepted medical use. Sched¬ 
ule V drugs have the least potential for abuse and in 

be available without a prescription order, 

indicated for moder- 


opi o i d 


painful stimulus* Preemptive administration 
obtunds windup, or the hyperexc it able state caused by an af¬ 
ferent volley of nociceptive impulses, whereas administra¬ 
tion of a local anesthetic prevents windup. If a patient is 

analgesic before induction of anes- 


an 


of 


s o me 


in 


circumstances may 

is the prototype opioid agonist and is 
ate to severe pain. The onset ol action is about 13 to 30 min¬ 
utes, and the duration ot action is 3 to 4 hours* Cardiovas¬ 
cular effects include vagally induced bradycardia, direct 

of the sinoatrial node, and slowed atrioventricu- 

does not sensitize the my- 

directly de- 


pain, administering an 

thesia facilitates patient handling and manipulation and im¬ 
proves the patient’s comfort. Preoperative administration of 
an analgesic also reduces the inhalant requirement during 
surgery. If an analgesic is administered preoperatively, it may 

peated postoperalively, depending on the drug’s 
duration of action. The ideal duration of analgesic adminis- 

been determined for most surgeries in dogs 

but It is reasonable to provide at least 2 or 3 days ot 

therapy after most major procedures. Several options 

available for perioperative administration ot an 

be administered on a schedule ( Table 

fen- 


depression 

lar (AV) conduction. Morphine 

catecholamines. Ventilation is 


1 sig- 


ocardium to 

pressed (a dose -dependent effect) through inhibition 
central respiratory centers. Morphine also alters the rhyth 
of breathing. Hypoventilation may cause increased intracra¬ 
nial pressure as a result of elevated arterial carbon dioxide 
partial pressure (PaCOj. Nausea and vomiting result from 
stimulation of the chemoreceptor trigger zone. Morphine 

and miosis in dogs and mydriasis 
Histamine may be released when 


t ration lias not 
ca ts, 


. Pi¬ 


rn 


sc i fie 
ffect* 
la b 1 e 
ic se - 
on is 
deto - 
ssi bly 


analgesic 


Systemic drugs 
12-4, e.g., every 


ma v 

4 hours), by continuous infusion fe.g 

by continuous absorption (e.g., 


trans- 


tanyl, lidocaine), or 
dermal fentanyl; Table 12-5). Local and regional techniques 

with local anesthetics and opioids may also be used* An anal¬ 
gesic should be administered according to its duration of ac¬ 
tivity rather than “as needed” Pharmacokinetic and phar¬ 
macodynamic information provides a rational defense 

against Lt as needed' medication 


may cause hypothermia 
and hyperthermia in cats* 

the drug is administered intravenously; slow intravenous 
(IV) administration minimizes this risk. Morphine is ad¬ 
ministered as continuous IV infusions in human pain man¬ 
agement and is being used clinically in veterinary medicine. 
It frequently is used for epidural administration (see below 
and Table 12-6). Recently, morphine has been used intraar- 
ticularly to provide analgesia for stifle surgery, 

ticular injection, morphine (0,1 mg/kg) can 
saline to 0*5 ml/kg of body weight to provide good analgesia; 

the analgesia obtained is comparable to that provided by 

as that achieved 


of 


> and 
have 


inists 

o an- 


Opioids 


For intraar- 
be diluted with 


is used, it should be chosen before sur- 

is used 

is contraindi- 


If an opioid analgesic is 

gery. Optimally, a 

throughout the perioperative period. Unless it 
cated, the same analgesic agent should be used alter surgery 
that was used before and during surgery. The two primary 

considerations for choosing an opioid analgesic are efficacy 

indicated for mild to mod- 


sm of 


single opioid analgesic agent 


ay be 
'ate it 


epidural morphine but not quite 

with intraarticular bupivacaine* Oral morphine has low 
bio availability, but oral preparations, including sustained- 

available. When determining oral dos- 


as 


and duration* Some o 

crate pain (e.g., buprenorphine), whereas others 

beneficial for moderate to severe pain (e 
For opioids of short duration, the ease and expense of re¬ 
dosing should be considered* In most cases intravenous in 
jection is preferred when an intravenous port is available to 

avoid painful intramuscular injections. 

Opioid agonists and agonist-antagonists commonly used 

morphine, hydro morph one, oxy 

butorphanol, and 

Table 12-4). Schedule relates to 


ten as 


release products, are 
mg, begin with a I 
dividual needs, 

Hydromorphone (Schedule II; see 

guishable from morphine 
histamine release is not reported with it* Hydromorphone i 


are more 


i o fl u - 
id re- 


low end ol the dose and adjust it to 111 in 


Table 12-4) is indistin- 

effects and duration, although 


gesia. 


in 


used for moderate to severe pain* 

Oxymorphone (Schedule II; see 

but does not cause histamine release. It is appro 


Table 12-4) is similar to 


peri op crati ve1 y in cl u de 
morph one, fentanyl, 
Morphine (Schedule 11; 


morphine 

priate for moderate to severe pain and is particularly us 


buprenorphine 


3e in- 


f the 
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TABLE 12-4 


* 


Commonly Used Systemic Opioid Analgesics 


DOSAGE 

(mg/kg)t 


DRUG 


USES 


ROUTE 


DURATION 


Butorphanol 


Elective reproductive surgery, caudal abdominal 
procedures, gallbladder surgery, bile peritonitis 
distal limb fractures 

Elective reproductive surgery, caudal abdominal 
procedures, distal limb fractures 

A premedicant; too short acting for analgesia; 
see text for information on continuous rate infu¬ 
sion (CRI) and transdermal application 

Thoracotomies, amputations, pelvic fractures, ear 
ablations 

Thoracotomies, amputations, pelvic fractures, ear 
ablations 

Thoracotomies, amputations, pelvic fractures, ear 
ablations 


0 . 2 - 0,4 


IV, SC, IM 


I 


Buprenorphine 

Fentanyi 


0.005-0,015 


IV, IM 


4-8 hours 


Less than 1 hour 


0,002-0,005 


IV, SC, IM 


Morphine 

Hydromorphone 

Oxymorphone 


0.1-0.4 


IV, t SC, IM 
IV, SC, IM 


3-4 hours 


3-4 hours 


0 , 1 - 0,2 


3-4 hours 


0.05-0,1 


IV, SC,§ IM 


TV 


y 


Modified from Carroll GL: Vet Med 91:353, 1996. 

*Do$age and duration are based on clinical experience and may need to be individualized to a particular situation and patient. Higher 
dosages may be needed for recalcitrant pain, 
f Lower dosages are used for intravenous routes and 
^Hypotension may occur 

§Subcutaneous administration may be less efficient, 

IV, Intravenous; SC, subcutaneous; IM t intramuscular. 


i; 


intravenous administration of morphine; the drug also may be associated with excitement in cab 


TABLE 12-5 


CRI] for pericardectomy, see p. 677). Fentanyi can be ad¬ 
ministered intravenously, intramuscularly, epidurally (see 
fable 12-6), transmucosally, and transdermally (see Table 
12-5). When used for pain management, fentanyi must be 
administered as a CRI epidurally or transdermally because 
of its short duration of action. For CRI, a loading dose is 
administered (dogs, 2 jxg/kg given IV; cats, 1 to 2 jutg/kg 
given IV) followed by an infusion (dogs, 1 to 6 jxg/kg/hour 
given IV; cals, 1 to 4 jjig/kg/hour given IV); the duration of 
analgesia is the duration of the infusion plus 30 minutes. 
Transcutaneous fentanyi administration increasingly is used 
in dogs and cats (see Fable 12-5), 


# 


Guidelines for Fentanyi Patch Dosing 


BODY WEIGHT (kg) 


PATCH SIZE (^g/hour) 






a 


Under 3.2 


Use of patch 

not recommended! 


3.2- 6,8 
6.8-18.2 

18.2- 27.3 
Over 27.3 


25 


75 


100 






I 


* Guidelines are not well established; generally Ironsdermal fentanyi 
patches should deliver 1 to 4 jxg/kg/hour. 

TA 25-p.g/hour patch may deliver up to 7.8 ^.g/kg/hour in a 3.2- 

kg patient and is not recommended; it is not known how covering a 
portion of the patch or cutting it affects delivery. 




For transdermal administration of fentanyi , dtp the hair over 
the lateral thorax or dorsal cervical region fin cats , the 
lary area is also a good loco ft on) without damaging the skin. I 
Locate the patch carefully so that during surgery the patch and I 
the skin below it will not be exposed to increased heat (avoid I 
direct contact with o warm water circulating blanket). Do not I 
clean the site with alcohol or surgical scrub. Handle the patch 
by the edge or wear gloves to avoid contact with the mem- I 
brane. Hold the patch in place for 2 minutes; in dogs , band- I 
age the site (in cats, covering the patch may not be neces* I 
soryj. Do no/ use tissue adhesive lo increase the adhesiveness I 
of the patch to the skin , because the glue will interfere with the I 
membrane and alter absorption . After placing the patch , al- I 
low sufficient time for plasma concentrations to reach there - | 

peutk levels (about 24 hours in dogs and 12 hours 




axi h 


in managing critically ill patients that require intraoperative 
analgesic supplementation to reduce the amount of inhalant 
required. Although oxymorphone causes sedation, panting, 
and sometimes hypothermia, it seems to cause less vomiting 
than morphine or hydromorphone in dogs and cats. 

Fentanyi, a synthetic opioid (Schedule II; see Table 12-4), 
is an effective analgesic. Il has a quicker onset of action than 
morphine but a short duration of action. In veterinary med¬ 
icine fentanyi is used for intraoperative management of crit¬ 
ically il! patients in balanced anesthetic techniques (e.g., fen¬ 
tanyi and midazolam are used 


a constant-rate infusion 
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TABLE 12-6 


Dosages and Duration of Epidural Drugs 


DOSAGE f 


USES 


CANINE 


FELINE 


ONSET 


DURATION 


DRUG 


1-1 % hours 


Lidocoine \7%)X 


Motor and sensory 
block: abdominal and 
hindlimb procedures 
Motor and sensory 
block: abdominal and 
hindlimb procedures 
Sensory block: 


1 ml/3,4 kg (T5)§ 


1 ml/4,5 kg [T5] 


10 minutes 


1 ml/4.5 kg 
(T1 3-L1) § 

1 ml/4.5 kg § 


1 m!/7 kg 


20-30 minutes 4-6 hours 


Bupivacaine 

10 


.25% or G.5%)f 


Fentanyl 


0.001 mg/kg 


4-10 minutes 


diluted m saline 


abdominal and 


hindlimb procedures 
Sensory block: 
thoracotomies, 
forellmb and hindlimb 
amputations, cranial 
and caudal abdominal 
procedures, hindlimb 
and pelvic fractures 

Sensory block: 

abdominal and 
hindlimb procedures 
Sensory block: 
abdominal, pelvic, 


0.1 mg/kg 

(preservative 

free) 


About 20 hours 


Morphine 


minutes 


(preservative 

free] 


12-18 hours 


Buprenorphine 


0.003-0,005 

mg/kg diluted 
with saline 


0,05-0.1 mg/kg 


About 10 hours 


Oxymorphone 


15 minutes 


diluted in saline 


diluted in 
saline 


procedures 


Modified from Carroll GL: Vet Med 91:353, 1 996, 

^Dosage, onset, and duration ore based on clinical experience; each patient should be evaluated individually. Reduce the dose by half for 

spinal administration of local anesthetics; reduce the epidural dose in geriatric, obese, and pregnant animals and in those with spaceoccupy 

ing lesions of the spinal cord or conditions in which venous engorgement is expected. 

tVolume for dilution should be less than 0,3 ml/kg; do not exceed 6 ml/dog or 1.5 ml in cats, 

fAvoid the head down position after an epidural with a local anesthetic, 

§A black to T1 leads to intercostal nerve paralysis; a block to C5-C7 leads to phrenic nerve paralysis. 
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Drug delivery from the patch may vary, and patients should 
be observed regularly tor signs of breakthrough pain or side ef¬ 
fects, such as ventilatory depression. Transdermal fentanyl may 
provide up to 72 hours of analgesia, and fever may increase ab¬ 
sorption of fentanyl from a patch. To remove the patch, wear 
gloves, told the patch on itself, and flush it down a toilet in the 
presence of a witness. Fentanyl may cause bradycardia, ventila¬ 
tory depression, and skeletal muscle rigidity. 

Codeine (variable schedule depending on the formulation) 
may be used orally in dogs for mild to moderate pain. In 
healthy dogs, Tylenol 4 (60 mg of codeine and 300 mg of acet¬ 
aminophen), dosed at 1 to 2 mg codeme/kg of body weight 
and given orally three times a day, has been recommended by 
Hansen (1996), but it should not be used in dogs with hepatic 
disease or in dogs prone to Heinz body anemia. Codeine with¬ 
out acetaminophen (1-4 mg/kg PO every 1 to 6 hours as 
needed) may be administered. The codeine-acetaminophen 
combination is strictly contraindicated in cats. 

Buprenorphine (Schedule V; see Table 12-4) is a partial 
opioid agonist. Its onset of action is about 30 minutes and 


its duration is 4 to 8 hours. Buprenorphine s affinity for 
p,-receptors causes prolonged duration of action and diffi¬ 
culty associated with antagonism. It is used for mild to mod¬ 
erate pain in veterinary patients. Buprenorphine causes little 
sedation or dysphoria in dogs and cats. Its prolonged dura¬ 
tion of action makes it useful if redosing is problematic, 
Butorphanol (Schedule IV; see Table 12-4) is a mixed 
agonist-antagonist, it has a low affinity for p-receptors (i.e., 
it is not a complete antagonist), a moderate affinity for 
k- receptors (produces analgesia), and minimal affinity for 
cr-receptors {decreased incidence of dysphoria). Because 
butorphanol is a mixed agon 1st-antagonist, it can attenuate 
the efficacy of subsequently administered agonists. One ad¬ 
vantage of butorphanol is that analgesia is achieved with 
minimum ventilatory depression; additional doses do not 
produce additional depression. The ceiling effect on venti¬ 
lation is accompanied by a modest ability to reduce anes¬ 
thetic requirements. Generally, butorphanol is administered 
for mild to moderate pain in dogs and cats. However, be¬ 
cause butorphanol has minimal effects on the biliary and 
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gastrointestinal tracts, it is particularly effective for visceral 
pain, such as bile peritonitis and pancreatitis* Another ad¬ 
vantage of butorphanol is that it is available in an oral 
preparation. Oral butorphanol (0.4 mg/kg up to 1 mg/kg 
given three times daily for 2 to 3 days) has been particularly 
useful in cats after onychectomy. Oral butorphanol 
be used in small dogs, but the cost may become prohibitive 
in larger dogs. 

Ventilatory depression and sedation caused by opioids may 
be reversed with opioid antagonists. Opioids should be antag¬ 
onized carefully in patients with pain because the antagonist 
also reverses analgesia. Patients in pain may breathe shallowly; 
they usually ventilate better when comfortable. Patients that 
have had a thoracotomy or high abdominal procedure may 
have small tidal volumes because they guard themselves from 
the pain incurred during breathing. .Although an opioid may 
depress ventilation, its analgesic effect is more likely to reduce 
splinting, allowing larger tidal volumes and improved ventila¬ 
tion. In human beings, antagonism of opioids with naloxone, 
an opioid antagonist, has been associated with catecholamine 
release, hypertension, dysrhythmias, and even a fatal outcome* 
Dilution of naloxone with saline and slow IV titration reduce 
the likelihood of untoward side effects. Agonist-antagonists 

ine or butorphanol are preferable to naloxone 
for opioid antagonism because they are associated with fewer 
reversal side effects than complete antagonism with naloxone. 
Some analgesia may also be preserved. Titration of a 1:10 di¬ 
luted solution of nalbuphine (20 mg/ml diluted to 2 mg/ml) 
appears to antagonize sedation and respiratory depression* 
maintain analgesia, and avoid the dangerous side effects asso¬ 
ciated with high-dose naloxone reversal Similarly, in veteri¬ 
nary patients butorphanol may be used for antagonism of 
jm-opioids, such as oxymorphone* 

Dissociative Anesthetics 

Although ketamine does not provide visceral 
may provide profound somatic analgesia* Ketamine {Sched¬ 
ule III) may be used in low doses (1 to 2 mg/kg given IV) for 
changing bandages on burns or wounds. The side effects of 
ketamine, which are dose related, include emergence delir¬ 
ium, increased salivation and lacrimation, cardiovascular 
stimulation, increased intracranial pressure, increased in¬ 
traocular pressure, seizures, and bronchodiktion. 


cardiac depressant effects may occur. Xykzine and medeto- 
midine have been reported to provide 

pain in dogs and cats. However, because profound cardiopul¬ 
monary depression may occur (particularly if the drug is 
used concurrently with an opioid), oxygen must be available, 
ex 2 -Antagonists (e.g M yohimbine, fokzoline, atipamezole) an¬ 
tagonize the effects of a : -agonists, but their use may be asso¬ 
ciated with side effects, particularly in animals in pain. 

Local Anesthesia and Analgesia 

Adjuncts to opioid administration generally involve local 
anesthetics* Lidocaine is commonly administered as a contin¬ 
uous IV infusion in human beings to supplement opioid 
therapy for recalcitrant pain, Subantiar rhythmic doses of il- 
docaine (5 to 30 jig/kg/minute given IV) can supplement 

dogs when opioid analgesia alone is in¬ 
sufficient, Generally, local anesthetics are used in regional 
techniques and are more effective when given before surgical 
stimulation. Local anesthesia reduces the intensity of postop¬ 
erative pain beyond the expected duration of the local anes¬ 
thetic, probably by suppressing the windup responsible for 
maintaining postoperative pain. Several local anesthetic tech¬ 
niques are effective in obtunding pain, including epidurals, 
ring blocks, splash blocks, local infiltration, brachial plexus 
blocks, regional anesthesia, intercostal blocks, and inter¬ 
pleural blocks. These techniques also reduce inhalant re¬ 
quirements, which facilitates intraoperative patient manage¬ 
ment* The two most commonly used local anesthetics in 
small animal practice are lidocaine and bupivacaine. Bupiva- 

eaine lasts longer than lidocaine but also has a longer onset of 
action. In dogs, the total dose of bupivacaine should not ex¬ 
ceed 2 mg/kg. Lower doses (not more than I mg/kg) can he 
used in cats. 

Regional techniques. Regional local anesthetics often 
aid recovery and allow the patient to adjust to the onset of 
discomfort. Sufficient time must be allowed for tissues to ab¬ 
sorb local anesthetics* Wound perfusion and infiltration is 
the simplest technique for providing wound analgesia, but 
the efficacy in infected wounds is poor. Effective local infil¬ 
tration is used for incisional pain, nerve pain (amputation), 
onychectomy, and ear ablation. When performing local 
anesthetic blocks, the maximum dose for each species 
should not be exceeded, 

* For incisional paw (e.g., line block for a cesarean section), 
the skin area to be incised is instilled with local anesthetic 
before surgical incision. 

* For nerve pain > direct visualization of the nerve allows lo¬ 
cal anesthetic to be instilled into the nerve. With amputa¬ 
tion, the femoral nerve or brachial plexus may be infil¬ 
trated before nerve incision. Although technically more 
difficult to perform, brachial plexus anesthesia may be 
used for procedures distal to the elbow* To perform a 
brachial plexus block in dogs, insert a 22-gauge, 3-inch 
needle medial to the shoulder joint toward the costo¬ 
chondral junction, lateral to the thoracic wall, and paral¬ 
lel to the vertebral column (Fig. 12-1). After aspiration, 

inject the local anesthetic as the needle is withdrawn. In 
cats, use a shorter needle (1 l A inch). 
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opioid analgesia in 
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ot 2 -Agonists (e.g„ xylazine, medetomidine) 
dependent sedation, cardiopulmonary depression, and am al¬ 
as anxiolytics was discussed earlier under 


c n 


gesia; 

Tranquilizers and Sedatives. Sedation appears to outlast 
analgesia, which is provided through a nonopioid system. 
ot 2 -Agonists are not scheduled drugs. They are appropriate 

for sedation and chemical restraint in healthy dogs and cats, 
but care should be used if administering them for perioper¬ 
ative analgesia. Very low doses of a 2 -agonists may increase 
analgesia and sedation when administered concurrently 

opioid. Caution has been advocated when using 
a .-agonists postoperative I y, because post surgical doses and 
duration have not yet been well established, and profound 
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FIG 12-2 


5 “ 


intercostal nerve block 


Intercostal nerve block. To perform 

for a thoracotomy incision or for placement of a thoracic 
drain, block the incision site ond two nerves in front and two 

behind the incision site. 


block. Place the needle medial to the 


exus nerve 


DY 


_ , lateral to the thoracic wall, toward the 

costochondral junction, and parallel to the vertebral column, 


fi¬ 


ls 


nerves 


us 


r- 


lar to those for intercostal analgesia. Interpleural analge¬ 
sia should not be used if the pericardium is open, 
is unlikely to be effective in pyothorax. If intercostal and 
interpleural blocks are both used, adjust the bupivacaine 

dosage to stay below a total dose of 2 rrtg/kg. 

* Epidural administration of analgesics and anesthetics i 
useful for intraoperative management of high-risk pa¬ 
tients, perioperative analgesia 

anesthesia and analgesia, and in some cases for thoraco¬ 
tomies and forelimb amputations. Epidural anesthesia is 

complished and provides hours of relative com- 
Table 12-6). Specific contraindications tor 

diathesis and sepsis. 


For a splash block (e.g,, after an ear ablation or onychec¬ 
tomy), the local anesthetic should remain in contact with 
tissues for 15 to 20 minutes. After onychectomy, calculate 
the maximum dose of bupivacaine and divide it among 

into each toe). Note that as 


e- 


it 


e™ 


a- 


10 toes (drop the bupivacaine 

an alternative, ring blocks using bupivacaine may be used 

for onychectomy pain. 

• bitraarticular bupivacaine 

analgesia after stifle surgery 

* In tercosta I and in terp le 11 ra l n eu ra I b locks are used to m a n age 
thoracotomy pain. Postthoracotomy interpleural adminis- 

inter costal bupivacaine hydrochloride nerve 
blocks have proved efficacious, especially when combined 
th systemic opioid administration. For intercostal analge¬ 
sia, the intercostal nerves supplying the incision site, two 
nerves cranial to the site, and two nerves caudal to the tho- 

selectivelv blocked (the injection is 


of 


IS 


X- 


be 


cesarean section, caudal 


(0.5%, 0.5 ml/kg) provides 


of 


easily ac 
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tration or 


is 


epidurals include hemorrhagic 
Epidural administration of local anesthetics, but not opi¬ 
oids, is contraindicated with hypovolemia; pretreatment 
with fluids may improve the response. 1 he dose of local 

anesthetic should be reduced in 
obese patients and those with space-occupying lesions or 
conditions in which venous engorgement is expected. 

The dose of local anesthetic should also be reduced by 
50% if cerebrospinal fluid (CSF) is encountered when 

performing an epidural. 

Epidurals may be safely administered to dogs under neu¬ 
roleptanalgesia (a lack of anxiety and pain, usually pro¬ 
duced by combining an opioid and tranquilizer), but gen¬ 
eral anesthesia usually is required for safe administration 

in cats. Supplies needed include 
gloves, an appropriate dose and volume of the selected 

drug, a syringe to administer the drug, a test syringe for 
air, and a fenestrated drape (eye drape), In conscious pa¬ 
tients, a syringe and needle with lidoeaine are also needed 
desensitize the skin and subcutaneous tissue immedi¬ 
ately dorsal to the lumbosacral space. When performing 
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geriatric, pregnant, and 


racotomy incision are 
m ade i us t cau d al to each of five rib s n ea r the i nt erverteb ral 

foramen; Fig. 12-2). This procedure has been used for many 

considered safe, although possible complica¬ 
tions include pneumothorax, motor blockade and ensuing 

respiratory Mure, and drug toxicity Interpleural analgesia 

is an alternative to intercostal neural blockade and offers 
prolonged analgesia without multiple needle sticks. 
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the chest tube 


with saline and instill it in 


Dilute bupivacaine 
of the thoracotomy patient Place the affected side (operative 

site) down and allow sufficient time (20 minute s for bopjvo- 

ccr/nej for absorption of the local anesthetic . 


be 


spinal needle, sterile 
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If a chest tube is present, additional bupivacaine can be 

after 6 hours). The 
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administered postoperatively (e.g 
possible complications of 
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interpleural analgesia 
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an epidural in dogs, the spinal cord variably ends at L6-L7; 
the dural sac ends at L7-SL In cats, the cord and sac usu¬ 
ally extend one vertebra more caudal (cord termination 
may be as caudal as S3), therefore dural punctures are 
more likely in cats than in dogs. To perform an epidural, 
clip the area over L7-S1 and conduct a sterile preparation. 


Crania 


0 


in a conscious patient block the skin and subcutaneous tis¬ 
sues immediately dorsal to the lumbosacral space 
caine. Place the animal in sternal recumbency with the rear 
limbs flexed and pulled cran!ally. Palpate the landmarks (the 
right and left cranial dorsal iliac spines, the spinous process 


with lido - 


Sacrum 


of 17, and the median sacral crest ; Figs. 12-3 and 12-4}; in¬ 


sert the spinal needle through the skin with the bevel era- 
niad , Penetrate the skin on 
to the skin in the center of the space between 17 and S1. As 
alternative, penetrate the skin on the dorsal midline im¬ 
mediately behind and parallel to the spinous process of L7 1 
If one m ethod is unsucces s ful try the other method. Advance 
the needle through the subcutaneous tissues, the 

ligament, the interspmous ligament , and the 


the dorsal midline perpendicular 


an 


s up raspi n ou s 

ligamentum flavum into the epidural space . In dogs (but not 

pop or change in resistance to the advancement 
of the needle usually is apparent as the ligamentum flavum 
is penetrated. if the spinal needle strikes bone during ad¬ 
vancement , fbe caudal aspect of the spinous process of 17 
the cranial aspect of SI may hove been encountered. In that 

ithdraw the needle slightly, alter the angle of the nee¬ 
dle's penetration craniad or coudad (based on the position 

of the needle in reference to 17 or SI) and gently advance It 
off the edge of the bone. If this is unsuccessful remove the 
needle f palpate the landmarks , and try again. Jo confirm 
needle placement, remove the stylet and check for CSF or 
blood; no CSF should be encountered when performing an 
epidural, Gentle aspiration may be performedif CSF is en¬ 
tered, reduce the dose of local anesthetic by 50%; if 
is encountered , rep/ace the stylet and reposition the 
needle . In dogs , there should be no resistance to an injection 

of 0.5 ml of air (0,5 ml of air and 0,5 ml of saline may be 

used; watch the fluid line for resistance}; use less in cats (0.1 
to 0.2 ml of air). After the appropriate epidural drug has 
been injected , replace the stylet, remove the needle , and po¬ 
sition the patient with the affected side (operative site) down. 

followed when placing an epidural 


in cats), a 




or 


FIG 12-3 

Dorsal view of a dog showing palpable landmarks for injec¬ 
tion of an epidural anesthetic or analgesic. 


case, w s 


or mild sedation, minimal nausea and vomiting, and occa¬ 


sionally urinary retention. Opioid administration may cause 
marked sedation, nausea, vomiting, urinary retention, 
and/or pruritus. With respect to cardiopulmonary function, 
epidural administration of a local anesthetic may result in a 
decrease in the heart rate, cardiac output, and blood pres¬ 
sure. Postural hypotension can be expected. Local adminis¬ 
tration at appropriate doses usually does not impair the res¬ 
piratory system, but excessive doses can cause respiratory 
failure or convulsions or both. Opioid administration at ap¬ 
propriate doses produces minimal change in the heart rate, 
cardiac output, or blood pressure but may cause early and 
late respiratory depression. The respiratory depression can 
be antagonized. 


coun 


blood 


A similar procedure 
catheter; the bevel of a Touhy needle directs the catheter cra¬ 
niad and facilitates catheter placement. Before injecting the 
ep id u ro I drug in to the ca th eter, co n fi rm correct p I a cem en t by 
aspiration to guard against catheter migration and inadver¬ 
tent intravenous or intrathecal injections. 


may be combined with local anesthetics tor 
epidural administration in selected cases. Some opioid 
epidurals (i,e.> morphine) have an extended duration of ac¬ 
tivity and craniad migration as a result of low lipid solubility. 
Morphine (preservative free) epidurals relieve cranial ab¬ 
dominal pain in dogs and cats and provide analgesia for fore¬ 
limb amputations and thoracotomy 


Complications associated with epidurals or epidural 

and usually not serious. Generally, 
from epidurals include infection, hernor- 

anesthesia. Local 
sensory and motor 

blockade, whereas opioid administration affects only sen¬ 
sory function. Local anesthetic administration results i 


catheterization are rare 
complications 

rhage, and failure to produce analgesia or 
anesthetic administration results in 


Nonsteroidal Antiinflammatory Drugs 

Nonsteroidal antiinflammatory drugs (NSAIDs) produce 
analgesia and reduce inflammation, NSAIDs have been used 
for treating chronic pain and arc only now being investi- 
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Physical therapy, such as massage, exercise, and hydrother¬ 
apy may provide for earlier return of function and mainte¬ 
nance of range of motion and may reduce fibrosis and mus- 

such as acupuncture, 
magnetic therapy, chiropractic therapy, holistic herbal ther¬ 
apy, and nut rice utica Is, may be considered by some veteri¬ 
narians and owners for patients that have not responded to 
conventional therapy. The American Veterinary Medical As¬ 
sociation has published guidelines for alternative and com¬ 
plementary veterinary care. 
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POSTOPERATIVE PATIENT EVALUATION 
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Generally, patients should be treated for pain for l to 3 days 
after surgery. The same variables that are monitored to de¬ 
termine if a patient needs analgesia are monitored to assess 

the efficacy of treatment. Heart rate, respiration, blood 
pressure, body temperature, and mucous membrane color 
should be monitored in postoperative patients. Successful 

analgesic therapy often causes these 
Additional physiologic measurements should be taken 
dictated by the patients status. Analgesia may cause the pa¬ 
tient to be sedate, but it should be arousable; it is appropri¬ 
ate for the animal to sleep. It may be difficult to assess the 
amount of pain in a heavily sedated animal accurately As 
the effects of sedatives and anesthetics diminish or if anal¬ 
gesics are used that do not cause sedation, it usually be¬ 
comes easier to evaluate the patient's status* The patient 
should be monitored for normal behavior, such as eating, 
drinking, urinating and defecating (and, with cats, appro¬ 
priate use of the litter box), grooming, and attention to the 
environment, all of which indicate that the patient is not in 
severe pain 
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variables to normalize. 
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FIG 12-4 


Anatomy of the dog pertinent to placement 
epidural anesthesia. Note the placement of the needle. 


of a needle for 


gated for acute pain. Most NSAIDs are marketed as oral 
preparations and have not been used in perioperative pain 
management They can be associated with clotting prob¬ 
lems, gastrointestinal ulceration, and possibly renal dam¬ 
age, which limits their utility tor perioperative administra¬ 
tion. NSAIDs have not been used extensively in cats because 
of toxicity. Newer NSAIDs include drugs that are more effi¬ 
cacious analgesics with fewer side effects; some are available 
as injectable preparations. As a result, their use in the peri¬ 
operative period is likely to increase. Perioperative adminis¬ 
tration of NSAIDs should be accompanied bv fluid therapy. 
Generally NSAIDs should be used only in healthy, young, 
nurmotensive, normovolemic animals with no evidence of 
gastric ulceration, bleeding diathesis, or compromised renal 
function. Carp ro fen and etodolac are approved for use in 

dogs and have label doses. These drugs are commonly ad¬ 
ministered after orthopedic procedures to patients in stable 

condition. Other NSAIDs are under investigation for use in 
veterinary species; individual NSAIDs should not be used 
unless there is evidence of safety and efficacy in the target 
species. 

Gastrointestinal disorders are the most common effect 
of NSAIDs. NSAID agents that are more cyclooxygenase-2 
(COX-2)-specific may offer protection from inflammation 
with less gastrointestinal damage, it may be prudent for vet¬ 
erinarians to add drugs to the NSAID regimen for treatment 
and prophylaxis of ulcers; if used in cats, care should be 
taken to avoid constipation. 

Other Treatment Options 

Few controlled studies have examined the outcome of com¬ 
plementary and alternative therapies for pain management. 
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Endoscopy: General 


Principles and Techniques 


INDICATIONS 


can be removed endoscopic ally without undue risk to the pa- 
tient. Objects that are out of reach of the endoscope, that can¬ 
not be firmly grasped or trapped by endoscopic snares, or that 
may cause severe damage if endoscopic removal is attempted 
must be removed surgically; such objects include linear for¬ 
eign objects that have been present for several days and objects 
with sharp edges or points that cannot be covered during re¬ 
moval. Rectal and gastric polyps can be removed endoscopi- 
cally although endoscopic snares fitted for electrocautery are 
required. However, because rectal polyps usually are found 
close to the rectum, surgical removal often is just as easy. En¬ 
doscopic polypectomies should be attempted only if the prac¬ 
titioner has been trained in endoscopic electro cautery 

Percutaneous placement of gastrostomy feeding tubes 
be done with or without endoscopy (see p. 78). Endo¬ 
scopic placement of such tubes is indicated when the 
nonendoscopk apparatus for placement cannot be sately 
passed through the esophagus, such as when esophageal 
stricture or dilatation is present, or when the endoscope is 
already in the stomach for some other purpose. Endoscopic 
placement includes insufflation of the stomach, which is 
advantageous because insufflation helps prevent other ab¬ 
dominal organs from becoming trapped between the stom¬ 
ach and the abdominal wall. 

Endoscopic dilatation of benign esophageal strictures, 
such as those caused by cicatrices, is preferred to surgical re¬ 
section. The stricture can recur after either method, but sur¬ 
gery may be associated with greater postprocedural morbid¬ 
ity and mortality and has a higher recurrence rate. 

Severe upper gastrointestinal hemorrhage and persistent 
vaginal hemorrhage are indications for endoscopy. Preoper¬ 
ative endoscopy may help determine if surgery is indicated 

ensure that all bleeding sites are located. Intraoperative 
endoscopy is indicated to find bleeding gastric mucosal 
lesions that are difficult to detect from the serosal surface; 
large ulcers may be missed when the stomach is examined 
only through a gastrostomy incision. Severely hemorrhaging 
lesions may require endoscopic electrocautery or injection 
with absolute alcohol. Endoscopy may also detect small mu¬ 
cosal tumors indiscernible from the serosal surface. 


Although endoscopy occasionally is used to dilate a stricture, 
control hemorrhage, remove part or all of an organ, insert a 
tube, or remove a foreign object, its primary use in veterinary 
medicine is to visualize and biopsy organs (Table 13-1). Unless 
a specific contraindication exists, such as coagulopathy or the 
risk of perforation, biopsy sho uld be p erformed regard le ss of 
the gross mucosal appearance. Tissue samples obtained by 
flexible endoscopy usually are limited to the mucosa and adja¬ 
cent submucosa, but such samples appear adequate for diag¬ 
nosis in more than 80% to 90% of cases of gastric or intestinal 
infiltrative disease, such as inflammatory bowel disease, histo¬ 
plasmosis, or neoplasia* Flexible endoscopy cannot be used to 
diagnose disorders present only beyond the reach of the endo¬ 
scope (e.g„ focal carcinoma of mid-jejunum) or too deep in 
the mucosa for the endoscopic biopsy forceps to reach. The lat¬ 
ter problem is more likely with scopes that have smaller biopsy 
channels (i.e„ 2 mm or smaller). However, no flexible biopsy 
forceps arc adequate for densely fibrotic lesions (e.g., pythiosis 
or scirrhous carcinoma) or the occasional lesion that is deeply 
submucosal ('e.g., tumors). Tissue samples obtained by rigid 
colonoscopy can be almost as deep and large as full thickness 
samples obtained surgically. Rigid biopsy instruments typically 
procure large, deep samples that include mucosa and sub mu¬ 
cosa. For these reasons, rigid endoscopy is appropriate even 
when dense, fibrotic, submucosal lesions are suspected. 

Cytologic studies from endoscopic brushings or washes 
can be diagnostic for some disorders, such as cancer, histo¬ 
plasmosis, protothecosis, and eosinophilic enteritis. In fact, 
histoplasmosis occasionally has been diagnosed cytologically 
when it was missed histologically. However, most inflamma¬ 
tory bowel diseases, especially lymphocytic-piasmacytic dis¬ 
orders, cannot be definitively diagnosed through cytologic 
methods. Washings are especially useful in the respiratory 
tract to diagnose inflammatory or infiltrative problems, but 
they may also be useful when looking lor gastric Oil ul anus 
tricuspis infestation. 

Endoscopy is the preferred means of removing foreign ob¬ 
jects. Most esophageal, nasal, tracheal, and laryngeal foreign 
objects, as well as many gastric and duodenal foreign objects, 


103 









104 


PA RT II Endoscopy 


TABLE 13-1 


Primary Endoscopic Procedures in Dogs ami Cats 


Ga stroduodeno sc o p y 

Gastric and intestinal biopsy for infiltrative disorders 

* Identification of a mass or of ulceration 
Physalopfera infestation 

* Identification and removal of foreign objects 

* Placement of a gastrostomy tube 

* Location of lesions (e.g., u 

Esophagoscopy 

* identification and removal of foreign objects 

* Diagnosis and dilation of strictures 

* Diagnosis of esophagitis 

* Biopsy of tumors 

Proctoscopy and Colonoileoscopy 

* Biopsy of the colon, ileum, or cecum for infiltrative dis¬ 
orders 

* Identification of occult whipworm infestation 

* Removal of 

* Diagnosis of intussusception 

Laryngoscopy 

* Identification of laryngeal paralysis 

* Identification of elongated soft palate 

* Location and removal of foreign objects 

* Biopsy of a mass 


Bronchoscopy 

Identification of lesions (eg,, collapsed trachea, Oskrus 
os/eri infestation) 

Bronchoalvealar lavage 

* Identification and removal of foreign objects 

* Identification of lung lobe torsion 

* Biopsy of mucosa |e.g., with chronic bronchitis) 

Rhinoscopy 




* 


, erosion, or 




cer) during surgery 


Identification and removal of foreign objects 
Biopsy of moss lesions and mucosa for infiltrative 




Identification and biopsy of aspergilfomas 

• Identification of source of epEstaxis or chronic nasal dis- 
c h a rge 

Posterior No res Examination 

• Identification and removal of foreign objects 

• Identification of and biopsy of proliferative disorders 

• Identification of nasal mites 

Laparoscopy 

• Examination and biopsy of abdominal viscera 




polyp 
f intus 
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EQUIPMENT 
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The equipment needed depends 
and the body system to be investigated, Basically, there 
rigid and flexible endoscopes, both types having advantages 

vantages (Table 13-2), that are available in a large 
assortment of sizes and lengths. The flexible endoscopes 
most often used in veterinary medicine are gastrodno- 
denoscopes, bronchoscopes, and colonoscopes, Flexible 
scopes have a handle; an insertion tube, which is the part in¬ 
troduced into the animal; and an umbilical cord, which at¬ 
taches the scope to the light 
scopes usually have a 2- 

gastroduodenoscopes a 7.9- to 10-mm outer diameter, and 
colon os copes a 3 0- to 16-mm outer diameter. All 
should have a biopsy-suction channel (usually 2 
ameter for bronchoscopes and 2 to 3,2 

duodenoscopes and colonoscopes), Gastroduo den os copes 

and coionoscopes have four-way deflection of the tip of the 
scope and an air-water channel that is used to insufflate air 

wash off the viewing lens; bronchoscopes typically have 
only two-way deflection of the tip and do not have 
water channel. The insertion tube usually has 
length of 40 to 60 cm in bronchoscopes, 100 to 135 cm i 
gastroduodenoscopes, and 130 to 220 cm in coionoscopes. 
The ideal assortment of flexible 


the type of endoscopy 
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source (Fig. 13-1). Broncho- 












to 6-mm outer diameter, 


FIG 13-1 

Flexible gosfrod u ode noscope, showing the 

(Aj f which attaches the scope to the light source, the handle 

l&), ond the insertion tube (Cj f which is introduced into the 
animal. 


scopes 


umbilical cord 


mm m 




eter with a 2.8-mm channel). This assortment allows opti¬ 
mum instrumentation for almost every case. If you wish to 
purchase a fourth scope, you may want to consider 
pediatric colonoscope 

ureteroscope. If you can purchase only two scopes, which 
will be used for both alimentary and respiratory tract work 
the author recommends a bronchoscope (4- to 5-mm diam¬ 
eter) and a gastroduodenoscope (8.5- to 9-mm outer diam¬ 
eter with a 2.8-mm channel). 11 you want only one scope and 
your clinic wishes to perform both respiratory and alimen- 


an arr- 


a L6-m 


a working 


or an ultra thin bronchoscope nr 


in 




scopes 

one bronchoscope (4- to 5-mm diameter), one pediatric gas¬ 
troduodenoscope (7.9-mm diameter with a 2-mm channel), 
and one regular gastroduodenoscope (8.5- to 9.8-mm diam- 
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TABLE 13-2 


at 
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Comparison ot Flexible and Rigid Endoscopes 


I 


* L4t 
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Flexible 

* Greater access to more sites 

* Expensive 

* Easy to damage 

* Requires substantial training to use properly 

Rigid 


llUftl i|j| 


I to ,41 




/. t 

4 
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"V 


* Less expensive 

* Usually more durable 
f Easier to learn to use 

* Capable of larger biopsies 

* Excellent for removing foreign objects and protecting 

mucosa 

* Can access only the esophagus, descending colon, lar¬ 
ynx, nose, and trachea 




FIG 13-2 


Detai' of flexible biopsy forceps with an ellipsoid, alligator 
jaw configuration. The upper forceps is used for a 2.8-mm 
channel, the lower one for a 2.2-mm channel, (From Vet Clin 

North Am, 31[4):631,2001.) 


mry tract endoscopy, a 7.9-mm outer diameter pediatric gas- 
trod node no scope is the best compromise. If you wish to ob¬ 
tain only one scope and it will be used only for alimentary 
tract endoscopy, a 8.5- to 9-mm outer diameter scope with a 
2.8-nun channel is preferred. 

Biopsy and foreign body retrieval forceps tor flexible 
scopes come in various shapes. The size of the forceps de¬ 
pends on the size ot the biopsy-aspiration channel; the larger 
the channel, the bigger or stronger the biopsy or retrieval de¬ 
vice that can be used. If possible, a scope with a 2.8-nun 
channel should be used tor most alimentary tract endoscopy 

weighing more than 3.2 kg. The tissue 
sample obtained through a 2.8-mm channel can be more 
than twice the size of a sample obtained through a 2-mm 
channel. These larger pieces of alimentary tissue often 
tain the full thickness of the 
The author prefers fenestrated biopsy forceps i 
alligator jaw configuration without a needle (Fig, 13-2'). Dis¬ 
posable biopsy forceps are widely used in human medicine 
but seem to have few advantages in veterinary medicine. 

A variety of special retrieval instruments are needed to 
reliably remove most commonly encountered foreign ob¬ 
jects. The most useful devices are a coin retrieval (W-type) 
forceps, a shark's tooth forceps (especially useful for firmly 
grabbing cloth), and a 4-wire basket (Fig. 13-3). The basket 
should be made of very flexible wire to facilitate passage over 
and around an object; however, this quality also makes it 
ier to bend the wire and ruin the basket. Other retrieval de¬ 
vices include wire snares, 3-wire grabbers, magnetic-tip 
probes, and forceps with nonskid rubber; these instruments 

are seldom required. 

A variety ot flexible endoscopic biopsy instruments, 
snares, knives, and probes have electrocautery capability. 
The electrocautery snares are most commonly used because 
they allow removal of esophageal, gastric, and colonic 
polyps. However, inappropriate use of these instruments can 
damage the video processor and cause patient morbidity, 


in dogs and for cats 


com 

mucosa and some submucosa. 


in an e 


FIG 13-3 


A f Tips of three commonly used foreign body retrieval 
forceps. Top to bottom: Coin retrieval forceps 
forceps, and shark's tooth forceps. The coin retrieval and 

rat's tooth forceps can pass through a 2-mm channel; the 
shark's tooth forceps requires a 2.8-mm channel. B, At top 
a 4-wire basket that works well because of the extreme 
flexibility of the wires. The 4-wire bosket below does not 
open as widely and has wires so firm it is difficult to 

the foreign body. 


ensnare 
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neons prepubic cystoscopy, the scope and cannula often are 


therefore they should not be used without specific training 


not readily adaptable to other procedures. 


in their operation. 


Rigid colonoscopes (typically human sigmoidoscopes) 


EQUIPMENT CARE 


are plastic or metal tubes that vary in size 


and proctoscopes 


Endoscopes are easily damaged or ruined. Access to the endo- 


and length, with an obturator and a light source. Air can be 


scopic equipment should be limited to a few essential individ- 


insufflated into the colonic lumen with a coionoscope but 


uals, including those who set it up and clean it (Table 13-3 i. 


not with most proctoscopes. A better examination 


When not in use, flexible scopes should be hung vertically on 


colonic lumen is possible with longer scopes of larger diame 


a rack. If it is absolutely necessary to store a flexible endoscope 


ter. The minimum recommended working length for colono- 


in its carrying case, extreme care must be taken to ensure that 


scopes is 25 cm, and 35 cm is preferred. Most dogs, except the 


the insertion tube is not caught between the edges of the case 


toy breeds, tolerate a 15-mm inner diameter scope, but a 19- 


La common way that fiber bundles are broken). Newer flexible 


io 25-mm diameter scope should be used whenever possible. 


scopes are immersible, including the handle; however, older 


Rigid scopes must allow simultaneous viewing of the 


m u co sa 


fiberoptic scopes can be severely damaged i 


and insufflation of air. Unlike flexible scopes, r igid colono- 


water penetrates 


the handle through a seam during the endoscopic procedure 


scopes do not allow simultaneous insufflation and biopsy. A 


or cleaning. Water must not be splashed on the light source or 


suction tube that can be inserted through the lumen is im- 


other electronic equipment, and surge protectors should be 


portant for removing debris. A variety of anoseppes and 


used. Only water-soluble jelly should be used as a lubricant on 


proctoscopes in different lengths (usually 90 to 120 mm) and 


flexible instrument, because petroleum-based substances 


diameters (usually 14 to 22 mm) should be available. Biopsy 


ca n sh or t en the li fe s pa n o f so me of th e r u b b e r or pi astic cow 


forceps used with rigid colonoscopes and proctoscopes 


erings. A mouth gag should always be used; never introduce 


? lip that cuts the mucosa 


shou Id h a ve a sh ear big o r sc iss o dike 


the insertion tube into the mouth of an unanesthetized ani- 


(Le., a small punch that fits into a larger diameter cup) rather 


mal. The insertion tube must not be bent into an acute angle, 


than a clamshell tip that grasps and tears tissue (Fig. 13-4). 


especially at the j line lion of the insertion tube and the handle 


Rigid cystoscopes, laparoscopes, and arthroscopes consist 


or the fiber bundles can be broken. Care must be taken to 


of an outer cannula that is inserted into the cavity to be ex 


avoid biopsying the insertion tube when biopsying with the 


amined and a separate viewing telescope (which is also re 


tip of the scope maximally retroflexed. An instrument should 


sponsible for directing light) that is inserted through the 


be forced through the biopsy channel, especially when 


cannula and into the cavity. Large-diameter (10 mm) la 


never 


the tip of the scope is markedly deflected. If fine, rough mate- 


pa roscopes may also have a channel that allows simultane- 


riai, such as sand, is aspirated inio the biopsy channel, it can 


ous insertion of a biopsy instrument (e.g., single-puncture 


damage the channel (i.e., cause a leak) when a biopsy instm- 


laparoscope). The cannulas used for cystoscopes typically a I 


mem is inserted. The insertion tube, especially the tip, should 


low concurrent infusion of a fluid such as saline into the area 


not be allowed to strike a hard surface. 


being examined to dilate the urethra and bladder and wash 


The scope should be cleaned after each procedure, and the 


away blood, mucus, and other debris. Both arthroscopes and 


manufacturer's recommendations should be I olio wed explic- 


cystoscopes can be used for rhinoscopy. Although laparo 


itly. Generally, a leakage test should be preformed first be 


scopes can be used for other examinations, such as percuta- 


TABLE 13-3 


Basic Cleaning of Flexible Endoscopes* 


* Perform leakage test first. 

* Aspirate approved detergent through biopsy channels. 

* Brush biopsy channels and reaspirate. 

* If appropriate, aspirate disinfectant solution through 

biopsy channels. 

* Aspirate distilled water and then alcohol through 
biopsy channels. 

* Aspirate air until biopsy channels are dry. 

* Clean air-water and suction valves. 


* Lubricate air-water and suction valves. 


Flush all water out of air-water channel 


FIG 13-4 


Clean exterior of scope with approved detergent and 


Tips of two types of rigid biopsy forceps. The upper forceps 


wa te r. 


forceps, also known as a clamshell 
douple-spoon forceps. The lower forceps has a smaller 

larger lower cup with a shearing 


is a human 


* Clean and dry biopsy and foreign body retrieval 
forceps. 


or 


punch that fits into a 


? 


upper 

action, much like the blades of a scissors. (From Tams TR: 
5ma// animal endoscopy r , ed 2, St Louis, 1999, Mosby.) 


Alwctys see manufacturer's recommendations. 
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cause it is much less expensive ro repair a leaking scope before 
water leaks into the insertion tube* Next, all water should be 
expelled from the air-water channel, and the suction and 
biopsy channels should be cleaned with an approved deter¬ 
gent or cleaner* Anytime a disinfectant is used on a flexible 
scopej the manufacturer s recommendations should be fol¬ 
lowed to avoid damaging the equipment. A brush is used to 
remove adherent material from the biopsy channel. After 
these channels have been cleaned, alcohol and then air are 
pirated through the channels until they are dry Cleansing 
and disinfection of flexible scopes usually is adequate; sterili¬ 
zation is rarely needed. If sterilization is needed, only ap¬ 
proved coId-sterilization solutions or ethylene oxide (see 

manufacturer's recommendations) should be used. 

Rigid scopes usually are more resistant to damage than flex¬ 
ible eq u i pmen t and requi re rel at ivel y simpl e care, such as wash - 
Eng in an approved detergent solution. Care must be taken to 
avoid hitting the lenses in the tips of some rigid scopes, such as 
cymoscopes. Sterilization of rigid equipment may involve auto- 
cl.wing, but hydrogen peroxide plasma sterilization is preferred. 


usually can be obtained if the organ is not excessively dis¬ 
tended with air. Both grossly normal and apparently dis¬ 
eased mucosa should be biopsied. Always note the difficulty 
involved in biopsy!ng a particular lesion; some infiltrative le¬ 
sions (i.e., scirrhous carcinomas and pythtosis) characteris¬ 
tically produce so much dense connective tissue that the 
flexible biopsy forceps cannot "bite' 1 into the tissue and tear 
off a piece. Such a finding is an indication for full thickness 
biopsy. Proliferative lesions can exist below the mucosa so 
that only normal-appearing mucosa is seen overlying a mass 

repeated biopsies in the same spot (i.e., 
'drilling for oil 11 ) sometimes allow you to reach the underly¬ 
ing lesion. Biopsying is often best performed when the 
opened biopsy instrument can be pushed against the mu¬ 
cosa at a near 90-degree angle. In the intestines, the turn and 
suction technique often is used to achieve such an angle* 

Advance the biopsy forceps through the channel I hen open 
the jaws of the forceps and withdraw it until the opened jaws 
are flush with the tip of the endoscope * Flex the tip of the 
scope so that if is turned into the mucosa at as close to o 90- 

possible; suction air out of the intestine, 
thereby drawing mucosa 

vance the forceps into the mucosa until moderate resistance 
is felt (do not advance the forceps so much that the cable on 
the instrument begins to bow excessively) and close the jaws, 

to straighten the tip of the endoscope before with¬ 
drawing the forceps. 


as- 


effect; in such cases 


ANTIBIOTICS 


degree angle 


as 


Preprocedural administration of antibiotics is not required 
for routine endoscopies, including cystoscopy and la¬ 
paroscopy, unless the patient has valvular cardiac defects or 

im mu nosup pressed. 
Esophageal ballooning is associated with bacteremia, and 
prophylactic use of antibiotics in such cases is reasonable* 
Use of antibiotics after foreign body removal may be reason¬ 
able if significant ulceration or perforation has occurred. 


into the jaws of the forceps. Ad 


prosthetic implants 


or is s eve re ty 


6e sure 


Obtain at least eight biopsies of each pari of the ali¬ 
mentary tract to try to ensure that (1) sporadic and scattered 
lesions are sampled and (2) some tissue samples will be ori¬ 
ented optimally to maximize histologic interpretation. 
Intestinal, nasal, and gastric fundus and body mucosa are 
relatively "soft'' and easy to biopsy. Pyloric and antral 
mucosa are tougher, and the mucosa may need to be 
grasped more firmly to pull off an adequate piece. Normal 
canine esophageal mucosa is so tough it is almost impos¬ 
sible to obtain an adequate tissue sample with routine 
flexible forceps* Normal tracheal mucosa is so thin it is diffi¬ 
cult to obtain an adequate sample for histopathologic 

studies. 

Using a needle, carefully retrieve mucosal samples from 
the biopsy forceps and place them mucosal side up on a plas¬ 
tic sponge, cucumber slice, or piece of paper without dis¬ 
torting them. Gastric, colonic, and nasal mucosa are rela¬ 
tively sturdy, but the mucosa of the small intestine is delicate 
and must be handled carefully to avoid artifacts* Place the 
sponge, cucumber slice, or piece of paper with the biopsies 
on it upside down in a vial of neutral buffered formalin. Do 
not allow the samples to dry out excessively before they are 
fixed. 


PROCEDURES 


lour basic principles should guide most endoscopic pro¬ 
cedures; 

]. Ad van ce th e scop e o nly i f yo u ca n s ee wh ere you a re 
going, 

2, If you cannot see what is happening (i.e., a condition 
known as a red out), back the scope out a little rather 
than advancing it, or insufflate a little air into the lu¬ 
men (or do both). 

3, Unless you need to look at a specific lesion, atm the 
scope toward the center of the lumen. 

4, Do not insert the endoscope into your patient any 
harder than you would want a physician to insert it 


There are exceptions to these rules, but very few. Beware 
of excessive insufflation of the alimentary tract and obstruc¬ 
tion of the respiratory tract. In general, the largest scope that 
can safely be used allows better visualization and larger 
biopsy samples, as well as use of better foreign body retrieval 
devices. The following sections describe selected techniques 
that might be performed in a variety of locations (see Chap¬ 
ters 14 through 17 for endoscopy of specific areas). 

Biopsies 

With flexible instruments, the largest biopsy instrument 
possible should be used. Better pieces of alimentary mucosa 


Cytologic Preparations 

Atake cytologic preparations (i.e., squash preps) by puffing 
a small piece of mucosa between two glass slides , Press the 
slides together and then pull them apart either vertical\y 


or 
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horizontally : As an alternative f use an endoscopic brush; 
tightly rub the extended brush against the lesion (do not 
cause hemorrhagej and then rub it against a glass slide., For 
cytologic studies or very fibrotic lesions that can be obtained 
only with rigid forceps v scrape the cut surface of the sample 

with a scalpel blade and make a squash preparation of the 

material obtained. 

Washes 


4, When an object has been snared, do not pull it out 
against undue resistance. Resistance is expected at the 
lower esophageal sphincter (gastric card la), the base of 
the heart, the thoracic inlet, and the cricopharyngeal 
area. If inappropriate resistance is noted, it maybe bet¬ 
ter to release the object and perform surgery. 


POSTENDOSCOPY CARE 


Special care is not needed after routine biopsy of the ali¬ 
mentary or respiratory tract, although nasal hemorrhage can 
be severe, at times requiring surgery Slight hemorrhage is 
expected after other procedures but invariably stops sponta¬ 
neously shortly after the procedure. If excessive hemorrhage 
persists, which is very rare, repeat endoscopy may be needed 
to find the bleeding lesion and cauterize it. If hemorrhage 
continues inappropriately after routine biopsy a coagulopa¬ 
thy should be considered. Whenever a foreign object has 
been removed, the mucosa should be reevaluated for erosion 
or ulceration and other foreign objects or lesions. If perfora¬ 
tion is a concern, radiograph the appropriate body cavity to 
look for pneumothorax or pneumoperitoneum. Antibiotic 
regimens effective against aerobic and anaerobic bacteria of¬ 
ten are useful in such cases. Such a regimen might be en- 
rotloxacin, 20 mg/kg given IV sId, plus either amoxicillin 
(2 2 mg/ kg SQ) o r dindamyc in (II mg/ kg IV) given rw ice a 
day. If severe ulceration is a factor, it may be useful to bypass 
the affected portion with a feeding tube and use antacids 
(e.g., ranitidine [2.2 mg/kg IV] or famotidine 10.5 mg/kg IV] 
given twice a day) or protectants (e.g., Carafate, 0.5 to 1 g 
given two to four times a 
paroscopy has been used to biopsy a parenchymatous organ 
such as the liver or kidneys, observe the patient closely for 
2 to 4 hours to ensure that excessive hemorrhage docs not 
occur. Also observe the patient for any evidence of infection. 


sterile polyethylene or similar tube through the 

biopsy channelposition the tip of the tube as desired, instill 

the solution (usually physiologic saline solution or Hank's 
buffered salt solution), and apply suction . Do not place the 
tip of the tube too close to the mucosa , or it may become 
plugged with tissue. Use only enough suction to retrieve the 
fluid. As an alternative, aspirate the sample directly through 

the endoscopic biopsy channel 


a 


Foreign Body Removal 

Each foreign object must be considered individually because 

endoscopic removal may be more damaging 
to the patient {e.g., perforate the tract) than the foreign ob¬ 
ject (Table 13-4). It is also possible to “grab” a foreign object 
and find that it neither be removed nor released, necessitat¬ 


ing surgery to retrieve the endoscope. There are numerous 
techniques for foreign body removal, but some basic princi¬ 
ples always apply: 

L Always radiograph the animal immediately before in¬ 
ducing anesthesia. Some foreign objects that have been 
present for weeks pass out of reach of the scope just 
before the procedure is performed. 


day PO) 


or both. When la- 




2. Do not just grab the object and pull The object may 


need to be repositioned or turned to allow the forceps 
to obtain the best grasp on it. It may also be necessary 
to orient the object to make it easier to pull through 
the sphincters. 

3. Select the retrieval forceps that allows the firmest grasp 
on the object 
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TABLE 13-4 


Advantages and Disadvantages of Endoscopic Removal 
of Foreign Objects 


Advantages 

* Often quicker than surgery 

* Often less stressful to the patient 

* Reduced morbidity and recovery time 

Disadvantages 

* Cannot remove all objects 

* Can hurt animal with careless technique 

* Requires an assortment of expensive foreign body re¬ 
trieval forceps 
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GASTRODUODENOSCOPY 
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1 


Gastroduodenoscopes generally must have an insertion tube 
of at least I m working length, four-way deflection of the tip, 

a biopsy channel, an air-water channel, and suction capabil¬ 
ity, The outer working diameter of the scope is important 
and usually should be 9.4 mm or smaller. The smallest 
diameter scopes (i.e„ pediatric models with a 7.9-mra or 
smaller outer diameter) are easier to pass into the duode¬ 
num, especially in cats, but have smaller biopsy channels 
(i.e„ 2 to 2,2 mm), which are undesirable. With practice, a 
9-mm outer diameter scope with a 2,8-mm biopsy channel 


INDICATIONS 


Gastroduodenoscopy (Tables 14-1 and 14-2) is principally 
used to biopsy the stomach and duodenum (and occasionally 
the proximal jejunum) in animals with signs that suggest gas¬ 
trointestinal infiltrative, erosive, or ulcerative disease (e.g., 
anorexia, vomiting, diarrhea, or weight loss). It is also valuable 
for removing foreign objects, locating bleeding sites (especially 
before surgery), and recognizing gastric outflow obstruction 
arising from benign or malignant causes. Occasionally it re¬ 
veals parasites, such as Physaloptera spp, and Ollukmus trims- 
pk Unless contraindicated (e.g., coagulopathy), biopsies of the 
gastric and duodenal mucosa should always be obtained. 


TABLE 14-2 


Common Errors in Gastroduodenoscopy 


* Not eliminating common causes of upper gastrointesti¬ 
nal problems first, such as dietary intolerance, para¬ 
sites, and bacteria 

* Not fasting animals long enough before the procedure 

riate narcotic preanesthetic agents that 
to enter the duodenum 

* Performing barium gastrograms shortly before the 
procedure 

* Using Carafale before examining the stomach for 
u leers 

* Not radiographing patients with foreign objects imme¬ 
diately before the procedure 

* Tying the endotracheal 

the mandible 

* Not methodically examining the stomach, especially 
the fundus, the lower esophageal sphincter, and the in¬ 
terior of the pylorus 

* Overdistending the stomach 

* Not recognizing lesions that require surgical biopsy in¬ 
stead of endoscopic biopsy 

* Poor biopsy technique (e.g., choice of site, inadequate 
size, or number of biopsies) 

* Poor technique for removing foreign objects (e.g., little 
consideration given to best method for a particular ob¬ 
ject, inadequate selection of foreign body retrieval for¬ 
ceps, not using an overtube when indicated) 

* Not examining and biopsying the duodenum 


fSW TABLE 14-1 


Important Considerations in Gastroduodenoscopy 


ng mapprop 
ke it difficult 


Advantages 

* Minima! patient stress, morbidity, or mortality 

* Can be performed more quickly than abdominal 
surgery 

* Usually diagnostic for infiltrative disorders of the duo¬ 
denum and stomach 

* fietter than surgery for finding mucosal lesions such as 

ulcers 

* Most sensitive means of detecting erosions and ulcers 

* Useful for detecting gastric outflow obstruction 

* Can detect gastric parasites that 
to fi nd 

Disadvantages 

* Cannot examine entire intestinal tract; lesion may be 
beyond reach of scope 

* Biopsies usually adequate but not as good as full thick¬ 
ness samples obtained surgically, especially for submu¬ 
cosal and subserosal lesions 

* Requires expensive, flexible equipment 

* Cannot determine if an ulcer is going to rupture or 

bleed severely just by observing it 


ma 


tube to the maxilla instead of 


otherwise difficult 


ore 
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can routinely be passed into the duodenum of all but the 
smallest animals (he., those weighing 5 pounds or less). In 
our practice we routinely pass a 9,4-mm outer diameter 
scope into the duodenum of small dogs, and it usually can be 
used in cats weighing more than 7 pounds. 








-A* 


































PATIENT PREPARATION 






The animal should be fasted for at least 24 hours, and dry 
foods should be avoided for at least 36 hours. Avoid para¬ 
sympatholytic drugs, which slow gastric emptying, and bar¬ 
ium sulfate, which obscures mucosal detail. 


ANESTHESIA 




p 


! 


Some opioid preanesthetics cause pyloric spasm and should 
be avoided. Ketamine, butorphanoi, and a cetyl promazine 
are excellent preanesthetic agents. Anesthesia 
tained by inhalant agents. 


FIG 14-1 

Normal distal feline esophagus just orad to the lower 
esophageal sphincter, snowing the circular folds 
characteristic of cats. These folds create the herringbone 
pattern seen in the distal esophagus of cats on o barium 
esophagrarTL 


main- 


PATIENT POSITIONING 


Typically, position the patient in left lateral recumbency, al¬ 
though dorsal recumbency occasionally makes it easier to 
enter the antrum. Avoid extensively repositioning the patient 
during the procedure while the endoscope is in the stomach, 
or gastric volvulus may occur. 


may be seen if the stomach is not already distended with ak 
Distend and examine the stomach of animals weighing less 
than AO pounds before passing the scope into the duode¬ 
num. In larger dogs it may be desirable to pass the scope 
into the duodenum first , before distending the stomach wiffi 
air (th is is not usually a concern if a scope with 
di s to nee longer than 1A m is used}. 


TECHNIQUES 


After an adequate plane of anesthesia has been attained [ 
pass the scope through a protective mouth gag to the level of 
the larynx . Always look through the scope as it is advanced. 
Be cognizant of the amount of air insufflated; air insufflated 
into the esophagus can 

the center of the esophageal lumen in the center of the 
scope's viewing field and insufflate sufficient air to distend 
the esophagus 

the cricopharyngeal sphincter and down the esophagus 


When the scope first enters the stomach, little or no detail 
is seen if the stomach is deflated (Fig. 14-2, A). 


pass into and fill the stomach. Keep 


Insufflate the stomach until the surface of the gastric mucosa 
can be inspected (Fig. 14-2, B Ulcers , small growths , and 
parasites hidden between the mucosal folds in on unde¬ 
fended stomach are easily overlooked , 

To examine the cards a and fundus, advance th 
about half way into the gastric lumen and then maximally \ 


the tip of the scope 


advanced through 


is 


e scope 


Normal esophageal mucosa is pale and smooth except 
just caudal to the cricopharyngeal sphincter, where it may be 
slightly roughened. Submucosal blood vessels are typically 
seen, especially near the lower esophageal sphincter. The dis¬ 
tal feline esophageal mucosa has many small folds, which 
correspond to the site of the herringbone pattern seen on 
barium esophagrams (Fig. 14-1). Do not over Insufflate; an 
excessively distended stomach puts pressure on the di¬ 
aphragm, making it difficult for the patient to breath. If gas¬ 
tric distention is dramatic, cardiac output may decline. Also, 
the distance the tip of the endoscope must travel along the 
greater curvature as it approaches the pylorus increases as 
the stomach is distended, and with excessive distention the 
scope may become too short to enter the pylorus. 

The lower esophageal sphincter often appears as a slit, al¬ 
though it may be open. 


deflect the tip back 


itself (Fig. 14-2, Cj, Next f slightly 


on 


withdraw th 


scope from the animals mouth / thus moving 
the viewing lens closer to the cardia. After this area has been 
examined , straighten the tip and redirect it toward the inch 
angularis . As the scope is advanced , the tip slides along 
the greater curvature until the antrum and the incisor angu¬ 
laris are seen (Fig. 14-2/0}. Advance the tip of the scope 
into the antrum until it is immediately in 
(Fig. 14-2, Ej, Keep the pylorus in the center of the field of 
view as the scope is slowly advanced. With the patient In Jeff 
lateral recumbency, the duodenum curves to the right of 
field of vision immediately after the pylorus, and the tip of 
the scope must be correspondingly deflected once you enter 
the pylorus. If the pylorus is open t it is relatively easy to 
ter the duodenum. However, if the pylorus is tightly closed, 
the tip of the scope must be slowly forced through the sph/nc? 
ter Do not attempt to quickly push the tip through the pylorus 
and into the duodenum; also, do not rupture the stem ad) 
by applying too much pressure if you are having difficulty 


e 


Do not attempt to push the scope blindly through this sphinc¬ 
ter if if is closed. Aim the tip toward the slit and carefully ad¬ 
vance it After ente ring the s tomach, a red blur (i. e., red out) 
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HO 14-2 

A, Diagrammatic representation of the technique oF gastroduodenoscopy. The tip of the scope has just entered the stomach, 
which is collapsed because air has not yet been insufflated (the insert shows the endoscopic view at this location). Note the 
prominent gastric rugae and how very little of the gastric mucosa can actually be visualized at this time, B, As air is insufflated 
into the gastric lumen, more of the gastric mucosa can be seen, principally the greater curvature (the insert shows the endoscopic 
view at this location). The gastric rugae are almost gone because of distention of the stomach with air from the endoscope. Note 
how much more of the gastric mucosa can be seen in this view than in the insert far part A, With further insufflation of air, all 
rugae can be eliminated, allowing the endoscopist to view the entire gastric mucosal surface, C, The tip of the scope has been 
maximally retroflexed so that the operator can now see the insertion tube as it enters the stomach at the lower esophageal 
sphincter. This view also allows the best inspection of the gastric fundus, a location where foreign bodies may sometimes be 
found (the insert shows the endoscopic view at this location), D, The tip of the scope has been advanced along the greater 
curvature until; by slightly retroflexing the tip, the incisor angularis, antrum, and fundus can be seen simultaneously (the insert 
shows the endoscopic view at this location). E, The tip of the scape is advanced into the antrum until the pylorus is encountered 
(the insert shows the endoscopic view at this location). This pylorus, seen to the left, is open, A vegetation foreign body con be 
seen to the upper right. The pylorus sometimes is closed, and only a small "slit" or fold indicates the opening. The tip of the 
scope must be deflected to the right just after entering the pylorus, because the duodenum proceeds in that direction. 
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making the tip of the scope pass into the duodenum * Ad¬ 
ministration of metoclopramide or glucagon during the pro¬ 
cedure is unnecessary and does not facilitate the procedure , 
If you hove excessive difficulty entering the pylorus, you con 

pass o biopsy instrument through the scope and into 
closed pylorus to use as a guide wire. However ; this should 
be avoided if at all possible because it usually traumatizes 
the duodenal mucosa and obscures lesions. 


uniform, textured surface (Fig* 14-7, A), Lymphoid follicles 
appear as dished-out areas, 
i4-7, iJ). Small intestinal ulceration usually is denoted by the 
presence of blood; obvious craters are rarely seen* 






often with white spots (Fig. 






Foreign Objects 

Snare the object and draw it up next to the tip of the endo¬ 
scope. Try to position the tip so that it goes through the gas¬ 
tric cardie or pylorus without pressing against one side more 
than the other. Sometimes twisting the scope as it is with¬ 
drawn 
object is 

ible endoscope through a larger diameter rigid endoscope 
rubber tube (overtube). Grab the foreign object and 














The mucosa in the pylorus is the hardest area to evaluate. 
If an ulcer is present here, the pylorus usually i 
than normal because of attendant inflammation, which 
makes it harder to pass the scope tip into the duodenum. In 
addition, it may be difficult to draw the scope tip out 
through the pylorus slowly, which is necessary to examine 
the mucosa. Sometimes there will be no movement of the 
scope’s tip as you withdraw the endoscope because the tip of 

caught” in the tight pylorus; this occurs because 
withdrawing the excessive bend of the insertion tube 
that Is in the body of the stomach. When this excess is gone 
the tip will suddenly "rush" backwards (e,g*, “slingshot”) 
into the body of the stomach, making it impossible to thor 

oughly visualize ihe pyloric mucosa. 

Gastric and duodenal abnormalities may Include mucosal 
discoloration or irregularities, erosions (Fig* 14-3), ulcers 
(Fig. 14-4), foreign objects, growths, and malpositioning. 
Submucosal hemorrhage maybe seen before erosions or ul 
cers are manifest. Erosions appear as blood on the mucosa 
without an obvious mucosal defect, whereas ulcers have an 
obvious mucosal defect. If you are unsure whether a spot of 
blood is from an underlying erosion, gently wipe the blood 
away with the tip of a biopsy forceps* If bleeding recurs 
there is a mucosal defect* Blood in the stomach is red only 
if it is fresh; more often it is a dark brown (Fig. 14-5) and 
resembles coffee grounds or dark bile. If appropriate, inspect 
the gastric mucosal surface before trying to get into the duo 
den urn so that iatrogenic tears (Fig. 14-6) caused by aggres 
sive endoscopic manipulation can be discerned from spon 
taneous lesions. The normal duodenum is pink and has a 




is “ti 




er 








relieving gastric distenHo n facilitates removal, tf the 




still difficult to pull into the esophagus, pass the flex 
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FIG 14-4 

Greater curvature of the stomach with a large, deep ulcer 
believed to have been caused by poor mucosal perfusion 
Compare this picture to that in Fig* 14-3; note the obvious 
mucosal defect in this photograph and the absence of blood. 
This ulcer did not respond to medical therapy and had to be 
resected. 
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FIG 14-5 

Dog's gastric antrum with abundant dark brown-black material 
on the mucosa that is digested blood. Note that the dark, 
digested blood may resemble bile or debris and that it also 
makes thorough examination of the mucosa very difficult. 




FIG 14-3 

Gastric mucosa with bleeding (multiple reddish spots) 
caused by gastric mucosal erosions. 
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A 


FIG 14-6 

Cat s storm 

iatrogenic lesions were caused by forcing the insertion tube 
into the stomach while trying to pass the tip of the scope 
through a tightly dosed pylorus. 


B 


FIG 14-8 

A, Representation of the use of an overtube when removing 
sharp objects. In this view the retrieval forceps has been 
extended and has grasped a sharp foreign object (he*, a 
scalpel blade). The endoscope has been passed through the 
overtube and has been partly retracted into the overtu 

B, The endoscope, the foreign object retrieval forceps, and 
the scalpel blade have been partly retracted into the overtube. 
If possible, the foreign object is drawn completely into the 
overtube, and the entire unit is withdrawn from the patient, 

end of the ova rtube, In this man net the larger diameier aver- 
tuhe further dilates the lower esophageal sphincter and 
makes if easier for the object to pass through the sphincter. 
Remove the scope , over tube, and foreign object as a unit 


e. 


This technique is also useful for pulling objects through 
the cricopharyngeal sphincter and for removing objects with 
sharp edges such as glass, razor blades, and safety pins (Fig. 
14-8). 


When removing linear foreign objects that arc trailing off 
into the duodenum, try to 
through the pylorus and down the duodenum so that the dis¬ 
tal end of the linear object can be grasped. That end is then 
pulled into the stomach, which makes it easy to remove the 
entire object. If the foreign object is relatively thick (e.g., doth 
or cotton ) rather than thin f e.g., twine, string, or narrow strips 
of cloth), the endoscopist can try to pull it into the stomach by 
grasping it near the pylorus. However, this approach risks rup¬ 
turing the duodenum, especially if the foreign object has been 
present lor 2 days or more. If the orad portion of a linear 


FIG 14-7 

A f Normal duodenum showing a small prominence at the 
9 o'clock position; this is the duodenal papilla, B, Normal 
canine duodenum with lymphoid follicles (depressed area 
at the 3 o'clock position). 


again pull it up to the tip of the endoscope. Carefully pass 
the overtube down the flexible scope until the overtube en¬ 
ters the stomach . Then carefully draw the flexible scope (with 
the foreign object as close to the tip as possible) as far info 
the overfdbe as possible so that the object is up against the 
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foreign object is lodged in the stomach because it cannot pass 
through the pylorus, it occasionally is possible to use the en¬ 
doscope to push this part into the duodenum, allowing the 
entire object to pass through the intestines. 

Endoscopic Placement 
of a Gastrostomy Tube 

Endoscopic placement of gastrostomy tubes (see pp. 81-84), 
has largely been replaced by nonendoscopic techniques. 
The nonendoscopic procedure is described in detail on 
pp, 78-8 L Endoscopic placement has the advantage of insuf- 
fluting the stomach, which pushes other abdominal organs 
out of the path of the catheter. However, nonendoscopic 
techniques may also use insufflation. 

Suggested reading 


TABLE 14-3 


Common Errors in Esophagoscopy 


* Performing a recent barium esophagram that obscures 


animal with esophagea 


* Insufflating excessive air in an 
obstruction, causing gastric hyperdistention, and then 
being unable to enter the stomach with the scope and 
relieve the pressure 

* Trying to evaluate the esophagus for dilatation endo 
scapicalty instead of radiographically 

* Not recognizing partial strictures in large dogs 

* Trying to oiopsy the esophageal mucosa with flexible 

forceps 

* Using flexible endoscopes to remove foreign objects 
when rigid scopes are available 

* Poor technique in removing foreign objects |e.g, 
pulling too hard) 

* Insufflating air into the esophagus of animals with a 
foreign object, causing a perforation and resulting in 

tension pneumothorax 

* Not using an overtube when it is needed 

* Not radiographing the chest immediately before and 
soon after removing foreign objects or ballooning 
strictures 

* Improper placement of the balloon For dilatation of 


Alfa MI, Sitter DL; In-hospital evaluation of contamination 

denoscopes: a quantitative assessment of the effect of drying, / 
Hasp Infect 19:89,1991. 

Antonin I, Guitart P, Rodon I: Fibroendoscopy of the gastrointesti¬ 
nal tract: oesophagogastric foreign bodies, Veterinary Interna ¬ 


tional 2:29, 1991. 


Simpson KW: Gastrointestinal endoscopy in the dog, / Small Anim 


Pract 34:180, 1993. 


Tams TR: Gastroscopy, in Tams TR, editor: Small animal endoscopy ; 
ed 2, Philadelphia, 1999, Mosby. 

Tams TR: Endoscopic examination of the small intestine. In Tams 
PR, editor: Small animal endoscopy ed 2, Philadelphia, 1999, 

Mosby, 

Tams TR: Endoscopic removal of gastrointestinal foreign bodies. In 
Tams TR, editor: Small animal endoscopy ed 2, Philadelphia, 

1999, Mosby. 


* Inserting the stiff end of a guide wire into the patient 
instead of the floppy end 


PATIENT PREPARATION 


No special preparation is needed. There is seldom any need 
for contrast radiographs to diagnose esophageal foreign 
bodies, and a barium contrast esophagram can make the 
procedure more difficult. 


fSOPHAGOSCOPr 


ANESTHESIA 


INDICATIONS 


Inhalant anesthesia is preferred to maintain a patent airway, 
especially when removing large foreign objects that may pul 
pressure on the trachea. Careful monitoring is needed when 
using a rigid scope, because the scope can easily exert too 
much pressure on the heart, great vessels, and airways. 


Esophagoscopy {'fable 14-3) is automatically done anytime 
gastroduodenoscopy is performed. Esophagoscopy by itself 
is principally indicated to evaluate animals suspected of hav¬ 
ing esophageal foreign bodies, esophagitis, or esophageal 
strictures. Occasionally it is needed to biopsy suspected neo¬ 
plasms or to look for Spirocerca lupi infestation, hiatal her¬ 
nias, or other causes of esophageal disease in regurgitating 
pets. It is seldom useful for evaluating esophageal motility 
problems caused by muscular weakness. The esophageal 
mucosa is not routinely biopsied unless a mass or an obvi¬ 
ous infiltrative lesion is seen. 


PATIENT POSITIONING 


Lateral recumbency usually is adequate. When using rigid 
equipment, it is important that the esophagus be kept as 
straight as possible. 


TECHNIQUES 


The technique for flexible esophagoscopy (the preferred 
technique when looking for esophagitis or strictures) is de¬ 
scribed under gastroduodenoscopy Esophagitis is denoted 
by erythematous, bleeding, and/or ulcerated areas (Fig. 
14-9), Strictures often are obvious in smaller animals bui 
may be subtle in larger patients. Benign strictures often are 
smooth, whereas malignant strictures usually appear rough. 
Obvious tumors occasionally are noted. Most tumors can be 
biopsied adequately with flexible forceps. 


EQUIPMENT 


G astro duo denoscopes are superior to rigid equipment tor 
evaluating the mucosa, whereas rigid scopes are preferred for 
removing foreign objects. Rigid scopes allow the use of rigid 
retrieval forceps, which gain a firmer hold on objects. How¬ 
ever, rigid colonoscopes are seldom long enough to retrieve 
foreign objects in dogs weighing more than 25 to 30 pounds; 
in such cases a flexible scope often must be used. 













115 


Chapter 14 Alimentary Tract Endoscopy 


m 14-9 

Dog's esophagus showing areas of marked erythema 
caused by esophagitis. The esophagitis was the result of 

gastroesophageal reflux. 


FIG 14-10 

Dog's esophagus with a chicken bone lodged in the lumen. 
This bone was later removed using a rigid endoscope and 
rigid retrieval forceps* (From Nelson R, Couto G: Small 
animal internal medicine, ed 2, St Louis, 1 998, MosbyJ 


Removal of Foreign Bodies 

Rigid esophagoscopy is preferred for removal of a foreign 
object. Patients with a foreign object should always be radi¬ 
ographed immediately before the procedure. Pneumothorax 
or pleural effusion in animals with esophageal foreign bod¬ 
ies strongly suggests perforation; thoracotomy should be 
considered in such patients, although small perforations 
sometimes heal spontaneously after the object is removed. 


ondary to this condition if the inflammation is severe enough* 
Antacids (e*g*, ranitidine, 2.2 mg/kg IV given twice a day or 
famotidine, 0,5 mg/kg IV given once or twice a day ) may help 
because gastroesophageal reflux is common, either as the pri¬ 
mary event or secondary to the esophagitis. However, severe 
esophagitis often requires use of proton pump inhibitors 
(omeprazole, 0.7 to 1.5 mg/kg given once or twice a day). If 
the ulceration is severe, a gastrostomy tube guarantees admin¬ 
istration of nutrition as well as drugs. Antibiotics effective 
against anaerobic bacteria from the oral cavity (e.g*, amoxi¬ 
cillin, 22 mg/kg SQ given twice a day) and Carafate slurries 
sometimes are used, but there is little documentation of their 
efficacy. Most esophagitis lesions and esophageal ulcers heal in 
7 to 14 days. The chest is radiographed immediately after re¬ 
moval of the foreign object to check lor pneumothorax. 

Fishhooks embedded in the esophagus usually can be re¬ 
moved endoscopically. Small-diameter hooks and those 
with small barbs usually can be forcefully pulled through 
the mucosa, whereas large-diameter hooks may require sur¬ 
gical assistance. Surgery is safer if the point of the hook and 
its barb has completely perforated the esophagus and is po¬ 
sitioned such that the barb may lacerate vital structures 
(e.g*, the great vessels of the heart) when pulled back into 

the esophagus* 


Position the patient to make th 


esophagus as 

possible (he., simultaneously push the base of the skull ven- 
trally and pull the nose do rs a lly) to a voi d putt I ng pres sure on 
th e trachea at th e thorac sc in let or on 


sfraig h f 


os 


the great vessels at the 


base of the heart * Advance the scope slowly while visualiz¬ 
ing the lumen. Avoid putting pressure on the foreign object 
(Fig. 14*10), stricture, or blind sac so as not to rupture the 
esophagus; a perforation may be present even if it is not ob¬ 
vious from the endoscopic appearance. Be extremely careful 
when insufflating air into patients with foreign objects; you 
may cause tension pneumothorax with even a minute perfo¬ 
ration , A hg id grasp ing fo rceps (not b iopsy forceps) is us ed 
to manipulate the object into the scope so that the mucosa is 
protected a is the object is withdrawn from the esophagus. If 
/fie oh/ec/ is tightly wedged in the lumen, excessive force 
should not be used or the esophagus may rupture. The ob- 
/ecf sfjoufd be reposition ed until it can be at least partly 
pulled into the endoscope * if the foreign object cannot be 
withdrawn or repositioned, it sometimes can be broken into 
smaller pieces with the rigid retrieval forceps * This must be 
don e very co refully; th e en d of the rig id scope is p os i tion ed 
against the object so that when the operator pulls against the 
object with the forceps, the pressure is applied to the distal 
end of the scope and not the wall of the esophagus. Bites are 
token from /he object (usually a bone) until it is smaller and 
con he manipulated as desired '* 


if the hook is oriented with its point directed caudally, firmly 
grasp the bend in the hook with the retrieval forceps, place 
the edge of the rigid scope very near the point of the hook's 
entry into the mucosa, and forcefully pull if cron icily, tearing 
the barb through the esophagus. If the point is oriented era- 
nially, grasp the eye of the hook firmly with a retrieval for¬ 
ceps that has been passed through the scope and advance 
the rigid endoscope until it comes in contact with the bend of 
the hook * Then push the scope and forceps caudatly as a 
unit, tearing the barb out of the esophageal mucosa. Repo¬ 
sition the hook with the point withdrawn into the scope and 


After removal of the object, some degree of esophageal ul¬ 
ceration often is seen. Gastroesophageal reflux may occur sec- 
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withdraw the scope and hook. The hole created by tearing 
the hook out of the e sop h agus usual ly heal s with out in c iden t 
unless it becomes infected. Antibiotics are indicated[ espe¬ 
cially for anaerobic bacteria, which may be present from the 
bait on the hook, if the hook is too large in diameter or the 
barb is too large so that the hook cannot be torn out endo- 
s coplcally you should not use excessive force trying to 
move it; s urgery is necessary for such patients. 

Balloon Dilatation of Strictures 

Ballooning and bougienage are both effective for dilating 
strictures, but ballooning is often chosen because of its lesser 
risk of perforation. It is best to use guide wires to position 
the balloon catheter, although the catheter may be passed 
alongside the scope or through the biopsy channel. 


tare will not be dilated. Progressively larger balloons may be 
used until the desired degree of dilatation is achieved 


- 


Dilatation procedures are associated with significant bac- | 
teremia in human beings, and antibiotic prophylaxis in veter¬ 
inary patients is reasonable. Antacid therapy (i.e„ TU-receptor 
antagonist or proton pump inhibitor) and prokinetic therapy 
(e.g., cisapride) may be useful for preventing recurrence. Use 
ot a gastrostomy tube is reasonable in severe cases. Adminis¬ 
tration o f corticostero ids is contraversial but rnay be trled to 
prevent recurrence. A single procedure may resolve the prob¬ 
lem, o r i t may need to be re p e a ted two to 15 t i m es. 

Suggested reading 


re - 






i 


l 


Antonin J, Gui tart P, Rod on |: Fibrocndoscopy of the gastrointesii- 

o esophagogastric foreign bodies, Veterinary In ten i fi¬ 


nal tract; 


First ; endoscopically place a guide or transfer 
the stricture site. Use a wire that is stiff at 
floppy " at the other. Insert the "floppy" end of the wire 
through the scopes biopsy channel and through the stricture. 
Withdraw the endoscope from the patient while continually 
feeding the wire into the patient, thereby removing the 
doscope from around the 


th ro ugh 


tiortal 2:29, 1991. 




end and 


one 


Kochhar R et al: Intralesional steroids augment the effects oi endo¬ 
scopic dilation in corrosive esophageal strictures, Gastrointest 
Endosc 49:509, 1999. 

Melendez LD et al: Conservative therapy using balloon dilation for 
intramural, inflammatory esophageal strictures in dogs and cats: 
a retrospective study of 23 cases, Ear / Compar Gastroenterol 

3;31> 1998. 

Michels CtM et al: Endoscopic and surgical retrieval of fishhooks 
from the stomach and esophagus in dogs and cats; 75 cases 
(1977-1993), J Am Vet Med Assoc 207:1194, 1995. 

Scolapio JS et al: A randomized prospective study comparing rigid 
to balloon dilators for benign esophageal strictures and rings, 
Gastrointest Endosc 50:13, 1999. 

Sherding RG, Johnson SE, Tams TR: Esophagoscopy. In Tams TR 
editor: Small animal endoscopy t ed 2, Philadelphia, 1999, Mosby 


J/ 






en- 


wfre f which is kept In the stricture. 
Next, place the balloon in the stricture by running the bal¬ 
loon ca the ter {Fig . J 4-11} 




over the wire while observing it 
endoscopically. Once the balloon has been positioned such 
that its middle is near the center of the stricture f Inflate the 
balloon with air to the desired pressure and deflate it after 
30 to 60 seconds. The balloon must stay in 
ing this process. If the balloon is not correctly positioned , it 
will migrate out of the stricture os it is inflated , and the stria 


the stricture dur- 
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FIG 14-1 1 

Balloon catheter used for dilating strictures. A guide wire has been inserted into one of the 
porfs on the left-hand side and is extending from the tip of the catheter (the insert shows 
two balloons that have been filled with air). Note the elongated configuration of the 
balloons, which is necessary to ensure that the stricture is dilated and that the balloon does 
not simply migrate forward or backward during insufflation. 
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gravity while the enema tube is repeatedly gently advanced 
and partly withdrawn until water comes out the anus. In 
cats* a 50-ml syringe is used to slowly administer water 
through a soft catheter; the enema should be terminated if 
the cat acts nauseated. An unprepared colon can be exam¬ 
ined* but in such cases focal lesions are easily missed. Prior 
administration of barium sulfate makes examination of the 
colon difficult and should be avoided if possible. 


RIGID PROCTOSCOPY 
AND COLONOSCOPY 


INDICATIONS 


Rigid proctoscopy is indicated in patients with suspected 
rectal disease (e.g., abnormalities found with digital rectal 
palpation* marked hematoehezia, dyschezia, tenesmus), 
whereas rigid colonoscopy is indicated in patients sus¬ 
pected of having infiltrative disease of the distal colon 
(e.g.* diarrhea, mucoid stools) {Table 14-4). Proctoscopy 
can be used for animals with large bowel diarrhea* but 
colonoscopy is preferred. Common causes of large bowel 
disease should be eliminated before colonoscopy is 

performed. 


ANESTHESIA 


Anesthesia is not absolutely necessary, but it makes proc¬ 
toscopy and colonoscopy easier (the patient is not moving) 
and safer and also allows better evaluation of the mucosa. 
Sedatives, such as acetyl promazine or ketamine, or manual 
restraint often are sufficient. Avoid using opioids, which 
cause intestinal spasm. 


EQUIPMENT 


PATIENT POSITIONING 


To improve visualization, use the largest scope appropriate 
for the patient. See p. 106 for details on proctoscopes and 

Colo no scop es. 


For rigid colonoscopy, right lateral recumbency is preferred 
so that any fluid entering the colon from the ileum remains 
in the dependent ascending colon. The patient may also be 
tilted with its head downward so that any fluid entering the 
colon pools in the ascending or transverse colon. These po¬ 
sitions tend to keep the descending colon cleaner. 


PATIENT PREPARATION 


For proctoscopy warm water enemas may be administered 
shortly before the procedure. If the patient has too much 
rectal pain to allow an enema, an oral lavage solution may be 
used. Remaining feces can be removed manually during the 
examination. For colonoscopy, the patient is fasted for at 
least 24 hours and receives an oral lavage solution or re¬ 
peated warm water enemas, or both. Lavage solutions (e.g., 
GoLYTELY, 25 ml/kg orally, given twice, 2 hours apart the 
night before the procedure) achieve the best cleansing, but 
repeated, well-performed enemas (three to five) usually pro¬ 
duce adequate results in most small to medium-size dogs. 
Even if lavage solutions are used, enemas should be per¬ 
formed to remove the residual fluid. Enemas may be per¬ 
formed on intractable animals after anesthetization, but this 
is difficult and messy Effective enemas are accomplished by 
ad ministering relatively large volumes of warm water as high 
in the colon as possible. In dogs, water is administered by 


TECHNIQUE 


Always perform a digital rectal examination before inserting 
the endoscope to be sure that there is no lesion close to the 
anus that may be missed or perforated by the rigid scope. 
Place the obturator in the scope; lubricate the tip of the 
colonoscope and the protruding obturator before gently in¬ 
serting it 2 to 3 inches info the rectum . Remove the obtura¬ 
tor, close the viewing port, and insufflate air As the colonic 
lumen distends, slowly advance the scope while visualizing 
the colonic lumen . 


Normal colonic mucosa is smooth, although pinpoint 
holes* which are normal lymphoid nodules, may be seen. 
Submucosal blood vessels should be seen in at least some 
areas of the colon (Fig. 14-12); their absence suggests cel¬ 
lular infiltration into the mucosa. Ulcers are rarely seen; 

spontaneous hemorrhage without obvious mucosal de¬ 
fects are more common. Whenever hemorrhage is seen, 
the practitioner must determine whether it is iatrogenic 
(e.g., caused by an enema tube) (Fig. 14-13) or sponta¬ 
neous. Polyps and malignancies usually are found near the 
anus. It typically is difficult to examine 
the anus because the colonic lumen cannot be well inflated 

of the scope is so dose to the rectum. In this 
area, proctoscopy may be more revealing. Almost anytime 
the colon is examined endoscopically, it should be biop- 
sied, except when another diagnosis is very obvious, such 
as intussusception. 


TABLE 14-4 


Common Errors in Rigid Proctoscopy and Colonoscopy 


* No! eliminating parasites, bacteria, and diet as pass 
ble causes of chronic diarrhea before performing the 

procedure 

* nadequate colonic preparation 

* Not performing a digital rectal examination immedi¬ 
ately before the procedure 


mucosa near 


when the tip 


* Positioning the patient i 


m left lateral recumbency 
1 Using a colonoscope for lesions near the rectum when 
o proctoscope should have been used 
* Insufflating so much air that the stomach becomes dis¬ 
tended 


* Poor biopsy technique (e.g,, inadequate size or num 
ber of biopsies, only biopsylng obvious lesions, per- 


For biopsy , the colonic lumen is deflated so that the m ucos a 
forms folds (Fig. 14-14, A), and 
snipped off Do not force rigid biopsy instruments into the 


i 


forating by biopsying too 


small edge may be 


a 
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FIG 14-12 

Normal colonic mucosa with normal submucosal blood ves¬ 
sels, Some strands of mucus can be seen in addition to the 
blood vessels. 
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FIG 14-14 
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Biopsy of colonic 


mucosa using rigid forceps. A, The 

iTtiple folds evident, B, A 
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mucosa is seen collapsed with 
rigid biopsy forceps has been inserted through the 
endoscope and has grasped one fold of colonic mucosa, 
which it will cut off when the forceps is closed completely. 
iFram Tams TR; Small animal endoscopy, ed 2, St Louis, 

1999, Mosby.] 
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FIG 14-12 

Colon of a dog with a linear, erythematous lesion caused by 
improper use of an enema tube. Note that this colon has not 
been well prepared; substantial mucus and fecal debris are 
present, w nich 

difficult, (From Tams TR: Small animal endoscopy , ed 2, St 


will make examination of the mucosa more 


from the colon . Do not reinflate the colonic lumen after 
start biopsy ing , to avoid perforating any deep biopsy sites. 

Suggested reading 


you 


tissue , or the biopsy may perforate the organ. The exception 
to this is when a thick submucosal lesion (usually in the rec¬ 
tal area) is biopsied. In such 
into the tissue firmly enough to ensure that 
amount of submucosa is included, tf the lesion 
gated digitally, if is often easier to remove the scope and 


Burrows CF: Evaluation of a colonic lavage solution to prepare the 
colon of the dog for colonoscopy, j Am Vet Med Assoc 195:1719, 

Holt PE, Ducdey P: Transanal endoscopic treatments of benign ca¬ 
nine rectal tumours: preliminary results in six cases (1992-1996), 
/ Small Artim Pract 40:423,1999. 

Willard MD: Colonoscopy. In Tams TR, editor: Small animal en¬ 
doscopy ed 2, Philadelphia, 1999, Mosby. 


coses the forceps must be forced 

an adequate 


be pal 


can 


guide the biopsy forceps digitally 


When biopsying such lesions, a distinct division between 
mucosa and submucosa must be seen in the tissue sample 
with the unaided eye, or another biopsy specimen should be 
obtained. 


FLEXIBLE COLONOILEOSCOPY 




- 


INDICATIONS 


A fter the mucosal examination is finished, advance the 
scope as far as possible. Open the viewing port and allow 
the air to escape from the lumen. Perform at least four or five 
mucosal biopsies as you progressively withdraw the scope 


Flexible colonoileoscopy (Table 14-5} is indicated in animals 
suspected of having infiltrative colonic or ileal disease, lym¬ 
phangiectasia, ileal intussusception (as indicated by protein- 
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[SI TABLE 14-5 


Common Errors in Flexible Colonoileoscopy 


* Not eliminating common causes of diarrhea (e.g., diet 
parasites, bacteria) before performing the procedure 

• Inadequate colonic preparation 

• Positioning the patient in right lateral recumbency 

* Insufflating so much air that the stomach becomes 
d i stend ed 


* Not recognizing the ileocolic valve and unknowingly 


passing the tip of the scope into the cecum and/or ad 
vane mg the scope tip too forcefully 


■ 


1 Poor biopsy techni 


(e.g., inadequate size or num¬ 
ber of biopsies, only biopsying obvious lesi 


FIG 14-15 

Normal ileocolic valve in a dog, showing the typical 
mushroomiike shape. The orifice somewhat below and 
somewhat to the right of the ileocolic valve is the cecocolic 

Nelson R, Couto G; 5ma// animal internal 
medicine , ed 2, St Louis, 1998, Mosby.) 


lasing enteropathy in young dogs; persistent vomiting and 
diarrhea after parvovirus infection; an elongated mass in the 
abdomen; sudden 


bloody stools in a vomiting 
animal with abdominal pain; or sudden deterioration in an 
animal that has had abdominal surgery or disease), or cecal 
intussusception (as indicated by hematochezia despite rela¬ 
tively normal stools or bloody diarrhea that was not diag¬ 
nosed by rigid colonoscopy), or whenever rigid colonoscopy 
did not reveal a cause tor possible colonic infiltrative disease. 


orifice. (From 


head down, because that causes fluid to accumulate in the 
ascending colon. 


TECHNIQUE 


EQUIPMENT 


Always perform a digital rectal examination first to ensure 
that no anal or recto! lesions will be missed or perforated by 
the scope. Lubricate the scope generously and gently insert 
the tip 2 to 3 inches into the rectum. Insufflate air and ex¬ 
amine the colonic mucosa as the tip of the scope is ad¬ 
vanced. It may be necessary to 
channel to flush water into the lumen and then aspirate it 
(and hopefully fecal debris) through the biopsy channel; be- 

of material entering from the ileum , f/ffs area often is 
less clean than the rest of the colon , and the ileocolic valve 
may be obscured 


Flexible gastroduodenoscopes are preferred, although larger 
diameter human colonoscopes can be used. If ileoscopy is de¬ 
sired, it sometimes is necessary to use smaller diameter (7.9 
mm) equipment. However, larger diameter equipment often is 
adequate, and the larger diameter biopsy channel (2.8 mm) 
makes it easier to aspirate debris without plugging the channel. 


the scopes air-water 


PATIENT PREPARATION 


Patient preparation for flexible colonoscopy is similar to that for 
rigid colonoscopy; however, the need for thorough cleansing is 
greater. Fast the patient for at least 24 hours before the proce¬ 
dure, otherwise ingesta may be expelled into the ileocecocol ic 
valve area during the examination. Use of lavage solutions 
(GoLYTELY, 30 ml/kg by stomach tube, given twice the day be¬ 
fore the procedure) followed by enemas the next day is the most 
consistently effective way to thoroughly clean die ileocecocoI ic 

. If warm water enemas alone are elected instead ot 
lavage solutions, they must be repeated several times, and rela¬ 
tively large volumes must be used. Use of laxatives (bisacodyl) 
12 hours before the examination also is helpful. Prior adminis¬ 
tration of barium sulfate should be avoided. 


cause 


Sometimes the approach to the ileocecocolic valve area 
has numerous bends and twists. In dogs the ileocolic valve 
may vary in appearance, bur it usually has a mushroom 
shape (Fig. 14-15) and is relatively easy to identify if the area 
is dean. However, excess debris in the area may obscure the 
ileocolic valve, making it easy to slide past it and into the ce¬ 
cum without realizing that the cecum has been entered. If 
this happens, the endoscopist will find that the "colon is 
making turns the scope cannot negotiate. Perforation may 
result if the endoscopist continues to push the tip of the 
scope into the cecum. Abnormalities noted may include ce¬ 
cal and ileal intussusceptions and tumors; regional inflam¬ 
matory diseases, such as inflammatory bowel disease and 
histoplasmosis, also occasionally arc localized here. 

The canine cecal lumen should be examined for whip¬ 
worms and growths and biopsied. The operator then should 
attempt to enter the ileum or blindly pass a biopsy instru¬ 
ment into the ileum. The scope is passed into the ileum in 


valve area 


ANESTHESIA 


The animal must be anesthetized or heavily sedated. Anes¬ 
thesia is preferred when examination ot the ileocolic area or 
ilie ileum is desired. Opioids should be avoided if possible. 


PATIENT POSITIONING 


Position the patient in left lateral recumbency to aid in keep¬ 
ing the ileocecocolic valve area clean. Do not tilt the animals 
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rive al the ileocolic valve. It is difficult to advance the tip of 
the scope into the ileum of most small dogs (Le., those 
weighing less than 10 pounds) or cats. 

The ileocolic valve in the cat is approached in a different 
manner than in the dog. Typically, after negotiating the flex- 
where the descending and transverse colons meet, you 
will maximally retroflex the tip of the scope and find that the 
cecum is immediately in front of the viewing lens. At this 
point, in smaller animals, the ileocolic valve may be imme¬ 
diately behind the endoscopic lens. In cats the cecum is a 
straight, blind pouch at the end of the colon, and the ileo¬ 
colic valve often appears as a small slit in the wall (Fig. 
14-17). You may not realize that you are looking into the 
blind pouch of the cecum* If a lumen does not open up in 
front of the lens as air is insufflated, you are looking into the 
cecum, and you must withdraw the tip of the scope to see the 
i 1 eocotic va 1 ve. Invariably the hiopsy forceps must he passed 
blindly into the ileum, because it is very rare that the tip of 
even a pediatric gastroduodenoscope can enter the feline 
ileum. 








i 




FIG 14-16 

View of an open ileocolic vafve in a dog. The up 

lower one is the cecoco 


per orifice 
lie orific 


is the ileocolic valve, the 


e. 


Sugg ested reading _ 

Burrows CF: Evaluation of a colonic lavage solution to prepare the 
colon of the dog for colonoscopy, / Am Vet Med Assoc 195:1719, 


Durante L et aT Investigation of an outbreak of bloody diarrhea: as¬ 
sociation with endoscopic cleaning solution and demonstration 
of lesions in 

Marsehall HU: Life-threatening complications of nasogastric ad¬ 
ministration of polyethylene glycol-electrolyte solutions 
(GoLYTELY) for bowel cleansing, Gastrointest Endosc 47:408, 
1998 , 

Roth L et al: Comparisons between endoscopic and histologic eval¬ 
uation of the gastrointestinal tract in dogs and cats: 75 cases 
( 1984 - 1987 ), / Am Vet Med Assoc 196 : 635 , 1990 * 

Willard MD: Colonoscopy. In Tams TR, editor: Small animal en¬ 
doscopy, ed 2, Phil ad el p hia, 1 999, Mosby. 


an animal model, Am } Med 92:476, 1992. 








FIG 14-17 

Normal ileocolic valve 
slitlike opening. Below 
sac, which is a normal feline cecum, 




cat; the valve is the small, 

opening is a blind 


■■ 






much the same manner as for the pylorus. Occasionally the 
ileocolic valve is open (Fig. 14-16), but usually the tip of the 
scope must be pushed gently into the ileum. There may be 
paradoxical movement {Le,, the tip of the scope does not 
move even though the insertion tube is being advanced into 
the colon) because the middle of the insertion tube is push¬ 
ing out laterally on the colonic wall and causing it to move 
to the side, forming a loop. If paradoxical movement is a 
problem, the first solution is to withdraw the endoscope and 
reinsert it. Often the colon has been straightened out by the 
first pass of the scope, and reinserting it eliminates the para¬ 
doxical movement. If this technique does not help, inserting 
a long, rigid colonoscope into the colon and then passing the 
flexible scope through it usually allows the endoscopist to ar- 
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Respiratory Tract 

Endoscopy 


»•# 5 ' 
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quate restraint without impairing laryngeal function. Propofol 
also may he used; if die anesthesia is too profound initially, 
laryngeal function usually returns after a short wait. 


LARYNGOSCOPY 


INDICATIONS 


TECHNIQUE 


indicated in pets with signs 


Laryngo scopy (Tabl e 15-1) is 
suggestive of laryngeal paralysis (e.g., dyspnea, inspiratory 

stridor), elongated soft palate (appropriate signalment and 

stridor), foreign objects (e.g., dysphagia, drool- 


Hold the mouth open with a mouth gag and puli the tong 
forward to facilitate the examination. Examine the posterior 
pharynx and larynx systematically. Note the symmetry (o 
lack thereof) of the pharynx and associated structures . 

Sometimes it is also help ful to palpate the 
of the tongue digitally to detect thickenings 
nof ofaWous to the eye * Be 

round the larynx carefully, if arytenoid function must be us¬ 
es see/, waif until the patient inhales to determine if the ary¬ 
tenoids stay open or if they remain collapsed , causing 
way obstruction * The length of the so ft pa late is assessed by 
determining if the caudal free end extends beyond the tip of 

the epiglottis (see also p. 730), 


r 


in spi ratory 

ing, oral pain, anorexia), and tumors, masses, or cysts (e.g 
halitosis, dysphagia, dyspnea, regional swelling). 


and the base 


area 


or masses 


to examine the recesses 


EQUIPMENT 


sure 


Various sizes and configurations of rigid laryngoscopes are 

available. 


a 


s 


PATIENT PREPARATION 


No special preparation is necessary for this procedure* 


PATIENT POSITIONING 


Suggesfecf readin 


Sternal recumbency usually is preferred, although lateral 
cumbency is acceptable* 


re- 


Padrid PA, McKiernan BC: Endoscopy of the upper respiratory 

TR, editor: Small tmimaf ex¬ 


tract of the dog and cat. In Tams 
doscopy, ed 2, Philadelphia, 1999, Mo shy. 


ANESTHESIA 


For a thorough examination of this area, patients must be 

anesthetized; routine anesthetic protocols tor maintenance 

with halo thane or isoflurane are acceptable. However, it deter- 

a oombination of 


BRONCHOSCOPY 


mination of arytenoid function is important, 
equal volumes of ketamine and diazepam given intravenously 
(IV) to effect, at a rate of approximately 1 ml/9 kg allows ade 


INDICATIONS 


Bronchoscopy (Table 15-2) is indicated in animals with signs 
of pulmonary parenchymal or airway disease (e.g., cough¬ 
ing, exercise intolerance, stridor, or dyspnea) when common 

especially useful when 

hr on ch o al ve ol ar 


M TABLE 15-1 


have been eliminated* It is 


causes 

brush cytology or directed washings (e.g 

lavage) are desired and when the diameter of the airways 
must be assessed during inspiration and expiration to assess 


Common Errors in Laryngoscopy 


inadequate preendoscopy workup of laryngeal or pha¬ 
ryngeal disease (e.g., failure to obtain radiographs) 
Not looking behind the soft palate when a middle ear 

polyp is possible 


for tracheal collapse. 


__ _ elongated soft palate 

Improper anesthetic that makes it difficult to accurately 

evaluate arytenoid function 


EQUIPMENT 


preferred. Human bronchoscopes are 

animals, but 

121 


scopes are 

adequate for most small and medium- size 
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cholinergic) suppress the cough reflex and make examina¬ 
tion easier. If only the lower-most aspect of the airways will 
be examined, such as to perform a bronchoalveo 1 ar lavage, 
induce anesthesia with a barbiturate or propofol and main¬ 
tain the patient with an inhalant agent such as isoflurane or 
haiothane. If the endotracheal tube is large enough, the 
bronchoscope can be passed through it, but care must be 
taken that the bronchoscope does not obstruct the endotra¬ 
cheal tube and prevent oxygenation of the patient. If the 
dog or cat requires such a small endotracheal tube that the 
scope cannot safely be passed through it or if the entire air¬ 
way is to be examined, injectable agents must be used to 
maintain the anesthesia. Propofol (4 to 6 mg/kg) may be 
given to effect to maintain anesthesia during this ti me, [’his 
drug is noncumulative and can be given repeatedly 
needed. Oxygen may be insufflated through the endoscope 
during this time; however, be careful not to obstruct the air¬ 
way with the scope and cause barotrauma by insufflating air 
which cannot escape. 


TABLE 15-2 


Common Errors in Bronchoscopy 


* Inadequate preendoscopy workup (e,q. 
radiographs) 

* Not using narcotic preanesthefic agents 

* Poor attention to anesthesia during the procedure, es¬ 
pecially to maintaining proper oxygenation 

* Using o scope with too large of an outer diameter, 
which excessively occludes the airway 

* Damaging the larynx of small animals when inserting 
the scope 

* Poor technique for wash, lavage, and/or brushin 


, no 


ruui iBLnmque rur wasn, lavage, aria/or orusnmg 

* Not being familiar with the anatomy and nomenclature 
of airways 

* Nonmethodical examination of airways; not consider¬ 
ing the airways in inspiration versus expiration phases 

* Placing the endotracheal tube so far into the trachea 

that it hides the lesion 

* Insufficiently warming the scope tip, resulting in fog¬ 
ging of the viewing lens 




as 


PATIENT POSITIONING 


Sternal or lateral recumbency is preferred unless a bron- 
choalveolar lavage is desired, in which case lateral recum¬ 
bency may be chosen with the side to be sampled placed 
down. 


TECHNIQUES 


If the patient is maintained by injectable rather than in¬ 
halant agents, a mouth gag is necessary. 


Lightly lubricate the scope and carefully advance it through 
the arytenoids or the endotracheal tube while observing the 
airways (Fig, 15-2). If the viewing lens fogs up while in the 
airways , immerse the ftp in warm, sterile saline for 1 to 2 
minutes before proceeding with the examination , Upon 
reaching the carina (Fig. 15-3), carefully examine each 
bronchus by advancing the scope as far into it as possible , 
You cannot determine that the tip of the scope is wedged 
far as possible into the airway by looking through the scope / 
therefore if resistance is met while advancing the scope , do 
not advance it any farther The bronchus to the right cranial 
lung lobe is more difficult to find and often requires 
mum retroflexion of the tip of the scope . 

Abnormalities that may be seen include collapsed airways 
(Fig. 15-4), foreign objects (Fig. 15-5), masses, inflammation, 
and mucus. Always note any differences in the inspiratory 
and expiratory phases. Focal lesions can be biopsied with a 
flexible biopsy forceps or brushed for cytologic examination. 


FIG 15-1 

An adapter that allows simultaneous administration of 
anesthetic gas and insertion of a bronchoscope through the 
endotracheal tube. The endotracheal tube must be of 
sufficient diameter to allow both the bronchoscope and the 
gas to pass through it simultaneously. 


as 


pediatric gastroduodenoscopes are useful in large dogs be¬ 
cause of the need lor a longer working length (i.e., longer 
than 60 cm). The equipment should be sterilized or at least 
disinfected before use. If the scope is to be passed through 
the endotracheal tube, a special adapter is available that al¬ 
lows simultaneous administration of anesthetic gas and in¬ 
sertion of the scope (Fig* 15-1). 


maxi - 


PATIENT PREPARATION 


No special preparation is needed. To maximize the value of 
cytologic examinations of the airways, this examination 
should be performed before corticosteroids are adminis¬ 
tered. 


Bronchoalveolar Lavage 


Gen tly advan ce the tip o f the s cope 
through the endoscope 


or a sterile tube passed 
as far as possible into a particular 
bronchus (usually a dependent one). Do not completely 
elude the airway \ instill sterile y physiologic saline solution (or 
Honks buffered salt solution) into the bronchus (usually 


ANESTHESIA 


oc- 


Narcotic preanesthetics (e,g., oxymorphone, 0.05 to 0,1 
mg/kg, or butorphanol, 0.22 mg/kg, followed by an anti- 
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FIG 1 5-4 

Endoscopic 








of o partly collapsed trachea in a dog. 
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FIG I 5-2 




Endoscopic view of norma! canine arytenoids, which ore 
partly open* 
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FIG 15-5 

Endoscopic view of a dog's trachea with a Foreign object 
present. 
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administered slowly to dilate bronchi in dvspneic animals. 
Oxygen should also be available. 

Removal of a Foreign Object 

Foreign objects may be seen or suggested by finding one 
bronchus occluded with mucus. If a foreign object is seen or 
suspected, biopsy forceps may be used to try to retrieve it, II 
too much mucus is present to allow visualization, forceps 
may be passed into the mucus and used to blindly grasp for 
anything present. It is difficult to biopsy the very thin airway 
mucosa w ith flexible endoscopy forceps; however, a piece of 
a granuloma or tumor large enough for diagnosis usually 
can be retrieved. 










FIG 15-3 

A f Endoscopic view of normal canine trachea. Nate the 
visible blood vessels and the dorsal ligament. B, Endoscopic 
view of the normal canine carina, The left and right 
mainstem bronchi are exiting to either side. 




Suggested reading 




i ■■ in 


* 


Hawkins EC, De Nicola DB, Kuchn NT: Broncho alveolar lavage in 
the evaluation of pulmonary disease in the dog and cat: state of 
the art, / Vet Intern Med 4:267, 1990, 

Ovchinnikov AA, Dratvin SA, Pilavina LV: On the methods of dis¬ 
infecting bronchofibroscopes, / Hygien Epidemiol Microbiol 
34:371, 1990, 

Padrid PA, McKiernan BC: Tracheobronchoscopy of the dog and 
cat. In Tams TR, editor: Small animal endoscopy, ed 2, Philadel¬ 
phia, 1999, Mo shy. 


25'ml aliquots in dogs and 5-ml/kg a/f'quote in cots) ond as¬ 
pirate immediately. In dogs f repeat the procedure 
same lung lobe. 


the 


on 




Animals typically are hypoxic for a short time after the 
procedure and may need respiratory support. If necessary, 
ammophylline (5 to 10 mg/kg given intravenously) may be 
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guided biopsy channel. However, these scopes typically have 
a working diameter of at least 14 Fr and cannot be used for 
cats and small dogs. Flexible bronchoscopes also can be 
used, in which case mucus and blood can be flushed out of 
the field of vision as needed by intermittent injection of flu¬ 
ids through the biopsy channel. However, it can be difficult 
to control placement of the tip of the flexible scope, and the 
operator must intermittently stop examining to flush away 

debris. 


RHINOSCOPY 


INDICATIONS 


Rhinoscopy (Tables 15-3 and 15-4) is indicated in animals 
with signs suggestive of nasal tumor, fungal infection, for¬ 
eign body, or inflammation (eg., chronic nasal discharge, 
epistaxis, sneezing, inspiratory stridor, or facial deformity 
over the nasal passages). 


EQUIPMENT 


PATIENT PREPARATION 


A variety of rigid and flexible instruments can be used, but 
a rigid cys to scope (Fig, 15-6) often is preferable. Using a 
cystoscope with a cannula allows continual flushing with 
physiologic saline solution, which moves mucus and blood 
out of the held of vision; in addition, the cystoscope has a 


No special preparations are needed. If nasal radiographs or 
computed tomography (CT) scans are desired, they should 
be obtained before rhinoscopy. 


ANESTHESIA 


The patient must be anesthetized deeply (preferably main¬ 
tained with inhalant agents) to prevent sneezing during the 
examination. Preanesthetic agents are recommended, such 
as oxymorphone (0,05 to 0.1 mg/kg) or butorphanol (0,22 
mg/kg). A snug-fitting endotracheal tube must be used. The 
posterior pharynx should be examined at the end of the pro¬ 
cedure to make sure excessive debris or blood that could be 
aspirated are not present. 


TABLE 15-3 


Important Considerations in Rhinoscopy 


Advantages 

* Less morbidity than from rhinotomy 

* May diagnose tumors and nasal mycosis and remove 
foreign objects without surgery 

Disadvantages 

* Performing 
sive 

fluids to be infused during the examination 

* No optimal equipment for very small animals (e.g., 

cats and small dogs) 

* Time-consuming procedure, especially if excessive mu¬ 
cus is present; can be difficult to find tumors or foreign 

objects 

* Difficult 


PATIENT POSITIONING 


The patient is best positioned in sternal recumbency with 
its head propped up 3 to 4 inches on a rolled towel or 

sandbag. 


ood examination often requires expen- 

allows 




rigid (preferred) or flexible equipment that 


TECHNIQUE 


Always look behind the soft palate (see next section) be¬ 
fore performing rhinoscopy : Then lightly lubricate the in¬ 
strument and carefully insert it into the nostril, looking 
through the scope as you advance it to avoid causing 
hemorrhage. Explore the nasal passages carefully and 
methodically. 


to obtain good biopsies 

* May have excessive bleeding; must be very cautious 
about performing this procedure in animals with coag 

ulopatnies 

* Cannot evaluate nasal sinuses 


TABLE 15-4 


Common Errors in Rhinoscopy 


• Not examining the posterior no res with a flexible 

scope before doing rhinoscopy 


scope oerore aomg mmoscopy 

* Inadequate preendoscopy testing for nasal disease 
(e,g v failure to obtain radiographs) 

* Not using narcotic preanesthetic agents 

* Not using on endoscope that allows simultaneous view- 

and infusion of fluids 

* Causing hemorrhage that obscures vision 

* Not methodically examining nasal passages (e,g., only 
examining the rostral portion of the nares); missing le¬ 
sions or foreign objects 

* Not recognizing lesions suggestive of nasal 
aspergillosis 

* Inadequate biopsy or cytologic technique 


NO 1 3-6 

A pediatric cystoscope that also 


be used for rhinoscopy. 
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vertentlv remove and discard it as 'junk." Aspergillosis typi¬ 
cally causes turbinate destruction and formation of a rela¬ 
tively large vacant chamber. 


Normal nasal mucosa has minimal mucus and is smooth 
and light pink, and blood vessels usually can be seen (Fig. 
15-7). Nasal polyps, tumors, fungal infections, and foreign ob¬ 
jects are the most likely findings. Nasal aspergillomas 
like dried mucus (Fig, 15-8), and the endoscopist may inad- 


i 


can look 


f 


Do not biopsy until the end of the procedure; once the mu¬ 
cosa has been biopsied, subsequent bleeding renders further 
examination difficult or impossible , Strive to biopsy dearly 
abnormal tissue (i.e., a mass or an area that is dearly a di f¬ 
ferent color), because diagnosing a tumor, one 




t 


i 


f 


of the pri¬ 
mary diagnoses made with this procedure , requires that the 

be biopsied. Biopsy may be done under direct 
blindly. Blind biopsy is performed by inserting an 
open rigid or flexible biopsy forceps into the nose and ad¬ 
vancing it until resistance is felt Close the forceps and with¬ 
draw it from the nose. In some cases very large pieces of 
nasal mucosa are retrieved. Be careful not to perforate the 
cribriform plate, if bleeding occurs and does not stop spon¬ 
taneously, infuse cold saline solution to promote hemostasis. 

hemorrhage that threatens the patient occurs f pack 
with adsorbent material (e g., gauze or Epistaxis 
Pack) or carefully apply small amounts of dilute epinephrine 
to the bleeding area, if hemorrhage is severe and persistent , 
ligation of the ipsi lateral carotid artery may be necessary. 
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Suaaested readin 




Lent SEF, Hawkins EC: Evaluation of rhinoscopy and rhinoscopy- 
assisted mucosal biopsy in diagnosis of nasal disease in dogs: 119 

cases (1985-1989), J Am Vet Med Assoc 201:1425,1992, 

Pad rid PA, McKieman BC: Endoscopy of the upper respiratory 
tract of the dog and cat. In Tams TR, editor: Small animal en¬ 
doscopy, cd.2, Philadelphia, 1999, Meshy. 
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EXAM tNATION OF 
THE POSTERIOR WARES 






PIG 1 5-7 

A/ Endoscopic view of normal canine nasal mucosa, 

B, Note the prominent blood vessels in the nasal mucosa. 


id 


INDICATIONS 




Examination of the posterior nares (Table 15-5) is i ndicated 
before rhinoscopy, with signs suggestive of an inflammatory 
middle ear polyp (e,g. 5 dyspnea, gagging, or dysphagia), and 
when nasal foreign objects or tumors are suspected* 








EQUIPMENT 


Examination of the posterior nares is best accomplished 
with a flexible bronchoscope that can flex at least 180 de¬ 
grees. Relatively small-diameter instruments often are ad¬ 
vantageous because of the limited space in the posterior lar¬ 
ynx in which the tip of the scope must flex. 








PATIENT PREPARATION 


No special preparation is needed for this procedure. 


FIG 15-fi 

Rhinoscopic examination of a dog J s nose revealed this mass 
of brownish material This is an aspergilloma, which is 
composed of a mass of fungal hypbae* In 
obvious mold of various colors can be 
the mass; in other cases it appears to be nothing more than 
a mass of inspissated mucus. 


ANESTHESIA 


some cases 
seen on the surface of 


The animal must be deep under anesthesia or it will gag (see 
p* 124 under Rhinoscopy)* A narcotic preanesthetic may 
prove useful, and a cuffed endotracheal tube is preferred, 
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TABLE 15-5 


Common Errors in Examining the Posterior Nares 


* Inadequate preendoscopy workup of nasal disease 

(e.g., failure to obtain radiographs) 

* Causing hemorrhage that obscures vision or is aspi¬ 
rated (or both) 

* Damaging the endoscope by trying to insert a biopsy 
instrument through the scope when it is maximally de¬ 
flected 

• Not recognizing mucus-covered foreign objects as for¬ 
eign objects 

• improperly manipulating the scope 

• Insufficiently warming the scope tip, 
ging of the viewing lens 






«R< 


resulting in fog 


FIG 15-10 

View of the posterior no res of a dog obtained with the same 

technique used in Fig. 1 5-9. In this case a cocklebur is 
fodaea in the area. 


Suggested reading _ 

Alien AS, Broussard J, Noone K: Nasopharyngeal diseases in cats; a 
retrospective study of 53 cases (1991-1998 ),} Am Anirn Hasp As¬ 
soc 35:457, 1999. 

Padrid PAj McKicnian BG: Endoscopy of the upper respiratory 
tract of the dog and cat. In lams TR, editor; Small animal en¬ 
doscopy, ed 2, Philadelphia! 1999, Mosby. 

Willard MD, Radi insky MA: Endoscopic examination ot the 
choanae in dogs and cats: 118 cases U 988-1998), J Am Vet Med 
Assoc 215:1301, 1999. 


FIG 15-9 

Normal posterior nares in a dog. This view was obtained by 
passing the tip of a flexible bronchoscope ust beyond the 
margin of the soft palate and then maxima ly retroflexing it. 


PATIENT POSITIONING 


The patient is best positioned in sternal recumbency, as for 
rhinoscopy. However, lateral recumbency is acceptable. 


TECHNIOUE 


Open the mouth widely with a mouth gag. Pull the tongue 
forward while placing the tip of the scope beyond the 
dal margin of the soft palate . Maximally deflect the tip of the 
scope dorsal ly until you 
nares (Fig. 15-9). if a biopsy is desired, place the biopsy in¬ 
strument into the biopsy channel before retroflexing the tip of 
the scope. Do not try to force the biopsy instrument through 
the channel after maximally deflecting the tip, because this 
may damage the biopsy channel. Try not to traumatize the 
area 


cau- 


the posterior opening of the 


cause unnecessary bleeding. As an alternative , 
you may maximally defied the tip of the scope and then po¬ 
sition it behind the soft palate 


Foreign objects (Fig. 15-10) and tumors are the most 
common findings in this area, although cysts, scarring, and 
nasal mites occasionally are seen. 
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CHAPTER 


Endoscopy Of 


Body Cavities 


possible. Resection of the ovaries, 


feeding tubes also 
adrenal glands, and other structures is possible but not 


LAPAROSCOPY 


common. 


INDICATIONS 


EQUIPMENT 


Laparoscopy (Tables 16-1 and 16-2) is indicated when the 
abdominal viscera must be examined or biopsied, but la¬ 
parotomy is undesirable or unnecessary. Laparoscopy can be 
used to biopsy most abdominal organs but is especially pre¬ 
ferred for hepatic, pancreatic, and lymph node biopsy. 
Biopsy of the small intestine and placement of jejunostomy 


Laparoscopy equipment (Fig, 16-1) (i.e., viewing telescope, 
trocar and cannula, Veress needle, light source, and a device 
to insufflate carbon dioxide or nitrous oxide), which has 
been autoclaved or chemically sterilized, is needed (sterile 
rigid proctoscopes and otoscopes may be substituted for la¬ 
paroscopy of selected organs in special circumstances 

not allow as thorough am 
available in a wide variety of sizes and with many modifica- 

desirabie to have at least one cannula 


examination). This equipment is 


M TABLE 16-1 


tions. In general, it is 
with an air port on it so that the Veress needle can be re¬ 
moved from the animal and the insufflation line hooked up 
to the cannula (i.e., one less piece of equipment introduced 


Important Considerations in Laparoscopy 


Advantages 

* Usually less morbidity and mortality than from abdomi¬ 
nal exploratory surgery 

en diagnose tumors and obtain biopsies of ab¬ 
dominal organs 

Disadvantages 

■ Requires expensive rigid equipment dedicated to this 
procedure (except for the modified technique using an 
otoscope or proctoscope for hepatic biopsy) 

* Offers few advantages over abdominal ultrasound for 

prostatic, renal, an 

evaluation of the interior of these parenchymatous 
organs as does ultrasonography 
« Anesthetic risks for some patients 

* Risk of lacerating the spleen, gallbladder, urinary blad¬ 
der, or liver if done improperly 

* Potentially dan 
d i a ph rag m a f1 c 
from prior surgeries 

* Risk of postprocedural hemorrhage and infection 

* More difficult if patient is obese 

* Can be difficult to adequately visualize some abdomi 

nal organs 

* Does not replace laparotomy for exploration of entire 
a b do men 

* May need to perform surgery 
lesion found with laparoscopy 




* Can o 


M TABLE 16-2 


Common Errors in Laparoscopy 


* Inadequate preendoscopy tests (e.g., no radiographs, 
ultrasound scans, or coagulation tests) 

* Not positioning the Veress needle properly to insufflate 

the abdomen 

* Puncturing the spleen with the trocar or Veress needle 

* Not using carbon dioxide or nitrous oxide to insufflate 

the abdomen 

* Improper positioning of the patient; not inserting 
paroscope in the appropriate site for examining the 
target organ or organs (e g., positioning the scope too 

close to the organ to be examined) 

Inserting the laparoscope into the falciform ligament 

to examine the abdomen methodically conse- 

lesions 


jges over aoat 

d splenic biop 


does not allow 


erous in patients with coagulopathies, 
ernias, septic peritonitis, or adhesions 


i 


ilrn 


a to 

quently missing 

* Confusing the liver with the s 

* Fogging of the scope's viewing lens 
adequate warming before insertion 

* Inadequate biopsy and cytology technique [e.g,, ad¬ 
vancing the biopsy needle through the target organ 
and lacerating structures beneath it) 


, resulting from in¬ 


to find lesion or correct 
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do men and use smaller diameter telescopes. A 5* to 7-mm 
diameter viewing telescope with a 0-degreee angle of vision 
typically is used, although the author prefers telescopes with 
a 30-degree angle of vision . Clamshell biopsy forceps with or 
without electrocoagulation capability are preferred, al¬ 
though long core biopsy needles may be used (e.g., Vim- 
Silvermanv Tru-Cut). Video capability is desirable but not 
crucial for examinations and biopsies; however, video capa¬ 
bility is essential for laparoscopic surgical procedures, such 
as adrenalectomy or ovariectomy. 




A 


% 


i 




* V 


PATIENT PREPARATION 


The animal should be fasted for 18 to 24 hours before the 
procedure. Excessive feces should be removed with enemas, 
and the urinary bladder should be emptied shortly before 
the procedure. Assess the animals platelet count and obtain 
mucosal bleeding time to rule out clinically significant co¬ 
agulopathy. 


ANESTHESIA 


General anesthesia with maintenance using an inhalant 
agent generally is best. If the patient is at high 
thetic complications and the laparoscopist is accomplished 
and efficient, heavy sedation (he,, narcotics plus tranquiliz¬ 
ers) and local anesthetics may be used instead. However, ad¬ 
equate manual restraint is still needed to ensure that the pa¬ 
tient does not move during the procedure. 
















A 
























PATIENT POSITIONING 




The patients position is dictated by the organ or organs to 
be examined. Left lateral recumbency is used for examining 
the pancreas, right kidney, right adrenal gland, gallbladder 
and bile ducts, and right side of the liver. Right lateral re¬ 
cumbency is preferred for examining the spleen and the op¬ 
posite kidney, adrenal gland, and side of the liven Dorsal 
cumbeney allows most oi the abdomen to be examined but 
generally not the adrenal glands. The biggest disadvantage of 
dorsal recumbency is having the falciform ligament hang, 
obscuring part of the field of vision. Elevation of the fore¬ 
quarters (generally not more than 15 degrees) may cause the 
intestines to fall away from the liver and associated organs. 
Be prepared to change the patient s position as needed to al¬ 
low examination of w hatever is desired. 


re- 


FIG 16-1 

Typical laparoscopic equipment. A, Veress needle. B, Two 
sets of cannula plus trocar. C, Viewing telescope and 
cannula. This is a double-puncture apparatus. Another trocar 
and cannula would be needed to insert a clamshell biopsy 
forceps or probe. 


TECHNIQUE 


for surgery. To select a site for the 


Prepare the abdomen as 
Veress needle , carefully palpate the abdomen , making sure 
that you will not stab the needle into an enlarged organ or 
mass. Then make a 1 -mm stab incision in the skin only and 
carefully insert the Veress needle into the peritoneal cavity, 
without puncturing any organs , Hold the Veress needle by 
the shah so that you do not hinder retraction of the rounded 
tip during insertion. Once the needle has been placed, aspi¬ 
rate to be sure you have not entered the spleen and then 
sweep the tip about carefully to eliminate and detect tissue 

fold form ligament omentum) that 


into the abdomen). It also is desirable to have at least one 
threaded cannula, which is “screwed” into the abdominal 
wall, to eliminate the risk of the cannula inadvertently being 
withdrawn from the abdomen after placement. Laparotomy 
systems are available as a single-puncture type (i.e., the 
viewing telescope and the biopsy channel are in the same in¬ 
strument) and a double-puncture type (i.e., one puncture 
must be made into the abdomen for the viewing telescope 
and another tor the biopsy device). Double-puncture tech¬ 
niques allow for a more complete examination ot the ab- 






might interfere with 


e 9 
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FIG 16*2 

Proper way to hold the trocar-cannula assembly when 
inserting it into the abdomen. 


FIG 16-3 

Laparoscopic view of (left to right, liver, intestine, and 
spleen]. 


through this cannula to assist in o careful , methodical exam¬ 
ination of the abdominal viscera. Use the profoe to lift and 
move the v/sce ra so that more of the abdomen can foe vt su - 


insufflation. Produce a pneumoperitoneum by insufflating 
carbon dioxide (CQ 2 j through the Veres s needle until the 
a Women Is moderately distended. Be careful not to in sub 
fiate so much gas that excessive abdominal pressure Inter¬ 
feres with respirations and cardiac return (i,e., generally , do 
not use more than 15 mm Hg pressure). Once the proper 
pressure has been achieved [ adjust the insufflator to main¬ 
tain this pressure in the abdomen during the rest of the 
procedure . 

After obtaining a proper pneumoabdomen , make a small 
skin-only incision ft.a, the size of the Up of the cannula) 
where the cannula with the viewing telescope will be placed \ 


you place biopsy forceps through this sec¬ 
ond cannula, you should visualize the entry of the forceps 
into the abdomen to prevent unintentional trauma.. In some 

to place the viewing telescope th rough 

if anything else 


alized. Anytime 


cases you may 
th e second cann u la also , to 
ol ized that was not seen previa us ly 


visa- 


Biopsy 


Liver. You may use the viewing telescope to direct Tru-Cut 
needles into different organs > but a clamshell biopsy forceps 
(Fig, 16-4, A) usually obtains superior tissue samples 
liver Accomplish hepatic biopsy by pushing the open mouth 
of the clamshell biopsy forceps into the edge of a liver lobe 
ond tearing off a piece of liver (Fig. 16-4 , Bf Only biopsy 
tissue when you can clearly see what you are grasping 
resulting bleeding usually stops after a few minutes. You may 
also use the laparoscope to direct a small-gauge aspiration 
needle (e,g r/ 23-25 gauge) into the gallbladder or other 
s tructu re . 

Pancreas. Use a punch biopsy forceps instead of a 
clamshell biopsy forceps , and take care not to lacerate the 
vein on the underside of the limb of the pancreas. Take a 
small bite from the margin of the pancreas . 

Small intestine. Obtain a full thickness biopsy of small 

intestine at this time by grasping a section of jejunum with o 
Babcock forceps , bringing this tissue up to the end of the 
cannula , and then removing the cannula plus this loop of 
bowel from the abdomen. This maneuver results in a small 
loop of bowel protruding from the incision for the cannula. 
If a 5-mm cannula was used [ enlarge the incision to allow 
the intestine to protrude without being strangled. Use routine 
surgical instruments to accomplish the biopsy, then push the 
loop of bowel back into the abdomen and terminate the pro¬ 
cedure , because the pneumoabdomen has been lost. At the 


Do not insert this cannula too close to the 


organ or organs 
to be examined; It helps to have panoramic views rather 
than being "on top of the organ. Place the point of the 
trocar-cannula assembly into the incision and, with the palm 
of the hand against the trocar to keep it from slipping out of 
the cann via and th e tip o f th e ft nge r ex ten ded a lo ng the shaft 
of the can nda toward the tip of the trocar (Fig . 16-2) f 

slight twisting 


, The 


fully push it into the abdominal cavity 
movement t taking care not to puncture or lacerate any or¬ 
gans. Do not insert the cannula-trocar assembly too far into 
the abdom en . Ra th er f ass oon as th e cannula en ters the ab¬ 
domen, remove the trocar without withdrawing the cannula 
and place the viewing telescope through the cannula Into the 
abdomen. (Before inserting the viewing telescope t use on- 
fj'ibg compound or place the tip of the scope in warm , ster¬ 
ile saline for 2 to 3 minutes to help prevent the lens from fog¬ 
ging,) After Inserting the viewing telescope through the 
cann do, perform a cursory examination of the abdominal 

vhcera before placing the second cannula (Fig, 16-3). After 
the abdomen has been examined briefly ; select the spot for 
the conn da to foe used for the exploring probe and biopsy 
(creep s . Place th is ca nn ula as you pi a ced th e ft rs t f fo ut use th e 
viewing telescope to watch as you push the trocar and can - 
nula through the abdominal wall to ensure 
lacerate any organs. Place a biopsy forceps or a probe 


that you do not 
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I TABLE 16-3 


Possible Emergencies in Laparoscopy 


* Excessive hemorrhage from biopsy of an organ or a 

or urinary bladder; may r 


mass; may require surgery 

* Rupture of the gallbladder 
quire surgery 

* Impaired respiration and cardiac output resulting from 
excessive abdominal pressure caused by ovennsuffla- 
Han; may require quick abdominal deflation 

* Air embolism; may require resuscitative efforts 

* Pneumothorax caused by puncture of the diaphragm 
when the abdomen is insufflated; requires thoraco¬ 
centesis 


A 


THORACOSCOPY 


INDICATIONS 


B 


Thoracoscopy is indicated to examine the pleura and lungs 
for metastases or infiltrates, especially before lobectomy or 
in patients with pleural effusion of unknown cause. Partial 
pericardectomy to relieve pericardial effusion commonly is 

per fo rmed th o races cop icall y* 


EQUIPMENT 


The equipment needed for thoracoscopy is the same as that 
for laparoscopy except that insufflation generally is not 
needed. For interventional thoracoscopy and laparoscopy, a 
variety of dissecting scissors, hemostats, Babcock forceps, 
suction tubes, and linear staplers are needed. Pretied liga- 
lures (Endoloop) often are useful for lung biopsy or for stop¬ 
ping air leaks from lungs. The surgical instruments, espe¬ 
cially the scissors and hemostats, should have electrocautery 
capability. Plastic, threaded cannulas with blunt plastic tro¬ 
cars are preferred for placement in ihe lateral thoracic walls. 
Video capability is essential for most thoracoscopic proce¬ 
dures because of the need to have two operators working si¬ 
multaneously and in coordination to avoid damaging in- 
trathoracic structures. 


FIG 16-4 

A, Clamshell biopsy force 
sample from the margin o 
biopsy. 


ing to obtain a tissue 

Defect caused by the 


sps preparing 

f the liver. B, 


end of the laparoscopic procedure, remove the cannulas and 
Veres s needle and express as much CG 2 as possible through 
the incisions. Close the incisions with a two-layer (skin and 

muscle) closure. 


Be prepared to perform an exploratory laparotomy if ex¬ 
cessive hemorrhage occurs after endoscopy. Likewise, be¬ 
ware of respiratory complications caused by laparoscopy 
(Table 16-3). 


PATIENT PREPARATION 


The animal should be fasted for 18 to 24 hours before the 

procedure. 


Suggested reading 

Freeman LJ: Operating room setup, equipment, and instrumenta¬ 
tion. In Freeman LJ, editor: Veterinary endosurgery, Philadelphia, 
1999, Mosby. 

Freeman LJ, Kolata RJ, Trestle S: Minimally invasive surgery of the 
gastrointestinal system* In Freeman LJ, editor: Veterinary endo- 
snrgery Philadelphia, 1999, Mosby. 

Magne ML, Tarns TR: Laparoscopy: instrumentation and tech¬ 
nique. In Tams TR, editor: Small animal endoscopy, ed 2, 
Philadelphia, 1999, M osby. 

Twedt DC: Laparoscopy of the liver and pancreas. In Tams TR, ed¬ 
itor: Small animal endoscopy » ed 2, Philadelphia, 1999, Mosby 


ANESTHESIA 


General anesthesia using 

pressure ventilation is necessary because a pneumothorax 

wii 1 be create d. 


inhalant agent and positive- 


an 


PATIENT POSITIONING 


The patient’s position is dictated by the organ or organs to 
be examined, but dorsal recumbency generally allows the 
best position for general exploration and pericardectomy 
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and is the one used below. Lateral recumbency is appropri¬ 
ate for select procedures, such as exploration ot the hilar 
lymph nodes and other dorsal thoracic structures, but it may 
require unilateral pulmonary intubation to be maximally ef¬ 
fective. Furthermore, only one side of the chest may be ex¬ 
amined from the lateral approach. 

TECHNIQUE 

Substernal (ParaxipKoid) Camera Port 

Prepare the chest as for surgery. Digitally palpate the notch 
hefween the xiphoid cartilage and the costal arch and make 

on the left side , Insert 

the cannula-trocar assembly into this incision and push it 
through the abdominal wall and the diaphragm in a hori¬ 
zontal plane parallel to the tabletop (be sure that 
aiming above the heart). This will cause the telescope port to 
enter one hemi thorax, above the apex of the heart , Place ad¬ 
ditional ports on either or both sides of the chest and place 
fhe viewing tele scope through them if the situation dictates. 

Unlike in laparoscopy, the cannulas used for the operat¬ 
ing and viewing ports should be open to the outside, thus 
creating and maintaining pneumothorax (in laparoscopy 
these cannulas have seals to prevent loss of the pneumoab- 
domen, which is necessary for examination of the abdomi¬ 
nal viscera). The lateral thoracic wall cannulas should have 
blunt plastic trocars. 


usually 


a sfan incision of this site 


Place these cannulas by making o skin incision, bluntly dts 
meeting through the muscle with o h emostat , and then p ush ing 

and screwing the cannula into the chest. Be sure to place the 
cannulas relatively close to the sternum; if they are placed 
lower, you will find the Iung lobes are imm edia fely in fron t of 
fhe port, which makes it harder to use the ports effectively. Af¬ 
ter all the cannulas have been placed, you may wish to remove 
the mediastinum to allow careful examination of the entire fho- 


FIG 16-5 


pericardial window thoracoscopicalJy 
heart is seen inside the window. B / View of the 
atrium; a right atrial hemangiosarcoma can be seen. 


A, Creation of a 


in a 


dog. The 


section of pericardium ot least 2 to 3 inches 


remove a 

square . Be careful not to allow th e electrocautery to damage 
the heart. Continue the incision around the apex of the heart , 
with the scissors and forceps alternately being placed in the 
operating ports as needed . Be careful not to transect the 
phrenic or vagal nerves (Fig16-5 , Bj. 


rax. Use co utery or las er equipm en t to preven t exces s ive h em - 
orrhage At the end of the procedure f pi 
olize placement with the telescope) and close the chest. The 
chest lute typically can be rem aved the next day : 


chest tube (visu- 


a 


You must be prepared to perform an exploratory thora¬ 
cotomy if excessive hemorrhage occurs after this endoscopy. 


Partial Pericardectomy 

Partial pericardectomy is probably the most commonly per¬ 
form ed inter vent ional th o raco SCO p ic proc e d u re, 

After placing the cannulas in the lateral thoracic walls and 
the observation telescope through a sub stern at port f as de¬ 
scribed above, remove the mediastinum to give the opera¬ 
tors o dear working field of vision. Grasp the pericardium 
with a hemostat or a Babcock forceps held up and away 
from the heart. Use dissecting scissors to make a small inci¬ 
sion in tire pericardial sac. Use a suction tube to remove the 
pericardial fluid. Then grasp the cut edge o f the pericardium 
(Fig, 1 6-5, A) and use scissors to fronsed fbe sac in a circu¬ 
lar pa ttern arc un 

needed to prevent excessive hemorrhage J, The goal is to 


Suggested reading 


Freeman LJ: Operating room seLup, equipment, and instrumenta¬ 
tion. In Freeman LF editor: Veterinary endosurgery* Philadelphia, 
1999, Mosby. 

Garcia F et ah Examination of the thoracic cavity and lung lobec¬ 
tomy by means of thoracoscopy in dogs. Can Vet } 39:285, 1998. 
McCarthy TC: Diagnostic thoracoscopy, Clin Tech Small Anim 
Pract 14:213,1999. 

Potter L, Hendrickson DA: Therapeutic video-assisted thoracic sur¬ 
ge r y In Freeman LJ, edi tor; Veteri n a ry end os u rgery ; P h i ladetph i a, 

1999* Mosby. 

Walton RS: Thoracoscopy. In Tams TR, editor: Small animal en¬ 
doscopy* ed 2, Philadelphia, 1999, Mosby 


c 


y 


d the apex of the heart (use electrocautery 
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os 









and preferably 


The patient must be routinely anesthetized 


INDICATIONS 


maintained with inhalant agents. 


Urclhrocystoscopy is indicated to look for structural abnor- 


PAflENT POSITIONING 


malities, such as ectopic ureters, and to biopsy infiltrative 


best positioned in dorsal recumbency for tram- I 
abdominal or retrograde cystoscopy In male dogs, lateral re- I 


mural lesions, such as tumors and interstitial cystitis. Ure- 


are 


■ "sJ 


thral obstruction, unexplained cystic hemorrhage, and uri- 


cumbency is preferred for ret rograde examination. 


nary incontinence may suggest the need for cystoscopy 


TECHNIQUE 


EQUIPMENT 


Retrograde cystoscopy of female dogs is the most cummui | 


the viewing telescope is 


For retrograde cystoscopy (he 


application and is the preferred way to check for ectopic 


passed up the urethra) of femaie dogs, rigid pediatric human 




cys to scopes are best. These come with a matching cannula 


u re ter s. 


that allows the operator to infuse saline through the cannula 


Place the dog in dorsal recumbency and insert the tip of ik 1 
fully assembled cysto scope into the vestibule. The edges of 


and around the telescope during the procedure to dilate the 


urethra and bladder. To do this, an intravenous (IV) bag of 


by the enefai 


the vulva are occluded around the connulo 


sterile saline is attached to the cannula by routine IV tubing. 


scopist while irrigating fluid Is allowed to flow freely into In 
vagina/ vault. After the vestibule, vagina , and external ure- 


The telescope-cannula assembly ranges in size from 10 Fr 


(suitable for small dogs and female cats) to 22 Fr (suitable 


thral orifice have been distended with fluid , examine fie; 


for medium to large dogs). Most cannulas have a biopsy 


vestibule and vaginal conal. Then withdraw the tip of rfie 
scope toward the vulva until the urethra/ orifice is found ; M 


channel that allows directed biopsy during the procedure. As 


with laparoscopes, telescopes with 0-degree and 30-degree 


serf the tip of the scope info the urethra/ orifice and advert 


viewing angles are commonly used. 


lowly, while continuing to infuse irrigation fluid , to excrw 


Flexible scopes (e,g + , 4-mm diameter bronchoscopes) can 


fhe ure thro. It m ay be necess ary to 


be used in larger female dogs but sometimes are difficult to 


reexam i n e 


ure/ 


the scope is withdrawn from the bladder because max/w 


direct to the desired spot after they enter the bladder. Retro- 


urethral distention may not occur until the urinary b/adefem 


grade cystoscopy of male dogs requires a very small diame- 


a Iso disle n ded. Upon reach ing th e trigon e f fi rsf iden tify fne 


3-mm diameter or less), which typi- 


ter flexible scope (ie 


that urine is 


two ureteral orifices (Fig. 17-1) and make sure 

from each. Next f examine the surface of fhe hladcH 


cally flexes in only one direction and has 


ultrasmall 


an 


biopsy channel that can be used to flush saline info the ure 


especially in fhe apex region^ where urachal diver' 


thru and aspirate fluid without debris. 


mucosa, 


ficulr are found. In particular, if neither ureteral orifice 


J 


Transabdominal (p re pubic) cystoscopy is necessary 


identified in ifs normal location, carefully examine the 


male cats and can be performed in dogs. A trocar and can- 


thra for ectopic openings fFig. 1 7-2) 


mila assembly similar to a laparoscope is used (in fact, small- 




diameter laparoscopes can be used in larger animals). 




Transabdominal prepubk cystoscopy is necessary to ex- 


PATIENT PREPARATION 


amine the bladder of cats and can be used for larger animals. 


If transabdominal cystoscopy is to be done, the urinary blad- 


d 


Place the patient in dorsal recumbency Cathetenze the u 


der must be catheterized and the bladder filled with sterile 


bladder, remove all the urine , and distend the blad 


saline before the telescope is inserted. 


nary 
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Ch apte r 1 7 Ur in a ry Tract En doscopy 


with sterile saline. Insert the cannula-trocar assembly 
through the abdominal wall directly into the lumen of the uri¬ 
nary bladder (see description under Laparoscopy; do not 
create a pneumoabdomen before this trocarization} t Remove 
the trocar and insert the viewing telescope. At the end of the 
procedure, empty the urinary bladder through the urinary 
catheter and remove the cannula. Allow the hole in the uri¬ 
nary bladder to heal spontaneously and maintain the uri¬ 
nary catheter for 1 to 3 days to keep the bladder empty and 
prevent leakage as the incision heals * 

Suggested reading ______ 

Lees GE: Endoscopic and urodynamic evaluation of young dogs 
with urinary incontinence, Proceedings of the Ihirteenth 
ACVJM Forum, Orlando, 1995, 509-512, 

Senior OF: Cystoscopy, In Tams TR, editor: animal endoscopy 

ed 2, Philadelphia, 1999, Meshy, 
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110 17-1 

Gyroscopic view of normal ureteral orifices in the trigone of 
Ihe urinary bladder. 
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Ectopic ureter (4:30 o'clock) in the urethra of a female dog. 
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Surgery of the 

Integumentary System 


“T •* 


1 


around hair follicles, tubular gland ducts, and arrectores 
muscles. The subpapillary plexus lies on the outer layer 
dermis, and capillary loops from this plexus project into 
epidermis and supply it. The capillary loop system is pot 
developed in dogs and cats compared to human beings i 

swine, which is why canine skin does not usually blister ft 
superficial burns. 

The sub dermal plexus is of major importance to 
ability. In areas where there is a panniculus muscle (a 

truncl, platysma, sphincter colli superficialis, sphi 
colli profundus, preputialis, supramammarius muscl 
the subdermal plexus lies both superficial and deep tc 
Therefore the surgeon must undermine the fascial plane 
neath the cutaneous musculature to preserve the integrity 
the subdermal plexus. Where the panniculus is absent 
as in the extremities, the subdermal plexus runs in 
surface of the dermis, requiring the surgeon to undent 

well below the dermal su 


GENERAL PRINCIPLES 

AND TECHNIQUES 




■ 


WOUND MANAGEMENT 


SURGICAL AHATOMY 


composed of epidermis, dermis, and associated 


The skin is 

adnexa. The outermost layer, the epidermis, is thin but pro¬ 
areas with abundant hair and 


tective; it is especially thin in 
slightly thicker in areas without much hair. The thickest epi¬ 
dermis is on the nose and footpads, where it is keratinized. 

avascular; it receives nourishment from 


j 1 eo us 


ter 


The epidermis is 
fluid that penetrates the deeper layers and from dermal cap¬ 
illaries, The thicker, vascular dermis lies deep to the epider¬ 
mis, which it nourishes aud supports. The dermis is com- 

reticular, and elastic fibers surrounded 


s 


posed of collagenous 

mucopolysaccharide ground substance. Fibroblasts, 
macrophages, plasma cells, and mast cells are found through- 
this layer. The dermis contains blood and lymph vessels, 
nerves, hair follicles, glands, ducts, and smooth muscle fibers. 
The hvpodermis, or subcutis, lies below the dermis. 
Musculocutaneous vessels are 


by a 


WOUND HEALING 


out 


.Ins a con 


Wound healing is a preferred biologic process 
nation of physical, chemical, and cellular events that res 
wounded tissue or replace it with collagen. Wound hea 

injury or incision. The four 


the primary vessels supply¬ 
ing the skin in human beings, apes, and swine; however, dogs 
and other loose-skinned animals lack musculocutaneous 
vessels. Musculocutaneous vessels run perpendicular to the 

skin's surface, whereas the vessels supplying the skin of dogs 

and cats approach and travel parallel 

vessels. For this reason, some human pedicle 


begins immediately after 
of wound healing are inflammation, debridement, rej 

and maturation. Wound healing is dynamic; several ph 

simultaneously. The first 3 to 5 days are the lag p 

of wound healing because inflammation and debriden 
predominate, and wounds have not gained appreci 
strength. Healing is influenced by host factors, wound c 
act eristics, and other external factors. 


occur 


rect cutaneous 

grafting techniques have limited application in dogs and 
cats. Terminal arteries and veins branch from the direct cu¬ 
taneous vessels and form the subdermal (deep) plexus, cuta- 

(middle) plexus, and subpapiUary (superficial) 
The subdermal plexus supplies hair bulbs and folli- 


Stages of Wound Healing 

inflammatory phase. Inflammation is a protects 

su e res pon s e 

by increased vascular permeability, cheniotaxis of cin 
lory cells, release of cytokines and growth factors 


neous 
plexus. 

cles, tubular glands, the deeper portion of the gland ducts 
and arrectors pile rum muscles. The cutaneous pi 
plies sebaceous glands and reinforces the capillary network 


initiated by damage. This phase is charaetei 


ex us 


anc 
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activation (macrophages, neutrophils, lymphocytes, and fi¬ 
broblasts). Hemorrhage deans and fills wounds immediately 
after injury, Blood vessels constrict for 5 to 10 minutes to 
limit hemorrhage but then dilate and leak fibrinogen and 
dotting elements into wounds. The extrinsic coagulation 
mechanism is activated by thromboplastin released from in¬ 
jured cells. Fibrin and plasma transudates fill w r ounds and 
plug lymphatics, localizing inflammation and “gluing” 
wound edges together. Blood dot formation stabilizes the 
wounds edges and provides limited wound strength. Scabs 
form when the blood clot dries; they protect wounds 


stimulate fibroblast proliferation and collagen synthesis. Fi¬ 
broblasts originate from undifferentiated mesenchymal cells 
in surrounding connective tissue and migrate to wounds 
along fibrin strands in the fibrin clot. Fibroblasts are stimu¬ 
lated by transforming growth factor-p to produce fi- 
branectin, which facilitates cell binding and fibroblast 
merit Fibroblasts migrate into wounds just ahead of 
capillary buds as the inflammatory phase subsides (2 to 3 
days). They invade wounds to synthesize and deposit colla¬ 
gen, eiastin, and proteoglycans that mature into fibrous tis¬ 
sue. Orientation initially is haphazard, but after 5 days ten¬ 
sion on wounds causes fibroblasts, fibers, and capillaries to 
orient parallel to the incision or wound margin. Wound fib- 

collagen is deposited. Collagen synthesis is 
associated with an early increase in wound tensile strength. 
The amount of collagen reaches a maximum within 2 to 3 
weeks after injury. As the collagen content of a wound in¬ 
creases, the number of fibroblasts and the rate of collagen 
synthesis decrease, marking the end of the repair stage. The 
fibroblastic interval of healing lasts 2 to 4 weeks, depending 

nature ot the wound. Fibroblast migration and pro¬ 
liferation, collagen production, and capillary ingrowth 

if macrophages are absent. 

Capillaries invade wounds behind migrating fibroblasts. 
Capillary buds originate from existing blood vessels and 
unite with other capillary buds or disrupted vessels. New 
capillaries increase oxygen tension in wounds, which 
merits fibroplasia. Mitotic activity in adjacent mesenchymal 
cells increases as blood begins to flow in new capillaries. 
Lymphatic channels develop in a manner similar to capillary 
buds but more slowly Lymphatic drainage of wounds is 
poor during early healing. The combination of new capillar¬ 
ies, fibroblasts, and fibrous tissue forms bright red, fleshy 
granulation tissue 3 to 5 days after injury. Granulation tissue 
is formed at each wound edge at a rate of 0.4 to 1 mm/day. 
Unhealthy granulation tissue is white and has a high fibrous 
tissue content with few capillaries. Granulation tissue fills 
defects and protects wounds. It provides a barrier to infec¬ 
tion, a surface for epithelial migration, and a source of spe¬ 
cial fibroblasts, called myofibroblasts, which play an impor¬ 
tant role in wound contraction. Myofibroblasts are believed 
to contain proteins (actin and myosin) that contribute to 
wound contraction. Myofibroblasts are not found in normal 
tissues, incised and coapted wounds, or tissues surrounding 
a contracting wound. 

Epithelium is an important barrier to external infection 
and internal fluid loss. Epithelial repair involves mobiliza¬ 
tion, migration, proliferation, and differentiation of epithe¬ 
lial cells. Epithelialization begins almost immediately (24 to 
48 hours) in sutured wounds with good edge-to-edge appo¬ 
sition because there is no defect for granulation tissue to fill. 
In open wounds epithelialization begins when an adequate 
granulation bed has formed (usually 4 to 3 days). Temporary 
dissolution of the desmosomes and liemidesmosomes sets 
the keratinocytes free to migrate beneath the eschar at the 
junction between any remaining necrotic tissue and the 
tracellular matrix of the viable connective tissue, Chalone, 


m o ve - 


n e w 


pre- 

wru further hemorrhage, and allow healing to progress be¬ 
neath their surface. Inflammatory phase cells such 
platelets, mast cells, and macrophages secrete growth factors 
or cytokines, which initiate and maintain the proliferative 
phase of healing. Inflammatory mediators (i.e., histamine, 
serotonin, proteolytic enzymes, kinins, prostaglandins, com¬ 
plement, lysosomal enzymes, thromboxane, and growth fac¬ 
tors) cause inflammation that begins immediately after in¬ 
jury and lasts approximately 5 days. White blood cells 
leaking from blood vessels into wounds initiate the de hr ide¬ 


as 


rin disappears as 




ill 


on 


of 


ment phase. 

Debridement phase. An exudate composed of white 
blood cells, dead tissue, and wound fluid forms on wounds 


are 


re 


ly 


during the debridement phase. Neutrophils and monocytes 
appear in wounds (approximately 6 hours and 12 hours af¬ 
ter injury, respectively) and initiate debridement. Neu¬ 
trophils increase in number for 2 to 3 days. They prevent in¬ 
fection and debride organisms and debris by phagocytosis. 
Degenerating neutrophils release enzymes that facilitate the 
breakdown of extracellular debris and necrotic material, and 
they stimulate monocytes. Monocytes become macrophages 
in wounds at 24 to 48 hours. Macrophages secrete collage- 
nm, removing necrotic tissue, bacteria, and foreign mate¬ 
rial. They also secrete chemotactic and growth factors. 
Growth factors (i.e., platelet-derived growth factor, trans¬ 
forming growth factor-o, transforming growth factor- P, fi¬ 
broblast growth factor, and interleukin-1) can initiate, main¬ 
tain, and coordinate the formation of granulation tissue. 
Chemotactic factors (i.e., complement, collagen fragments, 
bacterial endotoxins, inflammatory cell products) direct 
macrophages to injured tissue. Macrophages also recruit 
mesenchymal cells, stimulate angiogenesis, and modulate 
matrix production in wounds. Platelets release growth fac¬ 
tors important for fibroblastic activity. Lymphocytes appear 
later in the debridement phase than neutrophils and 
macrophages. They secrete soluble factors that may stimu¬ 
late or inhibit migration and protein synthesis by other cells. 
However, they usually improve the rate and quality of tissue 
repair. Although healing is severely impaired when 

suppressed, neutropenia or lym- 

or the develop- 


]- 


L- 


) 


t. 


if 


h 


P 


t 


macrophage function is 
phopenia does not adversely affect healing 
ment of wound tensile strength in sterile wounds. 

Repair phase, lhe repair phase usually begins 3 to 5 
days after injury. Macrophages stimulate deoxyribonucleic 
arid (DNA) and fibroblast proliferation, A tissue 
content of approximately 20 mm Hg and slight acidity also 


oxygen 


ex- 
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wounds (17 to 20 days after injury) and may continue tor 

several years. Collagen fibers remodel with alteration of 
their orientation and increased cross-linking, which inw 

wound strength. Fibers orient along lines of Stre 


water-soluble glycoproteins found in the epidermis, inhibits 

epithelial mitosis in normal tissue, but it is diminished in 
wounds, which allows epithelial cells along wound margins 
to divide and migrate across the granulation tissue. Other 
growth factors secreted by platelets, macrophages, and fi¬ 
broblasts may also be involved. Increased basal cell mitotic 
activity occurs as early as 24 to 411 hours. Epithelial migra¬ 
tion is random but guided by collagen fibers. Migrating ep- 

large, flatten, and mobilize, losing their at- 
basement membrane and other epithelial 


ss. 


proves 

Nonfunctionally oriented collagen fibers disappear 

functionally oriented libers become thicker. Type III cold 

increases, Nor 


— gradually decreases, and type 1 collagen i 
mal tissue strength is never regained in wounds; about RG% 
of original strength may be regained. The number of capil¬ 
laries in fibrous tissue declines, causing the scar to become 
paler. Scars also become less cellular, flatten, and soiteti dur¬ 
ing maturation. Collagen synthesis and lysis occur at the 


gen 


en 


1 


tachments to the 

cells. Basal cells at wound edges develop microvilli and 
tend broad, thin pseudopodia over the exposed surface 
collagen bundles. They develop intracytoplasmic mkrofila- 

and selectively fix antiactin and antimyosin antibod¬ 
ies. Epithelial cells in the layers behind these altered cells mi- 

them until they contact the wound surface. Cells 
slide forward until the wound surface is covered. 

under scabs and produce collage - 

it can be shed. 


ex¬ 


same rate m maturing scars. 

Host Factors Affecting Wound Healing 

Old animals tend to heal slowly, probably because 
current disease or debilitation. Malnourished animals ans 
those with serum protein concentrations below 1.5 to 2 g/d 

have delayed wound healing and diminished worn 
glh. Hepatic disease may cause clotting factor dehden 

ies. Hyperadrenocorticism delays wound healing becausec 
excess circulating glucocorticoids. Animals with diabefr 
mellitus have delayed wound healing and a predisposition 1 

wound infections. Uremia that occurs within 5 days of ir 
jury impairs healing by altering enzyme systems, biochem 
cal pathways, and cellular metabolism. Obesity is a risk fa 
tor associated with a higher incidence of postoperatf 
wound infections in human beings. The risk of p-ostoper 
tive wound infection in dogs and cats increases as the dur 
tion of anesthesia increases (Beal, Brown, Shofer, 2000). 


ments 


con 


grate over 




continue to 

The migrating cells move 

which dissolves the base of the scab so 




may 

stren 


nas e 

Contact with other epithelial cells on 
ther cell migration (contact inhibition). Initially 

cell layer thick and is fragile, but it grad 


new ep¬ 


ithelium is only one 

ually thickens as additional cell layers form. After a basement 
membrane has been established, epithelial cells become 
plump, develop mitoses, and proliferate, restoring the not 
mal, stratified, squamous epithelium architecture. Some hair 
follicles and sweat glands may regenerate, depending on the 
depth of skin damage. Epithelial migration also occurs along 

lead to a foreign body reaction, 
all of these. Epithelialization of 




suture tracts, which may 


sterile abscess, or scarring or 
suture tracts can be minimized by early removal of sutures. 

New epithelium usually is visible 4 to 5 days alter injury. Ep¬ 
ithelial ization occurs faster in a moist environment than in a 

nonviable tissue. Epithelial 


Wound Characteristics Affecting 

Wound Healing 


Foreign material in wounds, such as dirt, debris, sutures,a 
surgical implants, can cause an intense inflammatory re; 

tion that interferes with normal wound healing, 
of enzymes designed to degrade foreign bodies destri 

prolongs the inflammatory phase, and del 


dry one. It will not occur over 

migration is energy dependent and related to oxygen 
sion. Anoxia prevents epithelial migration and mitosis, 
whereas hyperbaric oxygen therapy may enhance migration. 
Wet-dry bandages (see p, 148) debride newly formed epithe¬ 
lium, delaying reepithelialization. 

Wound contraction reduces the size of wounds subse¬ 
quent to myofibroblast contraction in granulation tissue. 
Contraction occurs simultaneously with granulation and 

independent of ep ithel ializatiom 

pulled inward by 


ten- 




wound matrix 
the fibroblastic phase of tissue repair. Soil may cant 

infection -potentiating factors that inhibit antibiotics, leu. 

cytes, and antibodies. Exposure of the wound to antisep 

delays healing and may predispose to infection. Warmth ( 

C [86° F]) allows wounds to heal more quickly and 

greater tensile strength than if they are at room temperaU 

A moist wound promotes recruitment of vital host defei 

and cells, encouraging wound healing. Bandages help b 

and moist. Wounds (incisions) created \ 






v 


ion but is 


epithelializat 

Centripetal, full thickness skin ed 

contraction, and wounds may be noticeably smaller by 5 to 

at a rate of ap- 


\ 


es are 




9 days after injury. Contraction progresses 

proximately 0.6 to 0.7 mm/day. Wound contraction i 
ited if the skin around wounds is fixed, inelastic, or under 
tension, and it is inhibited if myofibroblast development 
function is impaired. Contraction can also be impaired by 
antiinflammatory steroids, antunicrotubuiar drugs, and lo 
cal application of smooth muscle relaxants. Wound contrac¬ 
tion stops when wound edges meet, when tension is 

sive, or when myofibroblasts are inadequate. 

Maturation phase* Wound strength increases to its 

level because of changes in the scar during the 
maturation phase of wound healing. Wound maturation 

collagen has been adequately deposited 


wounds warm 

harp surgical instruments heal taster and with less neci 
at the wound margin than those made with scissors, c 

lasers. Wound infection interferes with th« 


is 


s 


or 


troscalpels, or 

pair phase of healing. Contaminated tissues become infe 

if invasive bacteria multiply to 10 organisms per grar 

tissue. The development of wound infection depends or 

degree of tissue trauma, the amount of foreign mat 

and treatment, and th 


exces- 


present, the delay between injury 
fectiveness of host defenses. Bacterial toxins and assoc. 

inflammatory infiltrates cause cell necrosis and vas< 

thrombosis. Wound exudates can separate tissue layers 


maximum 


in 


begins once 
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further delay healing. Inflammation caused by infection fur¬ 
ther compromises vasculature, causing additional necrosis. 

Healing dep e nd s o n th e b 1 o o d supply> which deli ve rs oxy¬ 
gen and metabolic substrates to cells. Impairment of blood 
supply by trauma, tight bandages, or wound movement 

slows healing. Macrophages resist hypoxia, but epithelial iza- 

synthesis are oxygen depend¬ 
ent. Collagen synthesis requires 20 mm Hg partial pressure 
of oxygen (Po 2 ), Hyperba r i c oxygen t h e ra py inc rea ses tiss u e 
oxygen and produces more rapid gains in wound strength. 
Accumulation of fluid in dead space delays healing, because 
the hypoxic fluid environment of a seroma inhibits migra¬ 
tion of reparative cells into wounds. Fluid mechanically pre¬ 
vents adhesion of flaps or grafts to the wound bed. 

The recruitment, proliferation, and function of cells in 
wound healing are controlled by growth factors, which arc pro- 


thcrapy should be avoided for 2 weeks after surgery. Vitamin 
A, vitamin E, and aloe vera may promote healing in irradi¬ 
ated wounds. 


f 


MANAGEMENT OF OPEN 
OR SUPERFICIAL WOUNDS 


i 


tion and fibroblastic protein 


Wounds should be covered with a clean, dry bandage imme¬ 
diately after injury or when the animal is brought for treat¬ 
ment to prevent further contamination and hemorrhage 
(Table 18-1). Life-threatening injuries should be treated and 
the animal's condition stabilized before further wound man¬ 
agement is undertaken. When appropriate, bandages should 
be removed and the wound assessed and classified as either 
contaminated or infected and as an abrasion, laceration, 
avulsion, puncture, crush, or burn wound. The “golden pe¬ 
riod'' is the first 6 to 8 hours between wound contamination 
at injury and bacterial multiplication greater than 10 s or¬ 
ganisms per gram of tissue. A wound is classified as infected 
rather than contaminated when bacterial numbers exceed 
10 : organisms per gram of tissue. Infected wounds often are 
dirty and covered with a thick, viscous exudate. 

Abrasions are superficial and involve destruction of vary¬ 
ing depths of skin by friction from blunt trauma or shearing 
forces. Abrasions are sensitive to pressure or touch and bleed 
minimally. A laceration is created by tearing, which damages 
the skin and underlying tissues. Lacerations maybe superfi¬ 
cial or deep and have irregular edges. Avulsion wounds are 
characterized by tearing of tissues from their attachments 
and the creation of skin flaps. Avulsion injuries on limbs 
with extensive skin loss are called degloving injuries. A pen¬ 
etrating or puncture wound is created by a missile or sharp 

or tooth, that damages tissues. 
Wound depth and width vary depending on the velocity and 
mass of the object creating the wound. The extent of tissue 
damage is directly proportional to the velocity of the missile. 
Pieces of hair, skin, and debris can be embedded in the 
wound. Crush injuries can be a combination of other types 
of wounds with extensive damage and contusions to skin 
and deeper tissues. Burns may be partial or full thickness 
skin injuries caused by heat or chemicals ( see p. 186). 

Wounds less than 6 to 8 hours old with minimal trauma 

and contamination are treated by lavage, debridement, and 


terns synthesized and released by the cells involved in wound 


I 


healing. Numerous growth factors have been identified, in¬ 
cluding platelet - derived growth factor, epidermal growth fac¬ 
tor. fibroblast growth factor, and type-transforming growth 
factor. Platelet-derived growth factors are found in granules, 
whereas macrophages must be stimulated to synthesize and 
release growth facto rs. 

Fibronectins are glycoproteins critical to wound healing. 
They stimulate cell attachment and migration and 
found in soluble form in plasma and in insoluble form in 
connective tissue matrix. Macrophages, endothelium, fi¬ 
broblasts, and epithelium can synthesize and release fi- 
bronectiiL Fibronectin in the coagulum probably assists the 
initial migration of cellular elements (macrophages and ep¬ 
ithelium) into wounds. It binds bacterial ceil wall compo¬ 
nents, collagen, act in, thrombospondin, heparan sulfate, 
hyaluronic acid, fibrin, cell surface receptors, and other fi- 
bronectin molecules, Fibronectin may also be important in 
providing an early wound healing matrix and in interlink¬ 
ing cellular and matrix components during healing. Fi¬ 
bronectin in wounds declines as healing nears completion. 
Proteoglycans arc also important in all phases of wound 
healing. The matrix during cell migration contains elevated 
concentrations of nonsulfa ted glycosaminoglycans (he,, 
hyaluronate). As wound maturation progresses, more sul- 
fated glycosaminoglycans (i.e., chondroitin sulfate, heparan 
sul fa te) app ear. 


\ 
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object, such as a knife, pellet 




TABLE 18-1 


External Factors Affecting Wound Healing 

Radiation therapy and some drugs delay wound healing. 
Corticosteroids depress all phases of w T ound healing and in¬ 
crease the chance of infection. Vitamin A and anabolic 
steroids may reverse the effects of corticosteroids on wound 
healing. Antiinflammatory drugs suppress inflammation hut 
have little effect on wound strength. Aspirin therapy may de¬ 
lay blood dotting. Some chemotherapeutic drugs (e,g„ cy¬ 
clophosphamide, methotrexate, doxorubicin) inhibit wound 
healing. Radiation therapy can have a profound adverse ef¬ 
fect on wound healing, depending on the dose and time of 
expo s u re reiat i ve to th e t i m e of i n j u r y. It re duces t h e q u a n - 
tity of blood vessels and causes increasing dermal fibrosis. 
For these reasons, chemotherapeutic drugs and radiation 


Fundamentals of Wound Management 


Temporarily cover the wound to prevent further trauma 
and contamination. 

Assess the traumatized animal and stabilize its condition. 

prepare the area around the wound. 

Debride dead tissue and remove Foreign debris From the 
wound. 

Lavage the wound thoroughly. 

Provide wound drainage. 

Promote healing by stabilizing and protecting the cleaned 
wou nd. 

Perform appropriate wound closure. 


Clip and aseptically 
Culture the wound. 
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tissue but may drive bacteria and debris into loose 
planes, damage underlying tissue, and reduce resista 
infection, bulb syringes do not generate enough pres? 

remove bacteria and debris adequately. 

Devitalized tissue may be removed by surgical ex 
enzymes (see p, 139), or wet*dry bandages (see p. I4t 
extent of devitalized tissue usually is obvious will 
hours of injury. Devitalized tissue should be surgica 
cised in layers beginning at the surface and progress 
the depths of the wound. Bone, tendons, nerves, and 

must be preserved, but bone sequestra should be re: 
because they may prevent complete granulation 
wound (especially with metacarpal and metatarsal c 
ing injuries) and predispose the wound to infection. I 
should be debrided until it bleeds and contracts wi 
propriate stimuli. Contaminated fat should be libera 
cised because it is easily devascularized and harbors 
hut cutaneous vessels must be spared to mainu 
viability of the overlying skin. As an alternative, the 
wound can be excised en bloc if sufficient healthy tiss 
rounds the wound and vital structures can be pre: 

The danger of surgical debridement is removal of an 

of possibly viable tissue. With pene 
wounds or punctures, it may be necessary to enlai 
wound to assess the extent of injury and allow debrid 
After surgical debridement, wounds often are tree 

wounds with medications and wet-dry bandage 


closure. With most wounds the sooner the treat* 
the better the prognosis. Penetrating wounds should 
be primarily apposed without surgical exploration. 
Severely traumatized and contaminated wounds, wounds 
older than 6 to 8 hours, or infected wounds should be 
treated as open wounds to allow debridement and reduction 
of bacterial numbers. Most wounds are surgically apposed 
after infection has been controlled; however, some wounds 
heal by contraction and epithelial!zation (second intention 


primary 
menu 


not 


healing). 

Often anesthesia is required tor initial wound inspection 
and care. The objective of open wound care is to convert the 

contaminated wound into a surgically dean wound 






open 

that can be closed. Aseptic technique, gentle tissue handling, 
and hemostasis are essential. After initial inspection severely 
contaminated or infected wounds should be cultured. The 

surrounding the wound should be dipped and prepped. 


area 

The wound may be protected from dipped hair and deter- 

sterile, water-soluble lubricant (K-Y 
Jelly) or by placing saline-soaked sponges in the wound. As 
alternative, the wound may be temporarily dosed with 




gents by applying 


a 


an 


Michel dips. Hair may be 


sutures, towel clamps, staples, or 
clipped from the wound margin with scissors dipped in 

mineral oil to prevent hair from falling into the wound. 
Povidone*iodine or chlorhexidine gluconate skin scrubs can 
be used to prepare the dipped skin. The detergents in anti¬ 
septic scrubs cause irritation, toxicity, and pain in exposed 

tissues and may 
and fixes exposed tissues on contact and should be used only 


sive amount 


open 

vision of adequate wound drainage and a viable v 
bed are important to wound healing. The wound she 
closed when it appears healthy or when a bed of ! 
granulation tissue has formed, unless wound dos 
contraction and epithelialization is anticipated. 


potentiate wound infection. Alcohol kills 


on intact skin. 

Initial wound management begins with removal of gross 

sterile saline 


contaminants and copious lavage using warm, 

tap water (500 to 1000 ml). Sterile isotonic saline or a bal¬ 
anced electrolyte solution (Ringer's lactate) is the preferred 
lavage solution (Buffa, 1997). Tap water is effective, and al¬ 
though it causes some hypotonic tissue damage (cellular and 
mitochondrial swelling), it is less detrimental than distilled 
sterile water. Wound lavage reduces bacterial numbers 
mechanically by loosening and flushing away bacteria and 
associated necrotic debris. Occasionally the addition of an- 

antiseptics to the lavage solution (e.g., chlorhex- 
povidone-iodine; see p. 140) reduces bacterial num¬ 
bers; however, these agents may damage tissue. Antiseptics 
have little effect on bacteria that have established infection. 


or 


ANTIBIOTICS 


i 


Selective use of antibiotics may be beneficial in prever 
controlling integument infections after injury 
Minimally or moderately contaminated wounds less 
to 8 hours old may be cleaned and dosed or treated \ 
the need for antibiotics. Severely contaminated, c: 
and/or infected wounds or wounds older than 6 to * 

benefit from antibiotic therapy. Contaminated \ 
and those with established infection should be cultu 
fore antibiotics are given, and antibiotic selection shi 
based on the results of culture and sensitivity testing, 
quantitative bacterial counts should be performed 

grafts or 

struct ion should be delayed if bacterial counts are 
than 10 5 organisms per gram of tissue. 

Systemic antibiotics should be given if there is a h 
of bacteremia or disseminated infection. A broad-sp 
antibiotic should be administered while awaiting cul 
suits. Antibiotic blood levels should be present at the 

when antibiotics are used prophylactically U 
clean-contaminated procedures. Prophylactic an 
optimally are given intravenously when anesthesi 
duced (see Chapter 10). Contamination that occurs 
surgery usually is limited to the patient’s skin flora, tl 




or s 






or 




tibiotics or 




or 


Lavaging is preferred to scrubbing the wound with sponges. 
Sponges inflict tissue damage that impairs 
ity to resist infection and allows residual bacteria to 

inflammatory response. 

Bacteria are effectively removed from the wound surface 
by high-pressure lavage using a 35- or 60-ml syringe and an 

needle, which generates approximately 7 to 8 psi ol 
pressure. The syringe may be connected to a bag of fluid 
with a three-way stopcock and intravenous tubing to facili¬ 
tate refilling. Higher pressure (70 psi), generated by pulsatile 
lavage instruments (Water pik [Teledyne], Surgilav, or Pul- 

Debridement System) is more effective in reducing 
bacterial numbers and removing foreign debris and necrotic 


Haps are placed over granulating wounds. 


the wound’s abil- 




it an 


gauge 


■ 




surgery 


or 
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Silver Sulfadiazine 

Silver sulfadiazine in a 1% water-miscible cream (Silvadene) 
is effective against most gram-positive and gram-negative 
bacteria and most fungi. It can penetrate necrotic tissue and 
enhances wound epithelialization. It is the drug of choice to 
treat burn wounds. In vitro toxicity to human keratinocytes 
and fibroblasts and inhibition of polymorphonuclear cells 
and lymphocytes has been shown. These wound-retardant 
effects of silver sulfadiazine are reversed when it is combined 
with aloe vera (Meggers et ah, 1995). 

Nitrofurazone 

Nitrofurazone (Furacin) has broad-spectrum antibacterial 
and hydrophilic properties. Its polyethylene base gives it hy¬ 
drophilic properties, enabling it to draw body fluid from 
wound tissue, which helps dilute tenacious exudates so that 
they can be absorbed into bandages, Nitrofurazone may de¬ 
lay wound epithelialization. It loses some of its antibacterial 
effects in the presence of organic matter. 

Gentamicin Sulfate 

Gentamicin sulfate, available as a 1% ointment or powder 
(Garamycin), is especially effective in controlling gram- 
negative bacterial growth (Pseudomonas spp., Escherichia 
coli , Proteus organisms). It is often used before and after 
grafting and for wounds that have not responded to triple 
antibiotic ointment. Gentamicin in an oil-in-water cream 
base may initially inhibit wound contraction and epithel¬ 
ialization. However, gentamicin in an isotonic solution 
does not appear to inhibit contraction; it promotes epithe¬ 
lialization. 


drugs effective against gram-positive skin flora, especially 
staphylococci (see p. 66), should be selected (e.g., 20 ing/kg 
cefazoiin given intravenously). 


e 


o 


TOPICAL WOUND MEDICATIONS 


i, 


Topical Antibiotics 

Topical rather than systemic antibiotics are preferred for 
open wounds. Mildly or moderately contaminated wounds 
do not appear to benefit from combined topical and sys¬ 
temic antibiotic therapy; however, combined therapy is ad¬ 
vantageous in heavily contaminated wounds. Antibiotics 
applied within I to 3 hours of contamination often are ef¬ 
fective in preventing infection. The benefits of topical drugs 
should outweigh their cytotoxic effects. Antibiotics used 
effectively as topical ointments or added to lavage solu¬ 
tions are penicillin, ampicillin, carbenicillin, tetracycline, 
kanamycin, neomycin, bacitracin, polymyxin, and the 
cephalosporins. Once infection is established, topical and 
systemic antibiotics have no beneficial effect in preventing 
suppuration of wounds undergoing closure. Wound coagu- 
lum prevents topical antibiotics from reaching effective lev¬ 
els in tissues deep in the wound and also prevents systemic 
antibiotics from reaching superficial bacteria. These 
wounds must be debrided to allow antimicrobial access to 
bacteria. 
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The advantages of topical antibiotics over antiseptics in 
wound management include selective bacterial toxicity, ef¬ 
ficacy in the presence of organic material, and combined 
efficacy with systemic antibiotics. Disadvantages include 
expense, narrower antimicrobial spectrum, potential for 
bacterial resistance, creation of “super infections” systemic 
or local toxicity hypersensitivity, and increased nosocomial 
infections. Antibiotic solutions are preferred to ointments 
and powders. Ointments liberate antibiotics slowly and 
may be occlusive, promoting the growth of anaerobic bac¬ 
teria. Powders act as foreign bodies and should not be used. 
Topical cefazoiin (the combined systemic and topical dose 
should not exceed 20 mg/kg) provides high levels of anti¬ 
biotic in the wound fluid. The drug s minimum inhibi¬ 
tory concentration is prolonged in wounds when it is ap¬ 
plied topically compared with systemic administration 
(Matushek, Rosin, 1991). Topically administered cefazoiin 
is 95% bio available and rapidly absorbed; thus systemic 
levels equal wound fluid levels within 1 hour (Matushek, 


as 
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Enzymatic Debriding Agents 

Enzymatic debriding agents are used as an adjunct to wound 
lavage and surgical debridement. They are beneficial in pa¬ 
tients that are poor anesthetic risks or when surgical de¬ 
bridement may damage healthy tissue needed for recon¬ 
struction. Enzymatic agents break down necrotic tissue and 
liquefy coagulum to allow better antibiotic contact with 
wounds and enhanced exposure for development of cellular 
and humoral immunity; they do not damage living 
used properly. Burned skin, necrotic bone, and connective 
tissue are not digested by available enzymes. Enzymes must 
remain in contact with the wound for an adequate time to 
produce the desired effect. Local tissue irritation may occur 
with enzyme use. Granulex-Y is an enzymatic debriding 
agent containing trypsin, balsam of Peru, and castor oil. 
Trypsin debrides and liquefies protein but can cause local in¬ 
flammation and pyrogenic reactions; balsam of Peru stimu¬ 
lates capillary beds to increase wound circulation; castor oil 
improves epithelialization by reducing epithelial desiccation 
and cornification. Elase is an enzymatic debriding agent 
containing deoxyribonuclease and fibrinolysin. Travase 
ointment contains Bacillus subtil is protease as a debriding 
enzyme, Preparation-H is a hemorrhoid medication com¬ 
posed of a water-soluble extract of yeast (brewer's yeast, Sac- 
chaw myces cermsiae) sometimes used on granulating 
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Triple Antibiotic Ointment 

Triple antibiotic ointment (bacitracin, neomycin, poly¬ 
myxin) is effective against a broad spectrum of pathogenic 
bacteria that commonly infect superficial sldn wounds. 
However, its efficacy against pseudomonads is poor. The 
zinc-bacitracin component is responsible for enhancing 
reepuhelialization of wounds but can retard wound contrac¬ 
tion. Because these drugs are poorly absorbed, systemic tox¬ 
icosis {nephrotoxicity, ototoxicity, neurotoxicity) is rare. The 
ointment is more effective for preventing infections than for 

treating them. 
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LAVAGE SOLUTIONS 

Chlorhexidine Diacetate 


wounds. It stimulates oxygen consumption, angiogenesis, 
epithelialization, and collagen synthesis in wounds and has 
been called the wound respiratory factor. 

Other Topical Agents 

Aloe vera has been used on burns for its antibacterial activ¬ 
ity against Pseudomonas aeruginosa . T he antiprostaglandin 
and anti thromboxane properties of aloe vera medications 
are beneficial In maintaining vascular patency and thus help 
avert dermal ischemia. .Aloe vera medications may also 
stimulate fibroblastic replication and have antibacterial 
properties. Aloe vera has the ability to penetrate and anes¬ 
thetize tissue. Acemannan, a component of aloe vera extract 
gel, promotes wound healing. It is also found in other 
preparations. Acemannan stimulates macrophages to se¬ 
crete the cytokines interleukin-1 and tumor necrosis factor, 

P 

which enhance fibroblast proliferation, neovascularization, 
epidermal growth and motility, and collagen deposition, 
Acemannan may also bind growth factors, prolonging their 
stimulating effect on the formation of granulation tissue. 
Indications for acemannan include partial thickness burns, 
lacerations, dermal ulcers, abrasions, and nonhealing 
wounds. Allantoin, another component of aloe vera extract 
gel, stimulates tissue repair in suppurating wounds and re¬ 
sistant ulcers by promoting epithelial growth. Use on full 

thickness wounds is discouraged because of its antiinflam- 

mato r v e ffe c ts, 

a 

Hydrophilic agents cause diffusion of fluids through 
wound tissues to the surface or Into the bandage. T his dilutes 
the tenacious coagulum and debris on the wound surface and 
allows easier absorption. Copolymer flakes (Avalon Copoly¬ 
mer Flakes), dextranomer (Debrisan), and maltodextrin N.F. 
(Intracell) are hydrophilic agents that absorb tissue fluid with 
minimal tissue reaction. Maltodextrin may provide the cell 
with energy by hydrolysis of its polysaccharide; it also causes 
chemotaxis (polymorphonuclear cells, lymphocytes, and 
macrophages) and has antibacterial and bacteriostatic prop¬ 
erties. An organic acid combination of malic, benzoic, and 
salicylic acids (Derma-Clens) enhances fluid absorption by 
devitalized tissue to promote its separation from wounds. 
Underlying healthy tissue is not damaged by the acids, and 
the 2.8 pH discourages microbial growth. A tripeptide- 
copper complex (lamin-Vet Skin Care Gel) stimulates the bi¬ 
ologic activities of wound healing and is chemoattractant for 
mast cells, monocytes, and macrophages, which stimulate de¬ 
bridement, angiogenesis, and collagen synthesis. The best 
time to begin tripeptide-copper complex application is the 
late inflammatory and early repair phases, with treatment 
continuing into the later repair phase. Exuberant granulation 
tissue maybe a problem with this agent (Swaim et al„ 1993). 
Hexamethyldisiloxane acrylate copolymer (No Sting Barrier 
Film) produces a uniform, transparent, colorless, fast-drying, 
noncytotoxic film that serves as a skin protect ant-type dress¬ 
ing. Applied to clean, dry skin every third day, it allows in¬ 
flammation to resolve quickly and prevents tape from caus¬ 
ing epidermal stripping and skin irritation. 


A 0.05% solution of chlorhexidine diacetate is the preferred 
wound lavage and wetting solution because of its wide spec¬ 
trum of antimicrobial activity and sustained residual activ¬ 
ity. It also has antibacterial activity in the presence of blood 
and other organic debris and minimal systemic absorption 
and toxicity, and it promotes rapid healing. A 0.05% solution 
is created by diluting one pari of stock solution with 40 parts 
of sterile water. Chlorhexidine forms heavy precipitates in 
electrolyte solutions, but this neither delays wound healing 
nor interferes with antibacterial activity (Lozier, Pope, Berg, 
1992). More potent solutions may slow the formation of 
granulation tissue with prolonged wound contact. Residual 
activity may last as long as 2 days, and effectiveness increases 
with repeat application. 


Povidone-Iodine 

A 1% or 0.1% povidone-iodine solution (10% stock solution 
diluted 1:10 or 1:100, respectively) frequently is used as a 
wound lavage solution because of its wide spectrum of an¬ 
timicrobial activity. Iodine compounds are active against 
vegetative and sporulated bacteria, fungi, viruses, protozoa, 
and yeasts. Povidone-iodine is a water soluble, strongly 
acidic (pH 3.2} iodophor produced by combining molecular 
iodine with polyvinylpyrrolidone. Frequent reapplication 
(every 4 to 6 hours) is required when it is used as a wetting 
solution because residual activity lasts only 4 to 8 hours, and 
organic matter (i.e., blood, serous exudate) inactivates the 
free iodine in povidone-iodine. Iodine absorption through 
the skin and mucous membranes may result in excess sys¬ 
temic iodine concentrations and may cause transient thyroid 
dysfunction. The low pH of povidone-iodine can cause or 
intensify metabolic acidosis when the solution is absorbed. 
Scrubbing wounds with povidone-iodine detergents dam¬ 
ages tissues and potentiates infection. In one study, contact 
hypersensitivities were reported in 50% of dogs scrubbed 
with povidone-iodine compounds (Qsuna, DeYoung* 
Walker, 1990). Povidone-iodine at 0.5% is cytotoxic to 
fibroblasts. 


Tris EDTA 


EDTA (disodium-calcium salt of ethylenediamine 
tetraacctic add buffered with tris [ hydroxymethyl j 
aminomethane) added to lavage solutions increases both the 
permeability of gram-negative bacteria to extracellular 
solutes and the leakage of intracellular solutes. Tris-EDTA 

solution is prepared by adding 1.2 g of EDTA and 6.05 g of 

to ad- 


tris to I L of sterile water. Sodium hydroxide is us 
just the pH of the solution to 8, and the solution is mixed 
and autoclaved for 15 minutes (Ashworth, Nelson, 1990). 


Treated bacteria are more susceptible to destruction by 
lysozymes, antiseptics, and antibiotics. Tris-EDTA in sterile 
water rapidly lyses P. aeruginosa > E, eoh\ and Proteus vulgaris . 
The addition of tris-EDTA to a 0.01% chlorhexidine glu¬ 
conate solution increases the antimicrobial effectiveness ap- 





141 


Chapter 18 Sw rgery of the Integumen tary Systern 


cool, and devoid of sensation. Normal skin is warm, pliable, 
and pink with normal capillary refill (difficult to assess) and 
pain sens a t io n. A reas o f q u esti on a ble viabili ty oft en are b In e 
or purple, and capillary refill and sensation are poor. 

Intravenous injection of vital stains fluorescein (10 
mg/kg) or xylenol orange ( 90 mg/kg) have been used to as¬ 
sess the vascular integrity of skin but have not been shown 
to be advantageous over visual observation. Transcutaneous 
oxygen (Po 2 ) or carbon dioxide (Pco>) monitoring allows 
immediate evaluation for ischemia but requires prolonged, 
quiet recumbency (Rochat et ah, 1993), and transcutaneous 
oxygen or carbon dioxide sensors left in place longer than 3 
hours may cause superficial burns. Skin generally survives if 
a transcutaneous Po 3 value of approximately 60 mm ot Hg is 
maintained. Transcutaneous Po 2 values of 30 to 60 mm of 
Hg may be associated with partial or complete survival. 
Transcutaneous Pco : values are lower at the base of skin 

flaps (approximately 53 

mately 106 mm Hg), where ischemia is most apt to occur 
(Rochat et al,, 1993), Laser-Doppler velocimetry is an indi¬ 
cator of capillary blood flux that may give an accurate 
sessment of local circulation. Probes must be placed away 
from major vessels to monitor relative blood flow, volume, 
and velocity, factors that vary with species, site, and instru¬ 
mentation (Manning et al., 1991), Ultrasonic Doppler flow 
detection is a noninvasive, inexpensive means of determin¬ 
ing blood flow and predicting viability in an area. Two 
sounds usually are heard with each arterial pulse, but only 
one sound is heard with proximal occlusion or stenosis. Ar¬ 
eas of nonviable tissue may also be identified by evaluating 
the area with scintigraphy after injection of technetium 99 m 
m ethylene d i p h osph ate. 


proximately 1000-fold. Antimicrobial synergism against E. 
coli occurs between tris-EDTA and penicillin, oxytetracy¬ 
cline, or chloramphenicol. Similarly, tris-EDTA and gentam¬ 
icin, oxytetracycline, polymyxin B, nalidixic add, or triple 
sulfonamide have synergistic activity against ft vulgaris , 

Acetic Acid 

Acetic acid at 0.25% or 0,5% occasionally is used as a lavage 
solution. Its antibacterial effect is achieved by lowering the 
wound pH, Wound acidification is beneficial in wounds that 
contain urea-splitting organisms such as Pseudomonas sppu 
however, resistance to acetic acid may develop. Acetic acid is 
more cytotoxic to fibroblasts than bacteria. 

Other Solutions 

Hydrogen peroxide and Dakin’s solution should not be used 
as wound lavage solutions. Hydrogen peroxide, even in low 
concentrations, damages tissues and is a poor antiseptic. It is 
an effective sporidde, however; therefore,if clostridial spores 
are suspected, it may be beneficial. Hydrogen peroxide dis¬ 
lodges bacteria and debris from wounds by effervescent 
action, Dakins solution is a 0.5% solution of sodium 
hypochlorite (1:10 dilution of laundry bleach). It releases 
free chlorine and oxygen into tissues, killing bacteria and liq¬ 
uefying necrotic tissue. However, oven at half or quarter 
strength, Dakin's solution is detrimental to neutrophils, fi¬ 
broblasts, and endothelial cells and therefore should not be 
used as a wound lavage solution. 


d 


d 


n 


ts 


n 


if 


al 


es 


Hg) than at the apex (approxi- 




a 


as- 


n- 


lSt 




sly 


lar 


on 




nd 


the 


OTHER WOUND TREATMENT METHODS 


tgh 


Experimentally, pulsed electromagnetic field treatment of 
open wounds has been shown to enhance wound epithelial- 
ization and possibly early wound contraction without 
adverse effects on perfusion or tensiometric, histologic, 
dinicopathologic, or electroencephalographic parameters 
(Scardino et al, 1998). A pulsed electromagnetic field gener¬ 
ates complex multiform pulses of oscillating electromag¬ 
netic fields in the ultra low frequency range (0.5 to 18 Hz). 
Treatment for 60 minutes {magnetic 
minutes, deactivated 20 minutes, activated 20 minutes) was 
£iven twice daily for 21 days. A frequency of 0,5 Hz was used 
tor the first 4 days, 3 Hz for 5 days, and 8 Hz for the last 13 
days. There is also evidence that both ultrasonography and 
phototherapy delivered by low-intensity lasers shorten the 
inflammatory phase of healing and enhance the release of 
factors that stimulate the proliferative stage of repair 

(Dyson, 1997). 
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INTEGUMENTARY SURGERY 


ed. 


The fundamental surgical principles for reconstructive sur- 

are listed in Table 18-2. Incisions made with scalpel 


im- 


gery 

blades cause less tissue trauma than those made with scis- 


bed 


sors, electrosurgery, or lasers. Skin edges should be manipu¬ 
lated atraumatically using skin hooks or fine-tooth forceps. 
The deep or subdermal plexus must be preserved during dis¬ 
section and excision to ensure skin survival. It is important 
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Fundamental Surgical Principles 
for Reconstructive Surgery 


* Use strict asepsis in preparation of surgical team, 
room, and instruments and during surgery. 

* Handle tissues gently, 

* P rese rve va s c u la ft ty. 

* Remove necrotic tissue. 

* Maintain hemostasis. 

* Approximate tissues anatomically without tension. 

* Obliterate dead space. 

* Use appropriate suture materials and implants. 


R Of 


ASSESSMENT OF SKIN VIABILITY 


ad- 


Skin circulation may deteriorate for 5 days after surgery be¬ 
cause of edema and other factors. Skin viability is clinically 
assessed by color, warmth, pain sensation, and bleeding. Via¬ 
bility may also be assessed by dyes, transcutaneous oxygen or 
carbon dioxide, laser-Doppler velocimetry, ultrasonic 
Doppler flow detection, and scintigraphy. Nonviable skin is 
black, bluish-black, or white, and the area may be non pliable, 
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The presence of drains also impairs tissue resistance to 
fection and may disrupt graft adherence* The smallest diam¬ 
eter and fewest number of drains with the fewest number of 


to undermine at the level of the subcutaneous fat to avoid 
transection of the sub dermal plexus* To avoid transecting 
the direct cutaneous arteries that supply the subderma! 
plexus, dissection should be performed under the cutaneous 

muscles (ie., 

platysma, and sphincter colli muscles) or 
tremities in the deep dermal layer. 


in¬ 


exit holes should be used to avoid complications. Superficial! 

drains should be secured to the skin at the dorsal as- 


panniculus, preputial is, supramammarius, 

in the distal ex- 


pa ssive 

pect of the wound by direct visualization or blind suture 
placement They should be exited ihrough a stab incision at 
least 1 cm from the primary incision and positioned such 
that they allow maximum flow by gravity. To avoid incisional 
dehiscence and herniation, drains should not exit from the 


Sutures 


Suture acts as a foreign body in wounds, Buried suture 
greatly reduces the critical number of bacteria required to 

can se 


primary incision. They should be 
they cannot be removed prematurely or allowed to retract 
into the wound. Drains should be protected with a bandage 
that is changed before strike-through occurs. Strike-through 
is the saturation of a bandage with fluid that wets both the 
inner and outer surfaces. An Elizabethan collar or bucket can 
prevent self-inflicted drain or bandage damage. The animal 
should be kept in a clean, dry environment and have limited 
exercise* Drain malfunction may be caused by tissue frag¬ 
ments, fibrin, or viscous exudates 
and cause drainage until removed. They should be removed 
when the discharge is serosanguineous and the volume has 
diminished. Most wound drains can he removed after 2 to 5 
days. Closed suction drains placed under grafts usually are 
removed alter 48 to 72 hours, when drainage has dimin¬ 
ished. Care should be used in removing drains to avoid dis¬ 
rupting the skin-wound bed interface. 


infection because suture causes direct irritation, bar 


burs bacteria, and generates ischemic islands of tissue. The 
smallest and fewest sutures possible should be used to close 
a wound. Approximating sutures should be used to bring tis- 
edges into anatomic apposition. A 3-0 or 4-0 absorbable 

polyglyconate, polydioxanone, poliglecaprone 

swaged taper-point needle should 


su e 


suture (e.g 

25,polyglactin 910) with 
be used to dose subcutaneous and subcuticular tissue. A 3-0 


. Drains are foreign bodies 


n vl o n, 

/ 7 


or 4-0 monofilament, nonabsorbable suture {e.g 
polypropylene, polybutester) with a reverse-cutting needle is 
preferred for most skin sutures. Cyanoacrylate tissue adhe¬ 
sives may be used in selected procedures to facilitate skin 

closure or secure drains. 


Drains 

Drains allow evacuation of potentially harmful fluids (e.g., 

blood, pus, serum ) from wounds and help eliminate dead 
space. They often are necessary for treatment 
wounds, lacerations, skin avulsions or separations, mastec¬ 
tomies, seromas, abscesses, and hygromas* Drains 
be used to help maintain contact between a flap or graft and 
its bed. Drains may be either passive or active. Passive drains 
(e.g., Penrose drains) depend on gravity for fluid evacuation, 
whereas active drains require a vacuum. Penrose drains are 
used most commonly to drain subcutaneous spaces. Active 
drains increase drain efficiency and reduce drain-related in¬ 
fection. They are especially useful in draining deep wounds 
and after grafting. Active drains may be open, with an air 
vent into the wound, or closed. With vented drains (e.g., 
sump) there is a danger of retrograde contamination of par¬ 
ticulate matter and bacteria passing through the air vent into 
the wound. Filtered vents reduce the risk of contamination* 
Many portable, closed suction systems are commercially 
available (e.g., Snyder Hemovac). An effective closed suction 
drain can easily be made using a butterfly catheter and an 
evacuated tube or syringe. The syringe adapter is removed 
from the plastic tubing and the tube is fenestrated before the 
drain is placed in the wound* After wound closure the nee¬ 
dle is inserted into the evacuated tube (5 to 10 ml) to apply 
suction* As an alternative, the needle can be removed, the 
tube fenestrated, and the adapter attached to a syringe with 
suction applied. The vacuum tube is replaced when it loses 
negative pressure or fills with fluid. The volume of fluid col¬ 
lected should be measured and recorded. 

The major disadvantage of drains is that they serve as ret¬ 
rograde conduits lor skin contaminants to enter the wound* 


Tourniquets 

Tourniquets are helpful in controlling hemorrhage of the 
distal extremities to improve visualization and reduce oper¬ 
ating time. However, tourniquets should not be used on 
traumatized limbs or those with vascular injury or circula¬ 
tory compromise. Pneumatic tourniquets with pressures be¬ 
low 300 mm Hg for less than 3 hours should be used. The 
limb should be elevated for about 5 minutes or exsan¬ 
guinated with a rubber bandage before the tourniquet is ap¬ 
plied. Exsanguination is contraindicated with local suppura¬ 
tion, deep venous thrombosis, or neoplasia. Pressure is more 
evenly applied if two or three layers of orthopedic padding 
placed under the tourniquet* The tourniquet cuff should 
be applied at a point of maximum circumference, 
nerves and blood vessels are protected against direct com¬ 
pression* Although the value of the technique is question¬ 
able, releasing the tourniquet 10 minutes for every hour of 
inflation has been recommended. For a short-term tourni¬ 
quet (as an alternative to or in combination with a pneu¬ 
matic tourniquet), apply sterile elastic wrap (Vetrap). Apply 
it from the digits proximallv without excess tension and then 
incise it beginning at the toes to expose the surgical area. 

Complications of tourniquet use axe ischemia, hypoxia or 

acidosis of local tissue, neurapraxia, and muscle damage. 


may also 


are 


WOUND CLOSURE 


Wounds may be closed immediately (primary wound clo¬ 
sure); within ] to 3 days after injury when they are free of 
infection but before granulation tissue has appeared (de- 
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brought into apposition with buried walking sutures (see 
p, 158) or 

a n o n e 


alter the formation of 


layed primary wound closure); or 
granulation tissue (secondary closure); or they may be al¬ 
lowed to contract and epithelialize (second intention heal- 

the presence of contamination, 


subcuticular sutures (e.g„ 3-0 or 4-0 polydiox- 
polyglvconate, or poliglecaprone 25). Approximating 
sutures should be used in skin (e«g. 3 3-0 or 4-0 polypropy- 


F 


ing}. Wounds dosed in 
necrotic tissue, excessive tension, or dead space are apt to 
dehisce, often with the loss of additional tissue because of 


iene, polvbutester, or nylon). 

Wounds with considerable tissue loss, contamination, or 
infection, or those older than 6 to 8 hours should be treated 
3 open wounds. Initially they should be lavaged, explored, 
and debrided. Tendons, ligaments, and vessels may be dam¬ 
aged beyond repair. Identifiable tendon ends should be 
tagged. A wet-dry bandage (see p. 148) should be applied 
and the area immobilized to allow debridement and forma¬ 


bacterial toxins and pressure necrosis. If there is any doubt 
whether a wound should be closed, it is best to leave it open. 
Factors that affect the decision to close wounds include the 


t 


as 


i 


i 


foliowi ng: 

P The amount of time that has elapsed since injury 
Wounds older than 6 to 8 hours are initially treated 
with bandages. 

2. The degree of contamination. Obviously contaminated 
wounds should be thoroughly cleansed and initially 

treated with bandages. 

3. The amount of tissue damage . Wounds w ith substantial 
tissue damage have reduced host defenses and are 

likely to become infected, therefore they initially 

should he treated with bandages, 

4. The completeness of debridement Wounds should re- 

if the initial debridement was conservative 


t 


t 


tion of a healthy granulation bed. The wounds will initially 
heal by contraction and epithelialization and may heal com¬ 
pletely (second intention healing). Second intention healing 
often is less expensive and results in normal-appearing skin 
if contraction is complete. Body wounds are more apt than 
leg wounds to completely dose by second intention. The dis¬ 
advantages of second intention healing include contracture 
with disfigurement, incomplete healing, and fragile epithe¬ 
lial scars with large wounds. As an alternative, healthy 
wounds may be repaired by secondary closure or by use of a 
flap or graft. Secondary closure occurs at least 3 to 5 days af- 

healthv granulation bed has formed. h l be 


i 


.1 


1 


more 


s 


d 


main open 
and further debridement is needed 


s 




5, The status of the wound's blood supply. A wound with 
questionable blood supply should be observed until 
the extent of nonviable tissue is determined. 

6, Hie animaTs health. Animals unable to tolerate pro¬ 
longed anesthesia are best treated with bandages until 

their health has improved, 

7, The extent of tension or dead space. Wounds should be 
managed with bandages if excessive tension or 
space is present to prevent dehiscence, fluid accumula¬ 
tion, infection, and delayed wound healing. 

B, The location of the wound. Large wounds in some areas 
(e,g„ limbs) are not amenable to closure. 

Delayed primary closure is indicated for mildly contami¬ 
nated, minimally traumatized wounds that require some 
deansing and debridement or when the wound is older than 
6 to 8 hours. Wounds are first lavaged and debrided to con¬ 
trol local contamination or infection. These wounds should 
be treated with bandages after injury and before closure. Af¬ 
ter lavage and debridement, wounds that are minimally con¬ 
taminated with little tissue loss and that are less than 6 to 8 
hours old (within the golden period) may be dosed prima¬ 
rily. Tra urn at i c wormds containi n ate d by feces, saliva, pu r u - 

lent exudate, or soil should not be closed 
should be thoroughly explored and lavaged with sterile 
saline to remove debris and reduce bacterial numbers. Tran¬ 
sected tendons can be anastomosed in clean wounds (see p, 
52), Large motor nerves that are transected sharply and 
cleanly can be primarily apposed; otherwise, nerve repair 
should be delayed for 2 to 3 weeks until the wound has 
healed. If excessive dead space surrounds a wound, Penrose 
suction drains should be used. Subcutaneous tissues 
should be apposed with 3-0 or 4-0 buried interrupted or 
continuous approximating sutures (e.g., polydioxanolie, 
polyglyconate, or poliglecaprone 25). The skin edges may be 


ter injury, 

granulation tissue helps control infection in the wound and 
fills tissue defects. Secondary closure is called for when the 
wound is severely contaminated or traumatized; when ep¬ 
ithelial ization and contraction will not completely close the 
wound; or when second intention healing is undesirable. 
Secondary closure involves resecting the granulation bed 

lavaging the wound, and apposing skin 

be accomplished by re- 


a 


e 


e 


and skin margins, 
edges. Secondary closure also can 
seeling skin margins, debriding the surface of the healthy 
granulation bed, and apposing skin edges over the granula¬ 
tion tissue, Excising the entire granulation bed gives a more 
cosmetic closure. If secondary closure is not possible, a flap 
or graft can be applied over the defect After wound closure 
absorbent, nonadherent bandage should be applied to 
support the wound and absorb exudate. Bandages should be 

changed once or twice daily if a passive 
drainage is expected and drains are not used, once every 3 to 

4 days may be adequate. 


n 


i- 


y. 


L- 


>- 


an 


j- 


-e 


drain is used; it little 


l S 


d 


re 


l- 


POSTOPERATIVE CARE 
AND ASSESSMENT 


i- 


if 


Postoperative wound care should optimize healing and 
should be tailored to the type of wound. Wounds should be 
evaluated frequently for infection, tension, fluid accumula¬ 
tion, dehiscence, and necrosis. They may be evaluated visu¬ 
ally and with the aid of ultrasonography, which helps detect 
and localize fluid accumulation (Trout et ah, 1994). The ul¬ 
trasound scan allows monitoring of wound depth and width 
and identifies blood clots, edematous regions, granulation 
tissue, scar tissue, epidermis, and eschar. Wounds should be 

protected with clean 
against exogenous bacteria and support the wound during 
the first few days after surgery. Healing, sutured wounds 


i- 


x- 


ly 




a. 


:>r 


or 


dry bandages. Bandages act as a barrier 


o- 


of 


e- 
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wound infection rate in clean wounds: a retrospective study, Vet 
Surg 29:123,2000. 

Buffa EA el al: The effects of wound lavage solutions on canine ft- 
broblasts: an in vitro study, Vet Surg 26:460, 1997, 

Dyson M: Advances in wound healing physiology: the comparative 
perspective. Vet Dermatol 8:227,1997, 

Heggers TP et al: Wound healing effects of aloe gel and other topi¬ 
cal an 11 bacteri a 1 agen ts on rat skin, Phytotherapy Research 9:455, 
1995, 


become increasingly resistant to bacterial penetration. The 
patient and its environment should be kept clean, and ade¬ 
quate nutrition should be provided. Analgesics (see Chapter 

12) and antibiotics (see Chapter 10) should be used post op¬ 
eratively as needed. 

Infection may be suspected if the patient has fever, leuko¬ 
cytosis, anorexia, or depression or all of these. Although these 
abnormalities can be a normal response to stress and surgery 
and do not diagnose Infection, they generally are more exag¬ 
gerated with infection than with non septic inflammation. If 
infection is suspected, samples should be collected lor culture 
and Gram s staining. If a surgical wound becomes infected, 
the sutures should be removed and the incision treated as an 
open wound with appropriate bandages (see p. 148), Topical 
or systemic antibiotics (see above) 

tion based on the results of susceptibility testing. The wound 
may be dosed after the infection has resolved. 

Sutures should be removed from wounds in 7 to 14 days, 
even though the wound has regained only 20% to 30% of its 
original strength. Scarring and infection associated with su¬ 
tures is greater when sutures are left for longer periods. Most 
complications are prevented by using good 
wound management techniques. Potential complications in¬ 
clude inflammation, edema, seroma and hematoma forma¬ 
tion, drainage, infection, dehiscence, necrosis, granulomas, 
contracture, and failure to heal, Seromas are caused by ex¬ 
cessive dead space or motion. They are prevented by closing 
dead space, using drains, and applying bandages to immobi¬ 
lize and support the wound. Seromas are treated by immo¬ 
bilizing the area and applying a pressure bandage. Large 
seromas may be drained, although this increases the risk of 
infection. Dehiscence may occur if tissue necrosis occurs; if 
sutures are placed too close to the margin; if tension exceeds 
suture strength; if sutures absorb too quickly; or if sutures 
strangulate and cut through tissue. Dehiscence may also oc¬ 
cur secondary to self-trauma, infection, severe cough, hy- 
poproteinemia, hypovolemia, or administration of drugs 
lhat interfere with healing. Wounds that dehisce may be al¬ 
lowed to heal by second intention or may be debrided and 
resutured, A granuloma is a chronic inflammatory process 
that may be caused by the presence of foreign material in a 
wound. Contracture or excess scar formation occur most 
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are used to control infec- 


surgical and 
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commonly at sites of motion (e.g., elbow, stifle) or body ori¬ 
fices. Contracture limits motion and may be disfiguring. 
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Scar revision or excision is necessary when contracture in¬ 
terferes with activities. Wounds 


may fail to heal when the 


area is infected or has been irradiated or when the animal 


has received chemotherapy or is severely debilitated or mal¬ 
nourished. 
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BANDAGES 


iation tissue and support bandages used to immobilize frac- 
t u res may n eed ch anging only once every 2 to 4 d a vs. An alge ¬ 
sia or anesthesia may be required for initial bandage changes. 


No single type of bandage provides the optimum environ¬ 
ment for all wounds nor for total healing of a particular 
wound, bandages provide wound cleanliness, control the 
wound environment, reduce edema and hemorrhage, elimi¬ 
nate dead space, immobilize injured tissue, and minimize 
scar tissue. They also provide comfort, absorb and allow 
characterization of wound secretions, and give an aesthetic 
appearance. Bandages keep wounds warm, which improves 
wound healing and facilitates oxygen dissociation. Covering 
wounds with a bandage promotes an acid environment at 
the wound surface by preventing carbon dioxide loss and ab¬ 
sorbing ammonia produced by bacteria. An acid environ¬ 
ment increases oxygen dissociation from hemoglobin and 
subsequently increases oxygen availability in wounds. 

Bandages should be comfortable and clean. Uncomfort¬ 
able bandages annoy patients, who may then mutilate the 
bandage or wonnd or both. Pressure shou 1 d be applied ovcr 
and distal to wounds rather than proximal to them to mini¬ 
mize venous or lymphatic compromise. When the outer 
of bandages becomes wet, bacteria readily pass from the outer 
surface and colonize wounds. Most wounds are unbandaged, 
inspected, and treated daily; however, wounds with excessive 
tissue damage, exudate, or established infection may require 
bandage changes twice or three times daily. Adherent band¬ 
ages should be changed more frequently if the gauze is satu¬ 
rated with exudate and slides on the wound at bandage 
changes. Bandages applied over wounds with healthy granu- 


WOUND BANDAGING MATERIALS 


Bandages have three basic layers: the contact dressing, or pri¬ 
mary layer; the intermediate, or secondary, layer; and the 

outer, or tertiary, layer. 


Contact (Primary) Layer 

The contact layer touches the wound surface and should re¬ 
main in contact with it during movement. It is used to de¬ 
bride tissue, deliver medication, transmit wound exudate, or 
form an occlusive seal over the wound. The contact layer 
should minimize pain and prevent excess loss of body fluids 
(Table 18-3), It may be adherent or nonadherent and occlu¬ 
sive or semiocclusive (Table 18-4), An adherent contact layer 


TABLE 18-3 


Desirable Characteristics of Wound Dressings 


Removes exudates and toxic components 

Maintains high humidity at the wound-dressing interface 

Allows gaseous exchange 

Provides thermal insu Iation 

Relieves pain 

Protects from secondary infection 

Protects from particulate or toxic contaminants 

Allows dressing removal without wound trauma 


M TABLE 18-4 


Primary Layer Wound Dressings 


ACTION 


INDICATION 


TRADE NAME 


TYPE 


Adherent Dressings 


Absorbs, debrides, hydrates, 
disrupts granulation tissue 
Absorbs, debrides, disrupts 
granulation tissue 
Accelerates epithelialization; 
permeable to water vapor but 
occlusive to bacteria and 

water 

Protects skin from urine, f 
and tape; allows rapid 
healing 


high 


Wet-dry 


mmatory 
viscosity exudate 
Inflammatory phase, low-viscosity 
exudate 

Low- and high-exudate wounds 

with granulation tissue 


ase 


D r y-d ry 


Opsite [Smith & Nephew), 


Semi permeable films 


Skin irritation, chronic wounds. 


No Sting Barrier Film 


Skin protectant films 


(3M), Facilitator (Blue 


Ridge Pharmaceuticals) 


Semiocdusive Nooadherertf Dressings 

Calcium/cddum-sodium Kaitostot (BritCairj; Sorb- 

alginate (pad, ribbon, son, Steriseal, Tegagel 
fiber) 


Pad forms a gel when absorb¬ 
ing exudate, which cleans the 

wound; it also is hemostatic 
and encourages epithelializa- 
tion and granulation 
Increases wound contraction, 
absorbs bacteria and exu¬ 
date, delays epithelialization 


Transition from inflammatory to 
repair phase, heavy exudate: 
burns; lacerations; ii 

biopsy 


g 


(3M) 


ncistons: 


n 


7 , 


Early repair phase, viscous to 
sanguineous exudate 


Jelonet, Bactigras 
[Smith & Nephew), 
Adapfic [Johnson & 
Johnson), Xeroform 
[Sherwood Medical) 


Petroleum impregnated 


5 - 


r f, 


Continued 
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a TABLE 18-4 


Primary Layer Wound Dressings—contM 


TYPE 


TRADE NAME 


INDICATION 


ACTION 


Semiotclusive Nonadherent Dressings 

Polyethylene glycol 
(sheets, gel) or cotton 
(pad) 

Silicone membrane 


cont'd 

Release Pads Johnson & 
Johnson), Telfa Pads 
(Kendall) 

Biobrane fWfthrop) 


Early to midrepair phase when ep- 
itnelialization begins, san¬ 
guineous exudate to dry; su¬ 
tured wounds; minor lacerations 


Increases wound contraction, 
absorbs bacteria and 
date; may promote exuberant 

granulation 

Increases wound contraction, 
absorbs bacteria and exu¬ 
date; transparent and con¬ 
forms but may adhere 


exu- 


Early to midrepair phase when ep- 


EtheliaJization begins 

guineous exudate to dry; su¬ 
tured wounds; minor lacerations 


Occlusive Nonadherent Dressings 

Polyurethane 


Allevyn (Smith & 
Nephew), Tegaderm 


Partial thickness injuries; wounds 

with granulation tissue and 

minimal exudate; may use as 
covering for hydrogel or 
drophilic pastes or powders 
Healthy granulation tissue bed 
with advanced wound contrac¬ 
tion and little to moderate 
date; pressure sores; 
cavity wounds; deg loving 


epithe ialization; 


n creases 
cause tissue maceration an 
bacterial proliferation 


7 


(3M) 


Hydrocollaid (sheet, 

paste, powder; some 

are semiocclusive) 


Increases epithelialization and 
comfort; adhesiveness may re¬ 
duce contraction; gas perme¬ 
able but has water imperme¬ 
able coating or is totally 
impermeable; may cause 

ranulation 

s fluid; keeps wound 
moist; permits autolytic de¬ 
bridement; increases collage- 
nose activity in burns 


Duoderm (Convatec), 
Tegasorb (3M), Corn- 
fee! (Coloplast), Derma- 
heal (Solvay) 


perq 

Absorb 


Hydrogel mesh, paste, 
gel, sachets) 


Intrasite Gel [Smith & 
Nephew), BioDres 
(DVM Pharmaceuticals) 

Geliperm (Geistlich), 
Carravet fCamnqtan 
Labs) 

A3 a von Co 

(Summit Hill), Intracell 
(Technivet), Intrasite 
Cavity Filler (Smith & 

Nephew) 

Lyofoam (Ultra), Allevyn 
Cavity (Smith & 
Nephew], Hydrasorb 
Foam Sponge (KenVet) 

Cavicare (Smith & 

Nephew) 


Repair phase; dry, sloughing, 
necrotic wounds; abrasions; 
blisters; superficial wounds 


Hydrophilic material 


mer Flakes 


Deep granulating wounds or 
high exudate or transudate; 
donor sites; chronic ulcers 


Absorbs fluid; keeps wound 
moist; accelerates epithelial- 
ization; inhibits anaerobic 
bacteria, antimicrobials can 
be added to gels 

Absorbent; acts as a filler or 
stent; comfortable; may cause 

maceration 


(beads, flakes, pow 
ders, paste) 


Foam 

Polyurethane (liquid 
sachet] 


Inflammatory or repair phase; 


deep wounds with It 
date; inguinal or axillary 
wounds 

Same as for polyurethane foam 




Silicone 


Same as for polyurethane foam 

Reduces pain, heat, water loss, 
and contamination; stimulates 

epithelialization, collagen 
synthesis and granulation; in¬ 
creases contraction (amnion); 

i 

controls exudate 


Biologic dressing (e g., 


Inflammatory to repair phase 


amnion 
tinal submucosa [SIS], 


grafts, cultured 


epithelium) 


is used when wound debridement is required, and a nonad¬ 
herent contact layer is selected when granulation tissue has 
formed. Semiocclusive bandages allow air to penetrate and 
exudate to escape from the wound surface. They are the 
most commonly used bandages i n veterinary medicine. Oc¬ 
clusive bandages are impermeable to air and fluid. They 
used on less exudative wounds to keep tissues moist. 


Dry adherent, A dry adherent contact layer should be 
selected when the wound surface has loose necrotic tissue 
and foreign material or a large amount of low-viscosity exu¬ 
date that does not aggregate. An absorbent, wide-mesh 
gauze is used without cotton filler. Dry gauze absorbs exu¬ 
date and adheres to necrotic tissue and debris, fhe bandage 
should be removed after the primary layer has absorbed 
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are used on healthy wounds with minimal exudation during 
repair phase of healing. Occlusive dressings accelerate 
wound epithelialization and collagen synthesis. They require 
less frequent changes than other types of bandages. Some 
types of occlusive dressings have a hydrocolloid, adhesive 

layer (Dermaheal or DuoDERM). The hydrocolloid adheres 

to skin around the wound, and the dressing over the wound 
interacts with the wound fluid to create a nonadherent, oc¬ 
clusive hydrocolloid gel These dressings are used on wounds 
with an established granulation tissue bed, advanced con¬ 
traction, minimal fluid production, and initial epithelial iza¬ 
tion. The wound should first be lavaged and dried. The hy¬ 
drocolloid dressing then is warmed between the palms to 
make it soft and pliable* The dressing is cut to an appropri¬ 
ate size and shape to cover the wound, and the protective 
film is removed. The dressing is applied with light pressure 
until it adheres to the skin. Adherence is a problem in dogs 
and cats but may be improved by clipping the hair adjacent 
to the wound, it may be necessary to apply a light interme¬ 
diate and outer bandage layer to hold the hydrocolloid dress¬ 
ing in place over mobile areas* The dressing is removed after 
2 to 3 days when the outer surface of the hydrocolloid feels 

fluid ^filled blister or if leakage occurs. The gel is 
lavaged or wiped from the wound, and a new dressing is ap¬ 
plied. Wounds dressed with hydrocolloid contact layers are 
less painful and epithelialize more rapidly than wounds cov¬ 
ered by semi occlusive, nonadherent dressings; however, 
wound contraction is reduced. The dressings are not trans¬ 
parent, which makes wound monitoring difficult. 

DuoDERM is an oxygen-impermeable dressing used to 
treat dermal ulcers, burns, abrasions, and graft donor sites. 
Its outer layer is a polyurethane foam that is impermeable to 
oxygen and water; its inner layer is a hydrocolloid polymer 
complex that is occlusive and hydrophilic. Oxygen imper¬ 
meability promotes the rate of epithelialization and collagen 
synthesis and lowers the pH of wound exudate, thereby po¬ 
tentially reducing bacterial counts. The dressing does not ad¬ 
here to the wound bed and is comfortable. Fluid accumu- 


fluid and debris and dried. '! he disadvantages of a dry ad¬ 
herent contact layer are that it is painful to remove; viable 
cells may be removed with necrotic debris; and the wound 

may desiccate. 

Wet adherent* A wet adherent contact layer should be 
used when the wound surface has necrotic tissue, foreign 
matter, or a viscous exudate. Sterile, wide-mesh gauze 
soaked with saline is applied to the wound* A 0*05% solution 
of dilorhexidine diacetate (Nolvasan solution) may also be 
used as a wetting solution. The fluid dilutes the exudate so 
that it can be absorbed by the intermediate layer of the 
bandage. Necrotic tissue and foreign material adhere to the 
gauze as it dries and are removed with the bandage. Wet 
bandages absorb faster than dry bandages and are more 
comfortable. Potential disadvantages of a wet adherent con¬ 
tact layer are pain and tissue damage during bandage 
change, bacterial proliferation, tissue maceration, and 
strike-through {see p. 148). Rewetting the dried dressing 
with warm saline facilitates removal and reduces pain during 
bandage changes. 

Adherent film. Transparent liquids that are spread in a 
ill in layer over the wound dry, creating a film or bandage 
that acts as a barrier between the skin or granulating wound 
and the external environment. These films are generally per¬ 
meable to water vapor and occlusive to bacteria and water* 

I hey prevent skin irritation from urine or feces contamina¬ 
tion. They may be used alone over wounds or with a band¬ 
age. Reapplication is necessary every 3 to 4 days. 

Nonadherent. Non adherent contact layers do not stick 
to the wound surface, and most are semio cclusive * They may 
be used when wounds are in the repair phase of healing or if 
necrotic debris is absent. Nonadherent contact layers retain 
moisture to promote epithelialization and prevent wound 
dehydration. They allow excess fluid to drain, preventing tis¬ 
sue maceration. Wide-mesh gauze impregnated with petro¬ 
latum (Adaptic or Xeroform), polyethylene glycol (Furacin 
Dressing or Aquaphor), or petrolatum-based antibiotic oint¬ 
ment is used as the nonadherent contact layer when wounds 
have newly formed granuiation tissue and some exudate but 
are not epithelial ized. Petrolatum gauze slows epithelial iza¬ 
tion, Polyethylene glycol is a hydrophilic, water-soluble sub¬ 
stance that serves as the base of some ointments and is used 
in prevent adherence and increase capillarity. Xeroform is a 
semiocclusive dressing composed of a fine-mesh gauze im¬ 
pregnated with 3% bismuth tribromophenate and petrola¬ 
tum. it allows egress of fluid and bacteria from the wound 
thro ugh the mesh* Fibrin from t h e wo u n d bed causes te m - 
porary bonding of the dressing to wounds as the dressing 
dries. It is inexpensive and associated with low infection 
rates but painful to remove* Epithelialization is 
adherent dressing without petrolatum (a cotton nonadher¬ 
ent 61m dressing, such as Telfa pads or a rayon-polyethylene 
dressing, such as Release) should be used once epithelializa¬ 
tion begins. These dressings are removed with little pain be¬ 
cause they do not adhere to the wound surface. 

Another type of nonadherent contact layer is an occlusive 
dressing. Occlusive dressings are not permeable to air* They 


The dressing should be 


fates under the dressing, 
discontinued when epithelialization is com 

Other occlusive, nonadherent contact layers include 
polyurethane films, hydrogels, and hydrophilic beads, flakes, 
powders, and pastes* Polyurethane films and hydrogels are 
transparent, expensive, and contraindicated on infected 
wounds. Polyurethane films are used 


plete. 


in kiting 

surfaces. Hydrophilic polymers rapidly absorb large 
amounts of wound fluid and are indicated for deep, granu¬ 
lating, and/or infected wounds. Biobrane is an expensive, 
temporary wound dressing composed of an ultrathin, semi- 
permeable, silicone membrane bonded to a flexible, knitted, 
nylon fabric with pores* The two layers are covalently 
bonded to porcine collagen peptides to increase wound ad¬ 
herence, Biobrane is flexible and stretches to conform to the 


on fiat, grai 


area* It is incorporated into the wound and therefore is com¬ 
fortable. The wound can be seen through the dressing, and 
minimal fluid collects. The dressing is removed when ep¬ 
ithelialization is complete or infection is detected. Biologic 


I 
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is, Owners must be instructed on proper bandage care. 
Bandages should be evaluated frequently for signs of slip¬ 
page or strike-through, I he surface of all bandages should 
be kept dean and dry. Patients should be observed for dis¬ 
comfort, swelling* hypothermia* skin discoloration, dryness, 
or odor, which may indicate that the area has been bandaged 
improperly. Bandages applied too tightly impair 
and damage soft tissue. Digits should be exposed when ex¬ 
tremity bandages are 
tion to be monitored. Loose bandages cause pressure sores 

or slippage. Patients should be restrained from chewing at 
the bandage, and exercise should be limited to short leash 

patient is outside* bandages should be cov- 


as contact layers on wounds with mini- 


dressings may serve 
mal exudate. Biologic dressings include grafts and amniotic 


membrane. 


Intermediate (Secondary) Layer 

The intermediate layer of a bandage is an absorbent layer 

that removes and stores deleterious agents (e.g., blood, 

enzymes) away from the 

round surface. Bacterial growth is retarded if the bandage 
allows fluid evaporation and exudate becomes concentrated. 
The intermediate layer should have capillarity for absorption 
and should be thick enough to collect the fluid, I he inter¬ 
mediate layer also serves to pad the wound from trauma* 
plint the wound to prevent movement, and hold the contact 
layer against the wound. Absorbent cotton, combine roll or 

cast padding (Specialist cast padding or 
used. Enough pressure must be applied during application 
of this layer to eliminate spaces between the wound and the 
contact layer and between the contact layer and intermediate 
layer. Such spaces allow fluid to accumulate, which promotes 
tissue maceration; however, excessive compression impairs 
absorption and interferes with blood supply and wound 
contraction. The outer layers of the intermediate layer can be 
made nonabsorptive by applying petrolatum, which inhibits 
environmental fluid from reaching the wound. 


circulation 


* exudate, debris, bacteria* 


serum 


pplied to allow sensation and circuit 


Y\ 


wa Iks, Whe n th e 

ered with a plastic bag or other waterproof material to pro¬ 
tect them from dirt and moisture. The waterproof material 


s 


should be removed within 30 minutes to prevent excess ac¬ 
cumulation of moisture under the bandage. 


kerlix rolls) may be 


Absorbent Bandages 

Absorbent bandages are indicated for open contaminated 
and infected wounds. Absorbed debris is removed from the 
wound surface to allow better healing. The contact layer is an 
absorbent material (gauze pads or Kerlix pads) followed by 
absorbent intermediate layer (Kerlix rolls) to hold the pad 
in place. The thickness of the intermediate absorbent wrap 
varies with the amount of expected drainage. An elastic can 
touring wrap (Conform Stretch Bandages or Kling) is placed 

the absorbent wrap to conform the bandage and apply 

the final covering. The 

often if 


an 


Outer (Tertiary) Layer 

The tertiary layer holds the other bandage layers in place and 

them from external contamination. Roll gauze 


over 

slight pressure. Adhesive tape is 
bandage should be changed daily or 
strike-through occurs. 


protect s 

(Conform Stretch Bandages or Kling), stockinette (Specialist 

surgical adhesive tape is used for the 


tubular stockinette), or 
outer bandage layer (surgical adhesive tape is most com¬ 
monly used). Porous tape allows fluid evaporation and pro¬ 
motes dryness but allows surface bacteria to contaminate the 
wound when it becomes wet. Conversely, wound bacteria 

migrate through bandages and contaminate the envi- 

Waterproof tape protects the wound from envt- 
mental fluids but creates an occlusive bandage that may 
lead to tissue maceration. It should be used only in areas pre¬ 
disposed to getting wet (e.g 

combination with porous tape. Elastic adhesive tapes 
(Elastikon porous adhesive tape or Vetrap) apply pressure, 
conform to the area, and immobilize it. Support rods or 

porated into the outer layer of the band- 

if additional immobilization is required. Custom-made 
or modified garments such as childrens T-shirts can be used 
to protect or replace the tertiary layer of bandages applied to 
the body or head. Elizabethan collars, side or body bars, and 

tape hobbles frequently are 
the patient. 




Adherent Bandages 

The types of adherent bandages are wet-dry, wet-wet, and 


dry-dry. 


Wet-dry* Wet-dry bandages are the most common type 

veterinary medicine. Wet band* 

assist debridement by liquefying coagulum and absorb- 


o 1 ad he ren t b and age u s e d in 


run meat. 


ages 

ing necrotic debris while leaving viable tissue intact. The 

that, as the sponges dry, 


ron 


principle of a wet saline bandage is 
wick action pulls debris and exudate into 


the feet), and it often is used In 


sponge ana 

from the wound. The advantages of wet-drv bandages 
(1) antimicrobials can be used in the wetting solution; 
(2) a physiologic environment can be maintained; (3) com¬ 
fort is maintained; and (4) exudate is removed. However, 
bacteria may flourish in a moist environment, and tissue 

maceration may occur. Topical antibiotics u: 

ith a wet bandage should be in a water-soluble for 

and placed in the solution used to wet the sponges. 


a wa y 


r be incor 


splints may 


age 


in con i unt¬ 


il sed to protect bandages from 


the wound 


Place several layers o f sterile gauze sponges 

and soak them with saline or a 0.05% to 0,1 % c/i/oWiex/cfine 

solution. Cover the wet sponges with on absorbent bandage. 

often if sfnied/rroWOT 
the primary layers of the bandage ( dry 

with saline and lift 




TYPES OF BANDAGES 


When applying bandages, appropriate materials of adequate 
width should be used to avoid a tourniquet effect. Porous 
materials allow air to circulate and moisture to escape. All 
bandages should be applied as smoothly as possible to avoid 
ridges and lumps that may cause irritation and skin necro- 


Change the bondage 


or more 


remove 


occurs . 

gauze sponges J, moisten 
them from the wound. 


sponges 
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Removal of ihe primary bandage layer may cause bleed¬ 
ing or oozing, A non adherent bandage generally is indicated 
after 3 to 5 days of wet-dry bandaging* 

Wet* wet. A wet-wet bandage is similar to a wet-dry 
bandage except that the contact layer is expected to remain 
wet and is not allowed to dry before bandage removal. The 
bandage can be kept moist between bandage changes by in¬ 
serting a fenestrated drain between layers of gauze and 
jeeting fluid into the bandage every 4 to 6 hours. A wet-wet 
bandage is used to transport heat and enhance capillary 
movement of exudate from the wound. It crea les a moist en¬ 
vironment to help clean the wound but has little debriding 
capacity. This type of bandage is used on wounds with large 
amounts of viscous exudate and little debris or necrotic tis¬ 
sue. The disadvantages of wet-wet bandages include in¬ 
creased management time, tissue maceration that promotes 
infection, and environmental contamination of the wound 
by bacteria if fluid reaches the bandage surface. After 3 to 5 
days a healthy granulation bed should have formed, and the 
wet-wet bandage is replaced with a nonadherent bandage. 

Dry-dry. Dry-dry bandages are used on wounds with 
loose necrotic tissue and debris or a large amount of 
tow-viscosity exudate. 


when hydrocolloid dressings that adhere to the wound edges 
are used. Occlusive bandages are used to retain moisture over 
partial thickness wounds without necrosis or infection* 

Tie-Over Bandages 

The contact and absorbent layers of a bandage can be held in 
place with a tie-over bandage when the wound is in an area 
inaccessible to standard bandaging techniques (e.g., the hip, 
shoulder, or axilla). 


in- 


Place several sutures (e.g., 20 or 0 nylon 
in the skin surrounding the wound , tying them with a loose 
loop . Apply an adherent or nonadherent eon fact layer and 
intermediate bandage layer on the wound '. Hold these 
layers in place by lacing sterile gauze or umbilical tape 
through the loose skin sutures. As an alternative, staple long 
strands of suture 2 to 3 cm from the wound edges around the 
periphery of the wound , then tie or clamp these sutures 
the bandage to hold it in place. Cover the area with an outer 
bandage layer i f pos s ib Is (Fig * 7 8- 1). 

Stabilizing Bandages 

Stabilizing bandages help immobilize fractures to minimize 
i u r t her tissue da m age d u ring tra n spo r t fo r deh nit ive fract u re 
fixation. 'These bandages are heavily padded and often are 
ferred to as Robert Jones bandages (see p. for application 
technique). After fracture fixation with splints, external fixa¬ 
tors, or internal fixation, stabilizing bandages may be used to 
support injured tissues, reduce swelling, and treat open 
wounds. The type of bandage applied to the wound is deter¬ 
mined by the type of wound and the condition of the tissues. 

Postoperative or Closed Wound Bondages 

Bandages may be applied to areas without an open wound to 
absorb fluid from a drain or incision line, to support the 


polypropylenej 




over 


t 


Apply o dry wide-mesh gauze to the wound , th 
sorbent intermediate layer and tape. Leave the bandage in 
pface until absorbed fluid and debris have dried in the in¬ 
termediate layer 


ab- 


en an 


re- 


Dry-dry bandages are painful to remove, viable cells may 
be dislodged with necrotic debris, and tissue may desiccate. 

Nonadherent Bandages 

Wet-dry wet-wet, and dry-dry bandages should be replaced 
with nonadherent bandages when drainage becomes serosan¬ 
guineous and granulation tissue forms on the wound. The 
contact layer is a nonadherent pad (Release or Tel fa) followed 
by an intermediate absorbent wrap fKerlix rolls) to hold the 
pad in place. The thickness of the intermediate absorbent 
wrap varies with the amount of drainage expected. 

Piece on elastic con tou ring wrap (Con fo mi Stretch Bandages 
or Kling) over the absorbent wrap to conform the bandage and 
apply slight pressure , Place adhesive tape 
mg. Change the bandage every I to 3 day 




the final cover 


as 


as needed. 


X + 


s or 
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«r*1- *. 




Occlusive Bandages 






I-' * 




CXclusive bandages allow wound fluid and normal body 
moisture to accumulate and prevent external fluid contami¬ 
nation of the wound. Bandages become occlusive when the 

er is waterproof adhesive tape, rubber, or plastic* An- 
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outer 

other type of occlusive bandage is a hydrocolloid material 
that serves as a nonadherent contact layer (Dermaheal 
DuoDERM) (see discussion of wound dressing materials, p. 
147). Occlusive dressings are beneficial in 
and quality of healing in comparison with dressings that allow 
wound desiccation. However, wound contraction is reduced 


FIG 18-1 

Apply several sutures or skin staples with loose loops around 
the periphery of wounds to create a tie-over bandage in 
areas inaccessible to standard bandaging techniques. Apply 

and secondary bandage layers, then hold the 
tertiary layer in position by lacing umbilical tape or heavy 
suture through the loose skin sutures 




speeding the rate 


the primary 
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Incision, to compress dead space, to apply pressure, or to 
prevent trauma or contamination. These bandages improve 
t h e p a t ten t's co mfo rt by s uppo r ti ng wo u nd s. 


bandage, and it also distributes pressure around rather than 

over the wo und. 


Create a do ugh n ut-shaped bandage by roiling a towel or 
doth info a tight cylinder, secure// taping it to maintain the 
roll f and forming it info on appropriately sized circle . Cen¬ 
ter the doughnut-shaped bandage over the lesion or bony 
prominence and secure it to the skin with tape so that it does 
not slip . These bandages may be difficult to maintain in po¬ 
sition, and taping directly to the skin may cause skin irrita¬ 
tion. Pipe insulation bandages us ually are used to protect the 
olecranon. Create bandages from foam rubber pipe insula¬ 
tion tubes by splitting the tube and cutting a hole where the 
bony prom in ence wiII lie. if necessary , use two or th ree th ick- 
nesses of pipe . Sfock and tape the pieces of pipe together 
When using the bandage over the olecranon, first pad the 
cranial surface of the radial-humeral joint with cast padding 
to prevent joint flexion and to keep the dog from lying in 
sternal recumbency Then tape the cast padding and pipe in- 
su/affon in place. Use a spicafype bandage (see discussion 
on bandaging extremities, p . 1511 if necessary■, to hold the 
bandage in position. 

BANDAGING TECHNIQUES 

Bandaging the Thorax and Abdomen 

The thorax and abdomen often are bandaged to cover 
wounds, surgical incisions, or drainage devices. These band¬ 
ages should be applied firmly but without constricting the 
chest or abdomen. Abdominal pressure bandages occasion¬ 
ally are used when abdominal hemorrhage is suspected. 
Their effectiveness lasts only 1 to 2 hours, and they should be 
removed within 4 hours. When placing an abdominal pres¬ 
sure bandage, bandage layers should be applied firmly. A 
rolled towel can be placed along the midline to reinforce the 
bandage before tape is applied. 

Apply an adherent or nonadherent contact layer over the in* 
cision or wound[ Place several layers of sterile gauze 
sponges over the end of Penrose drains. Hold the contact 
layer in position with combine rolls f cast padding, or cotton i 
Use padding, gauze f and tape rolls 3 to 6 inches wide. 
Wrap the padding circumferentially around the torso with 
slight pressure , Overtop each wrap by approximately one 
half to one third the width of the roll, increase the thickness 
of the intermediate layer with increasing amounts of ex¬ 
pected drainage. Reduce rostral or caudal slipping of the 
bondage by wrapping the intermediate and outer bondage 
layers between the legs and over the shoulders or hips in a 
crisscross fashion. Encircle the torso with one? wrap of bond¬ 
age material, then direct the bandage from the right inguinal 
area (axillary area) to the left perinea/ area (shoulder area). 
Encircle the torso again and continue across the right per¬ 
ineal area (shoulder area), through the left inguinal area 
(axillary area), to the left flank (thorax). Repeat the crisscross 
pattern several times , Also reduce slippage by adhering % 
to 1 inch of tape to the hair Do not wrap the bandage so 
tightly that thoracic expansion is inhibited. Hold the interme j 


Place a nonadherent f absorbent dressing over the incision 
line and several layers of wide-mesh f absorbent gauze over 
drains . Determine the thickness of the intermediate layer 
based on the amount of drainage expected. Be sure to use 
adequate padding over the end of the drain to prevent 
strike-through. Assess the character and amount of drainage 
with each bandage change . 

Pressure Bandages 

Pressure bandages facilitate control of minor hemorrhage, 
edema, and excess granulation tissue. Direct application of a 
corticosteroid ointment to the wound may help control ex¬ 
cess granulation tissue. The more convex the surface, the 
greater the pressure exerted by the dressing on the tissue. 


an absorbent nonadherent contact layer over the 

or excess granulation tissue. Use a 
th ick t abs o rben t in term ed ia te layer and elas tic a dh es ive tape 
for the outer bandage layer. Wrap the elastic tape carefully 
to avoid excess pressure, which can impair arterial, venous, 
and lymphatic circulation and cause tissue necrosis or nerve 
damage. Check for discomfort, swelling, hypothermia, dry¬ 
ness, or odor, which may indicate that the area has been 
bandaged too tightly. Remove the bandage within 24 to 48 
hours if it was applied to control hemorrhage. 

Pressure Relief Bandages 

Bandages designed to prevent pressure over an area (usually 
a bony prominence) are used to treat or prevent pressure 
sores (see p. 191). Avoiding pressure encourages healing over 
bony prominences. Most pressure relief bandages use a 
dough nut* shaped bandage or pipe insulation (Pig. 18-2). 
The bandage should be large and thick enough to prevent 
pressure over the bony prominence. The circular opening in 
the bandage is used to treat the wound without removing the 


Apply 
area of hemorrhage 


FI G 18»2 

Pressure relief bandage applied over the greater trochanter 
in a dog. The bandage is made from a firmly rolled towel 
that Es cut, taped, and applied over the bony prominence. 
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cfa/e layer in place with elas tic go uze (Kltng) 

Cut a length of s tockinetie (3 inches for cats and smaII dogs; 
4 to 6 inches for medium and large dogs} slightly longer 
than the length of the body from head to rump. Cut small 
holes in the stockinette to accommodate the legs. Place the 
stockinette over the head and pull the front legs through the 
kg holes before rolling the stockinette caudally. Pull the hind 
legs through the leg holes. Secure the bandage with tape. In 
mole dogs , cut a hole in the bandage to accommodate the 
prepuce or divert urine with a catheter to keep the bandage 
dry. During bandaging manipulate the ends of tube drains 
that they can be easily accessed for aspiration or infusion. 

Bandaging the Head 

Most bead bandages are placed to protect an ear 
been traumatized or has surgical incisions. Similar bandages 
can be used to cover the eye. Head bandages may interfere 
with breathing if they are applied too snugly or with neck 
flexion. A properly applied bandage should allow insertion 
of the fingers between the bandage and chin to allow room 
for neck flexion without airway obstruction. If the bandage 
is too tight, an incision can be made partway across the 
bandage under the chin, heaving one ear out of the bandage 
helps to keep the bandage from sliding. Extreme caution 
should be used when removing the bandage to prevent lac¬ 
eration or amputation of the pinna. 

Apply I-inch porous tope directly to the edge of the pinna to 
form a stirrup . Fold the ear over an absorbent pad or gauze 
sponges onto the dorsum of the head and wrap the tape 
around the head to secure the ear in position . Using a simi¬ 
lar technique , pad and place the opposite pinna over the first 
pinna if indicated. Place a nonadherent contact layer 
an incision or gauze sponges over the end of a passive 
drain. Hold the pinna and contact layers in position with 2- 
fo 3-ihch cast podding or cotton roll , Encircle the head , pass¬ 
ing the rolls of ban doge materia/ cranio/ and caudal to the 
opposite ear unless both ears are immobilized. Starting 
der the chin f wrap loosely and overlap each wrap by ap¬ 
proximately one third the width of the roil. Cover this inter¬ 
mediate bandage layer with overlapping wraps of elastic 
gauze or a stockinette. To prevent slippage 
age in position with elastic tape attached to the skin and hair 

at the cranial and caudal edges of the bandage. During 
bandaging manipulate the ends of tube drains so that they 
can he cosily accessed for aspiration or infusion. If it will be 
necessary to medicate the ear, cut holes in the bandaging 
over the ex feme? I aco os tic m eatus . 

Bandaging the Extremities 

A so ft-padded extremity bandage is used to cover abrasions, 
lacerations, or incisions and can be modified to accommo¬ 
date splints tor joint or bone immobilization. Modifications 
of the basic padded bandage may be necessary to allow im¬ 
mobilization, prevent slippage, or protect digits. Immobi¬ 
lization is accomplished by placing a spoon splint, molded 
thermoplastic splint, fiberglass splint, or aluminum rods be- 


stockinette 


tween the intermediate and outer bandage layers. These ma¬ 
terials may sometimes replace the outer layer. It is important 
to ensure adequate padding at the ends of the splint material 
to prevent 

Begin by applying a 1 -inch porous tape stirrup to the dorsal 
and ventral or medial and lateraI surfaces of the paw (Fig . 
18-3, A). Extend stirrups 3 to 8 inches beyond the digits to 

help proven t the bandage from si ip pi n g di s tally. If n eces so ry t 
us e a loose layer of elas tic go uze to h elp secure the s tirrup s . 
Insert small pledgets of cotton or other absorbent material 
between the digits and the metatarsal-metacarpal pads and 
digital pads. Apply an appropriate contact layer over the 
wound (see p. J 45j. Snugly apply cast padding around the 
paw beginning at the level of the second and fifth digital 
pads. Wrap obliquely so that the third and fourth digits pro¬ 
trude slightly beyond the bandage (Fig. 18-3, Overlap 
the cast padding (2- to 3-inch width) one half to two thirds 
of its width as it is advanced up the leg. Continue the band¬ 
age to the proximal radius and ulna (tibia and fibula} 
above the elbow (stifie), depending on the s ite of the injury. 
Use enough padding to create the bulkiness necessary for 
protection. Snugly wrap elastic gauze (2- to 3-inch width) 
over the cast padding to conform the padding to the limb , 
overlapping each turn by one half the width of the material. 
Separate the tape stirrups and attach them to their respective 
sides of the bandage (Fig. 1 8-3 , C). Apply an outer layer of 
elastic tape (2- to 3-inch width), overlapping 
width with each turn (Fig. 18-3, D). Avoid overstretching the 
tape to avoid compromising limb circulation. Check exposed 
digits three and four frequently for swelling , coolness t and 
discomfort; remove the bandage and evaluate the limb if 
these signs are observed., 


irritation 


so 


or 


half the 


one 


over 


Slippage can be prevented by extending the bandage to 
encircle the shoulder and thorax (hip and caudal abdomen)> 
creating a spica-type bandage (Fig. 18-4). This bandage im¬ 
mobilizes the shoulder or hip in addition to the more distal 
joints and often incorporates splint material. The intermedi¬ 
ate and outer bandage layers crisscross cranial and caudal to 
the affected limb and caudal and cranial to the contralateral 
limb, as described on p. 150 for abdominal and thoracic 
bandages. The bandage is reinforced with splint rod, fiber¬ 
glass casting tape, or thermoplastic splint material if frac¬ 
tures are to be temporarily stabilized or if additional wound 
immobilization is desired. 

Temporary immobilization of injuries below the elbow or 
stifle can also be accomplished by applying a Robert Jones 
bandage or a modified Robert lones bandage. A Robert 
[ones bandage is a large, bulky bandage that provides stabi¬ 
lization by applying compression to a thick cotton layer (see 
p. 822), A modified or light Robert Jones bandage has much 
less cotton padding, making it less bulky. Modified Robert 
Jones bandages are used to reduce limb edema after surgery. 

Onychectomy, digit amputation, or pad reconstruction 
may benefit from a bandage to protect the digits and re¬ 
duce hemorrhage. In these cases stirrups should be applied 


un- 


the hand- 


secure 
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FIG 18-3 

A, For a leg bandage, apply a 1-inch porous tape stirrup to the dorsal and ventral 
medial and lateral surfaces of the paw. Insert an absorbent material between the digits and 
the metacarpal or metatarsal and digital pads, B, Apply cast padding or cotton aver an 
appropriate contact layer, overlapping wraps by one half to two thirds the width of the roll. 
Keep the third and fourth digits exposed. Conform the padding to the limb by applying 
elastic gauze, Apply a splint for greater immobilization between the padding on 
gauze (optional), C, Fold the tape stirrups over the gauze, D, Apply an outer layer of 2- to 
3-inch wide elastic tape, overlapping one 


or 


nc 


each turn. 




the cast padding with elastic gauze. Fold the tape stirrups to 
their respective sides. Cover the bandage with tape from the 


P 


i 




o r a n o n - 


t 


adherent contact layer. 


ternative , Tub ego uz or Finger BOB (B, Braun Veterinary 
Care , Bethlehem , Pennsylvania), a thin, elastic stockinettes 

may be used to cover the contact layer and cast padding. It 
is applied with or without a 'bale, 

Insert the foot in the bale covered with Tubegauz , grasp the 


and then ventral to dorsal over the end of the paw (Fig. 
18-5 , A). Extend the cast padding in a spiral pattern to the mid 
radius and ulna (tibia and fibula). Leave the proximal ends 
of the tape stirrup exposed to aid bandage removal. Cover 
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FIG 10-4 

For proximal extremity lesions, continue the bandage up the 
leg, oraund the chest or abdomen, and between the legs to 
create a spica-type bandage. 
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FIG 18-5 


Sfodcinefre proximolly, pull the bale to the end of the foot us¬ 
ing a slight rotating motion and twist 180 to 360 degrees. 
Push the bo/e up and pull it down the limb to add additional 
layers of stockinette. Cover the stockinette with tope , Increase 

tension by increasing the rotation of the bale along the long 
axis of the leg. Avoid applying the stockinette too tightly Re 
move /he bandage by incising the proximal aspect to expose 
/h e proximal ends of the tape stirrups. Pull the tabs of the stir 
rup down the leg to loosen and remove the bandage , 


A paw bandage is placed in a manner similar to a leg 
bandage except that the digits are covered. A, After placing 
stirrups and the contact layer, reflect cast padding over the 
digits from dorsal to ventral and then ventral to dorsal, Th 
wrap the padding around the distal limb. B, Conform the 
bandage to the limb with elastic gauze and secure the 
bandage with elastic tape in a similar fashion. 
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PRINCIPLES OF PLASTIC AND 
RECONSTRUCTIVE SURGERY 
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SKIN TENSION AND ELASTICITY 










Reconstructive surgery is commonly performed to close de 
fects that occur secondary to trauma, to correct or improve 
congenital abnormalities, or after removal of neoplasms. A 
variety of reconstructive procedures are available; it is impor¬ 
tant to select the appropriate technique or techniques to pre 
vent complications and avoid unnecessary cost. Although 





































































































154 PART III Soft Tissue Surgery 


mapped in animals, but variations occur depending on the 

breed, conformation, gender, and age (Fig 
causes incised skin edges to separate and widens linear scars 
(Fig. 18-7). Incisions should be made parallel to tension 
lines. Incisions and wounds along tension lines heal better, 
faster, and with more aesthetic results, whereas those made 
across tension lines gape widely. Incisions made at an angle 

to tension lines take a curvilinear shape 

tension 1 i nes require more sutures for closure and are 
likely to dehisce than those made parallel to tension 


the trunk, often heal by 


large lesions, particularly those on 
contraction and epithelialization (see pp. 135 and 136), wound 
closure may be preferred. Large or irregular defects some¬ 
times can be closed using relaxing incisions 

V-to-Y plasty, Z plasty). Large defects or those on 


. 18-6). Tension 


or “plasty” tech¬ 


niques (e. 

the extremities may require that tissue be mobilized from 
other sites. Pedicle flaps are tissues that are partly detached 
from the donor site and mobilized to cover a defect (see p, 
165); grafts involve the transfer of a segment of skin to a dis¬ 
tant (recipient) site (see p. 182), Careful planning and metic¬ 
ulous, atraumatic surgical technique are necessary to prevent 
excessive tension and kinking and circulatory compromise. 
The amount of skin available for transfer varies between sites 


a c ro ss 




mo re 

lines. Traumatic wounds should be closed in the direction 


that avoids or minimizes tension. Before closure the wound 
edges should be manipulated to determine which direction 
the suture line should run to have the least tension (Fig, 
18-8). If tension is minimal, a wound should be closed in the 
direction of its long axis. The direction of closure should 
avoid or minimize the creation of "dog ears;' or 
the ends of the suture line. 


the same animal and between breeds. Little 
mobilized in the extremities, whereas large defects over the 
trunk often can be closed by advancing adjacent tissue. The 
character of the recipient bed influences the choice of recon¬ 
structive technique. Properly developed and transferred local 
flaps can survive on avascular beds, whereas grafts and dis¬ 
tant flap transfers require vascular beds (i.e., healthy granula¬ 
tion tissue, muscle, periosteum, and paratenon). 

Hirudiniasis, or the attachment of leeches to skin, can help 
in reconstructive and microvascular surgery. Leeches are rec¬ 
ommended only for tissues with impaired venous circula¬ 
tion. The medicinal leech is Hirudo medicinalis. After a blood 
meal a leech can go for months without eating. Leeches pro¬ 
duce a small bleeding wound that mimics venous outflow. 
The leech eats an average of 5 ml of blood, but blood oozes 
from the wound tor 24 to 48 hours after the leech detaches 
because of anticoagulants and vasodilator substances intro¬ 
duced into the wound. There is a significant risk of Infection 
with Aeromonas hydrophilia when leeches are used. 


at 


Tension Relief 

Skin is 


undermined by using scissors to separate the skin or 
panmculus muscle (or both) from underlying tissue. Under¬ 
mining skin adjacent to a wound is the simplest tension re¬ 
lieving procedure. It releases skin from underlying attach¬ 
ments so that its full elastic potential can be used as it is 


TENSION LINES AND TENSION RELIEF 


The location of the wound, the elasticity of surrounding tis- 

the regional blood supply and the character of the 


Lateral 


sue, 

wound bed should be considered when planning recon¬ 
structive surgery Skin tension and elasticity are assessed by 
grasping and lifting the skin in the proposed flap or graft 

and allowing it to retract spontaneously Evaluating the 
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amount of tension that can be tolerated by tissues is a sub- 
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jeetive judgment. Apposing incision edges under too much 
tension causes incisional discomfort and pressure necrosis, 
resulting in sutures “cutting out” (see p. 158) and partial or 
complete incisional dehiscence. Methods of reducing ten¬ 
sion include undermining wound edges, selecting appropri¬ 
ate suture patterns, and using relief incisions, skin stretch¬ 
ing, and tissue expansion. In addition, the animal is always 
positioned for surgery such that mobile skin is not pinned 
against the table; this is accomplished by using pads and 
flexing the appropriate joints. If these methods do not allow 
primary apposition, wounds may be allowed to heal by sec¬ 
ond intention or may be reconstructed with flaps or grafts. 
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Dorsal 


Tension Lines 

Tension lines are formed by the predominant pull of fibrous 
tissue within the skin. General lines of tension have been 


FIO 1 8-6 

Approximate skin tension lines in dogs.. (Modified from Irwin 

DHG: J Small Anim Pract 7:595, 1966.) 
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Chapter J 8 Su rgery of the Jntegumentary System 


here skin is closely associated with an underlying muscle, a 
portion of the outer muscle fascia should be elevated with 
the dermis rather that dissecting between these structures. 
Avoid injury to the subdermal plexus by using atraumatic 
surgical technique, including cutting skin with 
scalpel blade instead of scissors and avoiding crushing in¬ 
struments (e,g 
forceps, skin hooks, or 
manipulate skin. Tissue layers are separated by repeatedly 


stretched over the wound. Skin should be undermined deep 
to the panniculus muscle layer to preserve the subdermal 
plexus and direct cutaneous vessels that run parallel to the 
skin surface (Fig, 18-9). Where there is no panniculus mus- 
de layer (middle and distal portion of the extremities), the 
skin should be undermined in the loose areolar fascia deep 
the dermis to preserve the subdermal plexus. Elevated 
skin should include a portion of the superficial fascia with 
the dermis to preserve the direct cutaneous arteries. In areas 
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Skin tension line 
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FIG 18-7 

Incisions mode across tension lines 
require more sutures for closure than incisions that para 
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Perpendicular (A) or oblique (B) incisions gape and 

el skin tension lines (C). 
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FIG 18-8 

Wound edges should be manipulated to determine the direction oF least tension and 

formation. A, Wound edges showing little tension and small dog ears, 

B, Wound edges showing greater tension and large dog ears. 
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PART II I Soft Tissue Surgery 


Cutaneous 
trunci muscle 


processes of mechanical creep and stress relaxation, when 
continuous tension is applied. During this process dermal col¬ 
lagen fibers are stretched, and tissue fluid is slowly displaced 
from around the collagen fibers that are straightening and 
compacting longitudinally in the direction of the stretching 
force. Skin can be prestretched hours to days before surgery to 
allow the skin to be closed with less tension at the time of the 
procedure. Presuturing, adjustable sutures, skin stretchers, 
and skin expanders are used in this technique ( Fig. 18-10). 
Presuturing is performed 24 hours before surgery to pre¬ 
stretch the skin. Lidocaine, sedation, or general anesthesia is 
administered before suture placement to relieve discomfort. 
Tension sutures (interrupted Lemberl or vertical mattress su¬ 
tures of 2-0 or 0 monofilament, nonabsorbable suture mate¬ 
rial) are placed to imbricate skin on apposing sides of the le¬ 
sion (see Fig. 18-3 0). Sutures are placed 3 to 5 cm from the 
proposed incision site. The sutures exert their effect primarily 
on healthy skin immediately adjacent to the proposed surgical 
site, and they are not adjustable. Presuturing is effective only 
in areas where elastic skin is limited (Le., extremities). An ad¬ 
justable horizontal suture can be used to stretch skin over a 
wound gradually (Swaim, 1997). This is a continuous intra- 
derm al suture (2-0 nylon, polypropylene, or polybutester) an¬ 
chored at one or both ends with a button secured on the skin 
surface with split shot fishing weight. On succeeding days 
traction on the suture advances the wound edges over the 
wound, and new weights are applied to maintain tension, 
These sutures are used primarily on limb wounds in which the 
wound edges cannot initially be apposed. 

The skin stretcher (X-Banders) is a non invasive device ca¬ 
pable of stretching skin both adjacent to and distant from the 
surgical site. More skin can be stretched or recruited using 
this technique than by presuturing or tissue expanders. Skin 
stretchers are most effective on the neck and trunk. Self- 
adherent skin pads with a thin coat of additional cyanoacry¬ 
late adhesive are applied to dipped, dean, dry skin adjacent 
to and distant from the surgical site, depending on the 
amount of stretching needed. Pads are placed 1 to 2 cm from 
the wound margin with their long axis perpendicular to the 
direction of skin tension. Elastic connecting cables are at¬ 
tached to pads on one side of the wound and stretched before 
they are attached to the pads on the opposite side of the 
wound. An additional row or tier of pads and cables can be 
placed more distant from the wound if further skin recruit¬ 
ment is required. The cables are adjusted every 6 to 8 hours 
to generate the optimum high-tension load to accelerate skin 
stretching or deformation. Sufficient skin may be recruited 
within 24 to 48 hours, although 96 hours may be required. 
Pad s a re p eeled fro m the skin or re m ove d w i th glu e so I ven t 
before surgery Little or no undermining generally is required 
after skin stretching. Skin stretchers are also used before re¬ 
moval of a mass or after surgery when incisions are dosed 
under excessive tension. Application of a skin stretcher helps 
alleviate tension and prevent dehiscence (see Fig. 18-10). 
Pads generally are removed 3 to 5 days after surgery. 

Tissue expanders are inflated in subcutaneous tissues to 
stretch the overlying skin, allowing creation of larger flaps 


I \ 


Cutaneous 

trunci muscle 


\ 


PIG 1 8-9 

Before wound closure, use scissors to undermine skin and 
subcutaneous tissue or skin and panniculus muscle and 
separate them from the underlying tissue. 


inserting Metzenbaum scissors with the blades closed, open¬ 
ing the blades, and then withdrawing the scissors in an open 
position. Tissue is snipped with the scissors as necessary. As 
an alternative, the partly opened scissors can be advanced 
along the cleavage plane without snipping. While undermin¬ 
ing, determine if tension relief is adequate by periodically at¬ 
tempting to approximate the skin edges. 

Bleeding usually is insignificant during undermining. Ex¬ 
cessive bleeding may be controlled with electrocoagulation 
or ligation; however, skin tension and bandaging usually 
control hemorrhage and prevent seromas. Undermining ar¬ 
eas with delayed wound closure requires that the epithelial- 
ized skin edge be separated from the granulation tissue. The 
skin should be excised with a scalpel blade at the junction of 
normal skin and new epithelium. The incision should be 
continued through the granulation tissue at the normal 
cleavage line of subcutaneous fascia, deep to the subdermal 
piexus. Wou nd closu re under excessive tension, rough su rgi - 
cal technique, and division of direct cutaneous arteries in¬ 
terfere with cutaneous circulation and may cause skin necro¬ 
sis, wound dehiscence, or infection. Surgical manipulation 
of recently traumatized skin should he minimized until cir¬ 
culation improves. Resolution of contusions, edema, and in¬ 
fection indicates improved skin circulation. 

Skin Stretching and Expansion 

Skin stretching and expansion is a technique used in recon¬ 
structive surgery that takes advantage of the skiffs ability to 
stretch beyond its natural or inherent elasticity, by the 
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Methods for recruiting skin to dose wounds under tension include using presuturing (A) 
skin stretchers (B), inflatable tissue expanders (C), and adjustable sutures (D). 


tar dosing defects. They are beneficial in overcoming tissue 
shottage and obtaining skin with desirable qualities. Tissue 
expanders cause a reduction in dermal thickness and a tem¬ 
porary increase in epidermal mitosis. Subcutaneous fat and 
muscle adjacent to the tissue expander atrophy, and neu- 
rapraxia may occur. Tissue expanders have an inflatable bag 
and reservoir made of silicone elastomer. Although expen¬ 
sive, they are available in various sizes and shapes (e.g,, In¬ 
travent Intraoperative Tissue Expanders, Radovan Tissue 
Expander). Careful planning is required for opt ini urn ex¬ 
pansion and reconstruction. The base of the expander 
should approximate the size of the donor site. The incision 
for insertion of the expander should be made parallel to ten¬ 
sion lines at the leading edge of the future flap, or skin adja¬ 


cent to the site will be inappropriately stretched. The device 
is placed subcutaneously and inflated with saline. Rapid ex¬ 
pansion requires intermittent intraoperative short-term in¬ 
flation of the expander. It involves inflating the expander for 
2 to 3 minutes, deflating and letting the tissue rest for 3 to 4 
minutes, and then repeating the cycle two or three times be¬ 
fore creating a flap. Gradual expansion involves injecting to 
a given pressure or volume at intervals spanning days to 
weeks (usually every 2 to 7 days), inflation at injection is 
continued until the skin feels tense or looks blanched or dis¬ 
comfort is perceived. When the tissue is sufficiently stretched 
to allow reconstruction, the device is removed and a skin flap 
is created to close the defect. Complications of tissue ex¬ 
panders include pain, seroma formation, scar widening, 
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PARI f 11 Soft Jiss\i e Surgery 


tures are placed on both sides of the defect to advance un¬ 
dermined skin toward the center. The number of walking su¬ 
tures should be minimized to avoid creating subcutaneous 
loculi or compromising circulation. Subdermal and skin su¬ 
tures are used to complete wound closure. 

Externa! Tension Relieving Sutures 

External tension relieving sutures help prevent sutures from 
cutting out, which occurs when pressure on skin within the 
suture loop exceeds the pressure that allows blood flow, 
Pressure is reduced by spreading it over a larger area of skin. 
Placing sutures farther from the skin edge or using mattress 
or cruciate sutures helps disperse pressure. Other suture 
patterns that help relieve tension include alternating wide 
and narrow bites using simple interrupted sutures or plac¬ 
ing far-near-near-far or far-far-near-near sutures. The stan¬ 
dard tension relieving suture is the vertical mattress suture. 
A tension relieving row of vertical mattress sutures should 
be placed 1 to 2 cm away from the primary row of sutures 
apposing the skin edges. The vertical mattress sutures f2-0 
to 0 polypropylene, polybutester, or nylon) are placed while 
the skin is approximated with towel clamps or skin hooks 
before apposition of the skin edges with approximating su 
tures (e.g., 3-0 or 2-0 polypropylene, polybutester, or ny¬ 
lon). Tension relieving vertical mattress sutures usually can 

be removed by the third day after surgery, when fibrin has 
stabilized the wound edges. Horizontal mattress sutures 
with or without rubber tubing stents may be used; however, 
they have a greater potential for impairing local cutaneous 
blood flow. 


infection, dehiscence, skin necrosis, and implant failure, and 
they should not be used in previously irradiated tissues. Ax¬ 
ial pattern Haps (see p. 169 ) are preferable to tissue expanders. 


SUTURE PATTERNS 

Su bd e rma I Sutures 




Sub dermal fascia is strong and tolerates tension better than 
subcutaneous tissue or skin. Sutures placed in sub dermal or 

subcuticular tissue reduce tension on skin sutures and bring 
skin edges into apposition. These sutures also reduce scar¬ 
ring. For subdermal and subcuticular sutures, 3-0 or 4-0 
polydioxanone, pollglecaprone 25, or polyglyconate suture 
with a buried knot is used. 


i 


Walking Sutures 

Walking sutures move skin across a defect, obliterate dead 
space, and distribute tension over the wound surface. Skin is 
advanced toward the center of the wound by placing rows of 
interrupted, subdermal sutures beginning at the depths of 
the wound. The suture (e.g., 2-0 or 3-0 polydioxanone 
poliglecaprone 25, or polyglyconate) should be placed 
through fascia of the body wall at a distance closer to the 
center of the wound than the bite through the subdermal 
fascia or deep dermis (Fig. 18-11). Walking sutures do not 
penetrate the skin surface. Tying the suture advances skin to¬ 
ward the wound center. Walking sutures are placed no closer 
than 2 to 3 cm apart. Successive rows of walking sutures 

further advance the skin toward the center of the wound. Su- 
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First suture bite 


PREVENTION OF "DOG EARS 


n 


Dog ears,' 1 or puckers, may be prevented or corrected at the 
end of a suture line by unequal suture spacing or by resect- 
ing a small ellipse or triangle of skin. Placing sutures dose 
together on the convex side of the defect and farther apart 
on the concave side of the wound may prevent dog ears (Fig. 
] 8-12, A). Dog ears may be corrected by outlining with an el¬ 
liptic incision, removing redundant skin, and apposing the 
skin edges in a linear or curvilinear fashion (Fig. 18-12, B), 
As an alternative, the dog ear may be incised in the center to 
form two triangles; one triangle should be excised and the 
other used to fill the resultant defect (Fig. 18-12, C and D\ 
or both triangles may be excised and the edges apposed, cre¬ 
ating a linear suture line (Fig, 18-12, E). Thin elastic skin is 
less prone to the formation of dog ears than thick skin. Many 
dog ears flatten without excision. 
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RELAXING INCISIONS 
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Relaxing incisions, or incisions made near a defect to allow 
apposition of skin edges, are beneficial in allowing skin clo¬ 
sure around fibrotic wounds or over i mportant structures or 
before radiation therapy after extensive tumor excision. 
They are rarely indicated except on the legs, or around the 
eye and anus, or to cover tendons, ligaments, nerves, vessels 
or implants. 


FIG 18-1 1 

Use walking sutures to advance skin toward the center of the 
wound. A, Place the suture through the fascia of the body 
wall at a distance closer to the center of the wound than the 
bite through the subdermal fascia or deep dermis. B, Note 
that the distance from a to b increases because of skin 
stretching when the suture is tied. 
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PART III Soft Tissue Surgery 


Simple Relaxing Incisions 

Relief incisions heal by contraction and epithelialization in 
25 to 30 days. Some relaxing incisions surrounded by loose 
elastic tissue can be closed primarily after the wound is 
approximated. 

Begin undermining of the edge of the defect at the point of 
maximum skin tension and continue until the edges con be 
appos ed un c/e r ten s ion . Close th e wo und an d moke a relax - 
ing incision at the point where undermining stopped o r where 
tension lines ore observed (Fig. 18-13, A). Begin the incision 
at the point of maxi mum skin tension and extend it os 
sory to relieve excess tension . If necessary, make the relief i 
cision before skin closure. Place a nonadherent pad 
relief incisions and suture line , followed by a padded band¬ 
age. Initially, change the bandage every 1 or 2 days. 

Multiple Punctate Relaxing Incisions 

Multiple punctate relaxing incisions are small, parallel, stag- 
gored incisions made in skin adjacent to a wound to allow 
closure with reduced tension (Fig. 18-13, F). 

Undermine skin around the wound and place a continuous 
subdermal suture pattern. Tighten the suture , staffing at 
end oi the incision and working toward the other end l tf the 
skin edges do not appose in an area, make a small incision 
approximately 1 cm long in adjacent skin on either side of 
the wound, approximately J cm from the wound . if excessive 
tension persists , make a second row of incisions 0.5 to 2 
lateral to the first row. Tighten the suture to appose the 
wound edges; continue the procedure along the length of the 
wound. Place skin sutures to 
then place 

daily during the early stages of healing and less often 
healing progresses. 


may be made adjacent to the wound to facilitate closure with 
less tension. The central limb of the Z is the wound or primary 
incision. The two arms of the Z are made the same length as 
the central limb (Fig. 18-13, G). The angles of the Z can vary 
between 30 and 90 degrees, but 60 degrees is advised. Larger 
angles give more length gain (45 degrees gives approximately 
a 50% increase; 60 degrees, approximately a 75% increase), 
Length is gained along the original central limb of the Z when 
the flaps of the Z are transposed (Fig, 18-13, H). A Z-shaped 
incision is made with the central arm of the Z parallel to the 
direction length is needed. The flaps are undermined before 
transposition and suturing (Fig. 18-13, T). 


neces- 


m- 


REMOVAL OF SKIN TUMORS 


Before a tumor is removed, skin tension and elasticity should 
be assessed, but excessive tumor manipulation should be 
avoided. The direction of skin tension lines, the shape of the 
excision, and the method of closure should be planned be¬ 
fore surgery. A large area should be clipped and aseptically 
prepared for surgery, especially if there is a chance skin flaps 
may be needed for closure. Excision of skin tumors should 
include the tumor, previous biopsy sites, and wide margins 
of normal tissue In three dimensions (i.e., length, width, 
depth). For benign tumors, remove the tumor and 1 cm of 
normal tissue; for malignant tumors a margin of more than 
2 to 3 cm may be necessary for complete local excision. In¬ 
duration of the periphery of the lesion resulting from a fi¬ 
broplastic host response may help identify the gross limits of 
the tumor. The margin width should be greater for aggres¬ 
sive, infiltrative tumors, such as mast 


cm 


tumors, 

melanomas, squamous cell carcinomas, soft tissue sarcomas, 

mammary adenocarcinomas, hemangiopericytomas, 
and infiltrating lipomas. Tumor invasion is affected by the 
type of surrounding tissue. Tissue easily infiltrated by tumor 
cells (i.e., fat, subcutaneous tissue, muscle, parenchyma) 
should be resected with the tumor. Cartilage, tendon, liga¬ 
ments, fascia, and other collagen-dense, vascular-poor tis¬ 
sues are resistant to neoplastic invasion and therefore often 
are spared during resection. Excision of inf It native or ag¬ 
gressive tumors should extend at least one fascial layer below 
the detectable tumor margins. Radical tumor excision (i.e., 
removal of an entire compartment or structure, amputation, 
or lobectomy) is indicated for poorly localized tumors or 
those with high-grade malignancy. 


oppose the original wound, 
a nonadherent bandage . Change the bandage 


as 


Tension relieving incisions heal by second intention. Mul¬ 
tiple punctate relaxing incisions are more cosmetic than sin¬ 
gle relaxing incisions but provide less relaxation and have a 
higher risk of causing significant circulatory compromise. 

\Mo-Y Plasty 

V-to-Y plasty is a type ol relaxing incision that provides an 
advancement flap to cover a wound. It is used to close 
chronic, inelastic wounds or wounds that would distort ad¬ 
jacent structures if closed under tension. Jt is commonly 
used in eyelid surgery. A V-shaped incision h made approx¬ 
imately 3 cm from the wound (Fig. 18-13, C). The original 
wound is dosed after undermining skin (Fig. 18-13, D). 
The V relief incision is closed in the shape of a Y. Closure 
is begun at the ends of the V until tension develops (Fig. 
18-13, £). The remainder of the relief incision is dosed as the 
stem of the Y (Fig. 18-13, F), 

Z Plasty 

Z plasty is a technique that lengthens or relaxes an incision. 
The Z may be incorporated into the wound, or 


Perform resections as atraumatically as possible to protect ad- 
jacent ti s sue and to prevent tumor seeding t Use o length to j 
width ratio of 4: J when making elliptical incisions around a 
tumor to minimize dog ear formation. When removing multi¬ 
ple masses from the same animal first remove lesions believed 
benign and change instruments and gloves (drapes if neces- 

removal of each mass to avoid spreading tumor 
cells from one site to another Ligate the blood supply 
as possible to prevent systemic spread of tumor cells or sub- 
stances (i.e., histamine f heparin j. Irrigate the wound bed cfer 
tumor i nc is ion . Biopsy regi one I lymph r? odes to stage the dh- 

Replace tumor-contaminated (or possibly contaminated } 1 


saryj 


as eany 


ease. 
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FIG 18-13 

Make relaxing incisions near the defect to allow skin appos 
skin, unilateral or bilateral simple relaxing incisions are ma? 


itEon. A, After undermining the 


S' 


or 


incisions 


V 


m 


B, 


icu ar 


prepiaang a 

made parallel to the wound. C through F, V-to-Y plasty prov 

the wound. G and H, A Z plasty can be made adjacent to or involving the wound to 

allow wound closure. 
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162 PART III 


Soft Tissue Surgery 


Triangular Defects 

Triangular lesions may be closed by shif ting local tissues 
taring flaps, A simple closure technique is to begin at each 
point of the triangle and suture toward the center of the deled 
to create a Y-shaped suture line (Fig. 18-15, A). A rotational 

semicircular or three-quarter circular flap of skin that 
is rotated about a pivot point into the defect (Fig. 18-15, B), 
Rotational flaps are used when skin is available 
side of the defect or when moving skin from one side of the 

res ul ts in disto rtio n o f adjacent stru ct ures (i 
eye or anus). Bilateral rotational flaps 
moveable skin is available, but it 

defect. Flaps should be sufficiently large 
to width ratio) to avoid tension on surrounding tissue. If ten¬ 
sion is noted, a backcut into the base of the flap may ease ten¬ 
sion and allow the flap to move by a combination of rotation 
and transposition (Fig. 18-15, C). Tension may also be relieved 
by removing a small triangle of skin (Biirows triangle) at the 
end of the semicircle opposite the defect. 


instruments, drapes, and gloves before wound closure, if ra¬ 
diation therapy is anticipated , mark resection margins within 
the wound using metallic staples to facilitate planning radia¬ 
tion therapy Mark tumor margins with sutures 


or ro- 


or dyes and 

submit all resected specimens for histologic evaluation. Place 
the sample in approximately JO parts formalin to 1 part tis¬ 
sue Adequate fixation with 1 0% neutral buffered formalin 
requires that specimens be less than 5 to 10 mm wide . /den- 
ft H cation of the tumor type is imperative in determining the 
approp riate pos to pern ti ve therapy and the prognosis. 


fl a p is a 


on 


v one 


near the 


e 


are used when little 


NOTE * Local tumors most often recur because the 
surgical margins for the original tumor were inade¬ 
quate; be sure to mark the tumor borders. 


is moveable on two sides of 


REMOVAL OF IRREGULAR 
SKIN DEFECTS 


Although it is advisable to remove skin lesions with an eilip 
tic skin incision to facilitate closure, some 


cause ir¬ 
regularly shaped defects because of their size or location. 
Skin elasticity and tension lines should be assessed before ex- 
cision and closure. 


Square and Rectangular Defects 

Square or rectangular defects may be dosed using cen¬ 
tripetal, unilateral, or bilateral advancement flaps or rota¬ 
tional flaps. Centripetal closure begins with suture closure 
at each corner of the defect and advances toward the center 


Circular Defects 


Circular excision of lesions saves the most normal skin 
pared with other excision patterns. Skin tension lines may 

ular defects. Circular 


suture line (Fig, 18-16, A). This technique 
should be used when skin is available on all four sides of the 
defect. A unilateral or 


an X 


to l 


com- 


convert defects of other shapes into circ 
defects are difficult to close because dog ears tend to develop. 

variety of techniques. The linear, 
combined V, and bow tie techniques are preferred. Conver¬ 
sion of a circular defect by a fusiform or elliptic excision 
with a 4:1 length to width ratio resects more skin than 
essary (156%). The linear technique may be used for small 
defects when skin edges can be apposed without the forma¬ 
tion of large dog ears. Sutures are placed parallel to the di¬ 
rection of skin tension lines, beginning at the center of the 
defect. The dog ears at each end of the suture line 
and the remaining defects apposed (Fig. 18-14, A). 

The combined V technique is used when skin apposition 
results in dog ears and limited skin is available for reconstruc¬ 
tion. This technique does not remove additional normal skin. 
Two equilateral triangles are designed on opposite sides of the 
circular defect with the central axis 45 degrees from the long 
axis (tension lines) of the defect. The sides of each triangle 
incised such that the vertex of the V points to 
axis of the defect. The skin flaps are rotated and sutured 
convert the circular defect into a smaller, 


single-pedicle advancement flap 
should be used to close defects with mobile skin on only 
one side and in the same plane as the defect. Parallel inci¬ 
sions are made from two corners of the defect at least 


They may be closed using a 


a* 


long as the width of the defect, and skin is undermined and 
advanced over the defect (Fig. 18-16 

ing incisions are made at the base of the flap. An H plasty or 
a double-pedicle advancement flap is used to close large de¬ 
tects that have mobile skin available on two sides of thede- 


B ). If necessary, relax- 


n e c - 


feet (Fig. 18-16, C), A rotational or transposition flap is 
used to cover defects that have mobile skin on only one side 
of the defect and available skin in a plane different from that 
of the defect (Fig. 18-16, D). These flaps become effectively 
shorter with increasing rotation. They should be longer 
than the size of the defect to 


are excised 


achieve adequate coverage 
without tension. The width of the base of the flap should at 
least equal the width of the defect. The diagonal from the 
pivot point of the flap to the farthest corner of the defect 
should be equal to the diagonal from the flap’s pivot point 

. A dog ear forms at the base of the flap op- 


are 


the longitudinal 


to 


a c ro ss 
positc the pivot point 


irregular fusiform 
defect. The edges ot the converted defect are apposed with ap¬ 
proximating sutures (Fig. 18-14, B), The bow tie technique is 
used when skin apposition results in large dog ears and abun¬ 
dant skin surrounds the defect. This technique removes 36% 
additional skin. Two equilateral triangles are removed from 
opposite sides of the circular defect, with the central axis of 
each triangle 30 degrees from the long axis of the skin tension 
lines. The flaps are transposed and sutured into their 
sitions to shorten the sides of the original circle and trans 
form the shape of the defect (Fig. 18-14, C). 


Fusiform Defects 

Fusiform, or elliptic, defects are closed by first placing a su¬ 
ture across the widest part of the defect. Continue to divide 
each remaining segment in half with subsequent sutures to 
achieve a linear closure without dog ears (Fig. 18-17). 

Crescentic Defects 

In crescentic defects one side is longer than the other. These 
defects are dosed beginning at the midpoint. Each remaining 


n e w p o - 















Linear closure 


FIG 18-14 

Closure of small circular defects. 
A, Use a linear closure if the skin 
edges can 
creating large 

a combined V technique when 
limited skin is available for 
reconstruction. C t Use a bow tie 
technique when abundant skin is 
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FIG 18-15 

Repair of triangular defects, 

A, Close the defect as a Y by 
beginning at each point and 
suturing toward the center, 

B, Create one or two rotational 
flaps of the defect edge. C, A 
backcut or excision of Burow's 

triangle may be needed to 
relieve tension at the base of 
the flop 


back 


cut 
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FIG 18-16 

Repair of square or redan 


ular defects. A, Close from the comers and advance to the 


an X suture line. Use a uni 
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to cover defects with mobile skin in a 


r 


or 


i 



















































































































Chapter 18 Surgery of the Integumentary Systern 


165 


A 


Skin 

tension 


FIG 18-17 

Close Fusiform defects (Ij by placing the first suture 
Continue to divide each segment of the defect in half with subsequent sutures [2 and 3), 


the widest part of the wound. 


Suggested reading 


Harari J: Surgical complications and wound healing in the small ani¬ 
mal practice, Philadelphia, 1993, WB Saunders, 

Pavletic MM: Atlas of small animal reconstructive surgery, ed 2, 
Philadelphia, 1999, WR Saunders, 

Swaim SF, Henderson RA: Small animal wound management, ed 2, 
Philadelphia, 1997, Williams & Wilkins, 

With dm i R| ct al: Creep versus stretch: a review of the viscoelastic 
properties of skin, Am; Plastic Surg 41;2I5, 1998. 




PEDICLE FLA PS 


Pedicle flaps are "tongues’' of epidermis and dermis that 
partly detached from donor sites and used lo cover defects. 
The base or pedicle of the flap contains the blood supply es¬ 
sential for flap survival. Pedicle flaps often allow immediate 
coverage of a wound bed and avoid the prolonged healing, 
excessive scarring, and contracture associated with second 
intention healing. They can be classified in various ways 
based on the location, blood supply, and tissue formation. A 
specific flap may be classified in more than one way. Most 
flaps are called subdermat plexus flaps; however, those with 
direct cutaneous vessels are called axial pattern flaps , Flaps 
that remain attached to the donor bed by only the direct cu¬ 
taneous vessels and subcutaneous tissues are island flaps. 
Flaps created adjacent to the defect in loose elastic skin are 
local flaps. Interpolation flaps are rectangular flaps that are 
rotated into a nearby rather than adjacent defect. Those cre¬ 
ated at a distance from the defect are distant flaps , which 
usually require multiple-stage reconstruction. Flaps that in¬ 
clude tissue other than skin and subcutaneous tissue are 
called compound or composite flaps and may include mus¬ 
cle (myocutaneous), cartilage, or bone. 

Increasing the width of a pedicle flap does not increase 
the surviving length of the flap. However, narrowing the base 
of the pedicle by backcut techniques increases the possibility 
of necrosis. The base of flaps should be slightly wider than 
the width of the flap body. Multiple small flaps may be 




FIG 18*18 

Close crescent defects by (Ij beginning at the midpoint and 


! each segment of the defect in half with subsequent 
(2 and 3). Space sutures closer on the convex tn 


sutures 

rHe concave aspect of the defect. 


an 


segment is divided in half with subsequent sutures, and su¬ 
tures on the convex are spaced side closer together than su¬ 
tures on the concave side. Dog ears are removed as needed 


[Fig, 18 - 18 ) 
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PART III Soft Tissue Surgery 


preferable to a large flap if circulation is questionable. De¬ 
laying flap transfer 18 to 21 days after initial creation may 
improve circulation and survival in ischemic flaps (delay 
phenomenon). Donor sites should have enough skin to per¬ 
mit primary closure and skin transfer to the recipient site. 
Donor sites with excessive motion and stress should be 
avoided. Reconstruction should be planned so that the color 
and direction of hair growth after transfer of flaps or grafts 
to the recipient site are similar to those of the donor site. 

Hyperbaric oxygen treatment may improve survival of 
the flap or graft. Hyperbaric oxygen treatment consists of 
breathing 100% oxygen in a chamber where pressure is 
maintained at greater than 1 atm absolute or greater than sea 
level pressure. Hyperbaric oxygen therapy hyperoxygenates 
hypoxic tissue, stimulates fibroblasts, and enhances tissue 
revascularization. 

Venous congestion in a flap may be suspected if the flap 
becomes dusky or bluish in color; if capillary return is 
quicker than normal; and if rapid or dark bleeding occurs in 
response to a needle prick. Venous congestion may lead to 
failure of the flap or graft. 


(Figs. 18-19 and 18-20). These skin fold flaps can be har¬ 
vested bilaterally to close large axillary and sternal or in¬ 
guinal wounds. The size and length of skin fold flaps vary 

with body conformation. Creation of these flaps begins by 
grasping the loose skin extending from the elbow to the 
body wall or flank to determine the amount of skin that can 
be harvested as a flap. Symmetric lateral and media] inci¬ 
sions are first outlined and then made. These incisions are 
connected with a crescentic incision made proximal to the 
elbow (stifle). The flap is elevated from the triceps or quadri¬ 
ceps, transposed, and sutured to the prepared wound bed. 
The donor site is apposed after flap transposition. The flank 
fold flap supplied by the lower branches of the ventral 
branch of the deep circumflex iliac artery can be considered 
an axial pattern flap. 


INTERPOLATION FLAPS 


A variation of the transposition flap, the interpolation flap 
differs in that it lacks a common border with the wound; this 
1 eave s an a rea o f i n te r p o sed skin bet we e n t he do n o r bed an d 
the recipient wound. The flap is created 
transposition flap except that the length of the interpolation 
flap must include the length of the intervening skin segment 
(see Fig. 18-16), The subcutaneous tissue on the segment of 
flap overlying the intervening skin is left exposed. After ap¬ 
proximately 14 days, this redundant segment of the flap is 
resected and the incised edges are sutured. As an alternative, 
a bridge incision can be made connecting the donor and re¬ 
cipient beds to facilitate flap transfer, which eliminates the 
need for a second surgical procedure. 


in 


h same way as a 

j 




ADVANCEMENT FLAPS 


Ad v a n cement fl ap s 
include single-pedicle, bi pedicle, H plasty, and V-Y advance¬ 
ment flaps (see Figs. 18-13, 18-15, and 18-16). Flaps are 
formed in adjacent, loose, elastic skin that can be slid over 
the defect. An advancement flap is developed parallel to lines 
of least tension to facilitate its forward stretch over a wound. 
It does not bring additional loose skin to the wound. Ad¬ 
vancement flap stretching is opposed by retractive forces 
that may lead to dehiscence. 


local subderrnal plexus flaps. They 




POUCH AND HINGE FLAPS 


Pouch flaps (hipedicle flaps) and hinge flaps (single-pedicle 
flaps) are direct, distant flaps useful for reconstructing lower 
extremity skin defects, although axial pattern or mesh grafts 
are more commonly used. Reconstruction using the pouch 
or hinge flap requires three stages: (i) debridement and 
granulation, (2) flap creation and healing, and (3) flap re¬ 
lease. After a healthy bed of granulation tissue has formed, 
the skin on the limb and ipsilateral thoracoabdominal area is 
prepared for aseptic surgery. The limb is positioned along 
the animals side, and two parallel dorsoventral incisions are 
made at locations that allow complete coverage of the defer! 


ROTATIONAL FLAPS 


Rotational flaps are local flaps that are pivoted over a defect 
with which they share a common border. They are semicir¬ 
cular and may be paired or single. They may be used to close 
triangular defects without creating a secondary defect. A 
curved incision is created, and the skin is undermined in a 
stepwise fashion until it covers the defect without tension 
(see Fig. 18-15). 


TRANSPOSITION FLAPS 


Transposition flaps are rectangular, local flaps that bring 
additional skin when rotated into defects. A Z plasty is 
a modified transposition flap (see Fig, 18-13, G and H). 
Ninety-degree transposition flaps are aligned parallel to the 
lines of greatest tension to obtain the bulk of the flap 
quired to cover the defect. The donor site is easily dosed, be¬ 
cause minimal tension lines are perpendicular to the suture 
line. The width of the flap equals the width of the defect ( 
Fig. 18-16, D), The length of the flap is determined by meas¬ 
uring from the pivot point of the flap to the most distant 
point of the defect; the length decreases as the arc of rotation 
increases past 90 degrees because of kinking and skin fold¬ 
ing, Dog ears occur but flatten with time. Other useful trans¬ 
position flaps include the forelimb fold and flank fold flaps 


(Fig. 18-21, A). Create a flap 1 to 2 cm wider than the defect 


to accommodate elastic contraction and stretching of the 

absent, only a single cranial incision is 
necessary. The flap is undermined beneath the cutaneous 
trunci muscle, and the foot is placed within the pouch. Skin 
at the wound edges is apposed with the edges of the flap us¬ 
ing interrupted approximating sutures (e.g., 3-0 or 4-0 
polypropylene, polybutester, or nylon). Three to four inter 
rupted sutures are placed through the skin of the flap into 
the granulation tissue to immobilize the flap over the defect, 
Two or three retaining or tension relieving sutures placed 
through the skin adjacent to the flap on the limb and body 
wall help prevent the limb from shitting vent rally and plac¬ 
ing tension on the flap. 1'he limb is bandaged against the 


flap. If pad tissue is 


re- 


\ 








FIG 18-19 


forelimb skin 


fold 


The 


is harvested to dose 


axillary or sternal wounds. A, Grasp loose 
skin from the elbow to the body 
determine the amount of skin that can be 


wall to 


harvested. B and C, Create lateral and 




medial skin incisions to define the width of 


the flap, then connect these incisions with a 
crescent-shaped incision proximal to the 
elbow. Elevate, transpose, and suture the 
flap into the wound, then close the donor 
site. D, Create bilateral flaps to dose larger 
wounds. 


FIG 18-20 

The flank skin fold is harvested to close inguinal wounds. A, Grasp loose skin from the 
flank to determine the amount of skin that can be harvested. B> Create lateral and media 
skin incisions to define the width of the flap, then connect these incisions with a crescent- 
shaped incision proximal to the stifle. C, Create bilateral flaps to dose larger wounds. 
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FIG 18-21 , , 

Pouch Flop, A, Make two parallel dorsoventral incisions and undermine skin to create a 

pouch. Position the limb inside the pouch and suture the edges of the defect to the flap. 
B, After 2 to 3 weeks, release the limb and cover the remainder of the defect. Make two 
horizontal incisions to free the flap, then suture it to the remaining edges of the defect. 

C t Close the donor site. 


with each division* The donor site is lavaged and closed 

with interrupted approximating sutures (e,g 
polypropylene or nylon) (Fig, 18-21, C), Although this tech- 

nique is successful in covering 

some animals may not 
against the body wall, and temporary joint stiffness and 

muscle atrophy also occur* 


body for 14 days, and the bandage is changed every 3 to 4 
days. As an alternative, an access 
flap, allowing evaluation and wound 
of the entire bandage, A patch bandage is placed over the ac- 

window between treatments. The limb is released from 

two horizontal incisions (dorsal and 


3-0 to 4-0 


window can be cut over the 


»i 


care without removal 


distal extremity skin detects. 


tolerate the limb being positioned 


cess 

the pouch by making 
ventral) an appropriate distance from the paw to allow cov¬ 
erage of the palmar aspect of the defect (Fig, 18-21, ft)* De¬ 
layed release of the flap by dividing the pedicles in stages en¬ 
courages flap survival. Half ol the lower pedicle is incised, 
followed by release of the remaining half in 2 to 3 days. Two 
days later, delayed division of the upper pedicle is begun in a 
similar fashion* The medial aspect of the paw is lavaged to 

exudate and is debrided if necessary. Freed flap edges 
; trimmed and sutured to the opposing wound border 




TUBED PEDICLE FLAPS 


multistaged procedure to 1 walk" 


A tubed pedicle flap uses 
an indirect, distant flap to a recipient site* The tube is made 
wider and longer (2 to 3 cm) than the recipient bed because 
these tubes contract as a result of decreased elasticity and 
fibrosis before transfer* The tube is created by making 
tw r o parallel incisions through the skin i 
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remaining skin can be reapposed without excess tension (Fig. 
18-22, A), Skin is undermined between the two incisions* The 
incised edges of the flap are sutured together with approxi¬ 
mating sutures (e.g., 3-0 or 4-t) polypropylene or nylon), cre¬ 
ating a tube attached at both ends. The edges ot the donor site 
are apposed with approximating sutures (e.g., 3-0 or 4-0 ny¬ 
lon or polypropylene). After 18 to 21 days, one end ot the 
tube is transected and transposed to the recipient bed. Tran¬ 
section can also be done in stages; half of the tube is incised 
and resutured in place, then 2 days later the remainder of the 
Lube is transected and then transposed. As an alternative, the 
end of the tube nearer the donor site may be transposed, 
and after an additional 18 to 21 days, the other end of the 
tube may be transected and transposed over the defect (Fig. 
18-22, B). The tube is incised and unrolled as needed to cover 
the defect, and the edges of the tube are sutured to the edges 
of the defect (Fig. 18-22, C)* Skin edges at ihc tubes origin are 
apposed* The remaining end of the tube is transected after 
18 to 21 days to complete coverage of the defect if necessary. 
The disadvantage of this technique is the number of stages 
and the time required to accomplish wound closure. 


i r I r r 1 


AXIAL PATTERN FLAPS 


Axial pattern flaps are pedicle flaps that include a direct cu¬ 
taneous artery and vein at the base of the flap. The terminal 
branches of these vessels supply the subdermal plexus. They 
have better perfusion than pedicle flaps with a circulation 
from the subdermal plexus alone* Axial pattern flaps are ele¬ 
vated and transferred ro cutaneous defects within their ra¬ 
dius. They usually are rectangular or L-shaped flaps. Axial 
pattern flaps have been described using the caudal auricular 
artery branches, the superficial temporal artery, the omocer- 
vical artery, the thoracodorsal artery, the superficial brachial 
artery, the cranial superficial epigastric and caudal superfi¬ 
cial epigastric arteries, the deep circumflex iliac artery, the 
genicular artery, and the lateral caudal arteries as direct cu¬ 
taneous arteries in dogs (Fig, 18-23). Although similar flaps 
can be created in cats, only the thoracodorsal, caudal super¬ 
ficial epigastric, caudal auricular, and superficial temporal 
artery axial pattern flaps and reverse saphenous conduit 
flaps have been evaluated. Axial pattern flaps require careful 
planning, measuring, and mapping on the skin surface to 
minimize errors* Positioning is important to ensure that the 
skin and underlying landmarks are in normal anatomic 
position. The limbs are placed in relaxed extension, and 
the thoracoabdominal skin is grasped, lifted, and allowed lo 
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FIG 18-22 

Tubed pedicle flap. A, Make two parallel incisions in mobile 
skin. Create a tube by suturing the edges together and 
oppose the donor site. Note: The lube may need to be 
created more proximo I lv on the limb than illustrated to have 
sufficiently mobile skin lo close the donor site defect. 

B, Approximately 3 weeks later, advance the tube toward 
defect by severing one end of the tube and suturing it 
the defect. C, After another 3 weeks, sever the other 
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nearer 

end of the tube and use it to cover the defect or advance it 
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closer to the defect. 
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FIG 19-23 


Direct cutaneous vessels used in axial pattern flaps. ?, Caudal auricular; 2, omocervical; 
3, thoracodorsal; 4 t caudal superficial epigastric; 5, medial genicular; 6 , deep circumflex 
iliac; 7, superficial lateral caudal (inset); 8 t superficial brachial (inset); 9 f superficial 
temporal. Dashed lines outline anticipated flaps corresponding with each direct cutaneous 
vessel (neither a cranial superficial epigastric flap 
shown). 


reverse saphenous conduit flop are 


Caudal Auricular Axial Pattern Flap 

The sternocleidomastoideus branches of the caudal auric¬ 
ular artery and vein may be used to reconstruct ipsilateral 
or contralateral defects involving the head and neck. The 

sternocleidomastoideus branches are located between the 
lateral aspect of the wing of the atlas and the vertical ear 
canal and arc directed cau do dor sally. The caudal auricular 
artery is located approximately 1 cm caudal to the base of 
the scutiform cartilage of the pinna fa palpable depression 
at the midpoint between the base of the ear and 
the atlas). Position the forelimb in relaxed extension so that 
the scapula is perpendicular to the trunk. Outline the flap 
with the base centered over the lateral aspect of the wing of 
the atlas (see fig, 18-23). Draw a caudal incision line par¬ 
allel to the base at a point rostral to the scapular spine 
which will provide a flap long enough to cover the defect. 


retract spontaneously to normal position before the flaps are 
outlined. Axial pattern flaps can be modified to create island 
arterial flaps by severing the cutaneous pedicle but preserv¬ 
ing the direct cutaneous artery and vein. Island flaps have 
the potential for use as a free flap for transfer and micro vas¬ 
cular anastomosis. 

Axial pattern flaps are used most commonly to facilitate 
wound closure after tumor resection or trauma. The sur¬ 
vival rate for axial pattern flaps is approximately twice that 

for subdermal plexus flaps of comparable size. Axial pat¬ 
tern flaps also provide durable, full thickness skin that 
be transposed primarily without the need for a vascular 
bed or postoperative immobilization. Complications in¬ 
clude wound drainage, partial dehiscence, distal flap necro¬ 
sis, infections, and seroma formation. The cosmetic results 
are good. 


the wing of 
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Then draw dorsal and ventral lines that connect the base 
and the caudal incision line at a width that allows closure 


sphincter coli superficial is muscle. Transpose the flap. Elimi¬ 
nate dead space with Penrose or closed suction drains and 
close the defects. 




oi the donor site. In cats, the dorsal border is nearer the 




dorsal midline. The width of the flap approximates that of 
the central third of the lateral aspect of the cervical 
todse the dorsal, ventral, and caudal lines and elevate the 
[lap deep to the platysma (sphincter coli superfidalis) 
de until the sternocleidomastoideus branches of the caudal 
auricular artery are identified. Rotate the flap into the de¬ 
fect, place drains, and appose skin edges. If there is inter¬ 
posing skin between the donor and recipient sites, make 
bridge incision to connect the sites or partly tube the flap 
to span the interposing skin. 




Thoracodorsal Axial Pattern Flap 

Thoracodorsal axial pattern flaps are preferred to omocervi- 
cal flaps because they are more robust. They are used to 
cover defects involving the shoulder, forelimb, elbow, axilla, 
and thorax (Fig. 18-24). In cats, the thoracodorsal flap 
tends to the carpus. In dogs, distal limb coverage depends 
the body conformation and limb length. T he flap is based 
a cutaneous branch of the thoracodorsal artery and 


a rea. 


mus- 




on 


a 


on 


associ¬ 
ated vein located at the caudal shoulder depression at a level 

parallel to the dorsal border of the acromion. 


Superficial Temporal Artery Axial 
Pattern Flap 

A cutaneous branch of the superficial temporal artery allows 
formation of an axial pattern flap that 
defects involving the lace and head, especially the maxillofa¬ 
cial area. The superficial temporal artery lies in a subcuta¬ 
neous position at the base of the zygomatic arch and extends 
rostrally along the zygomatic arch. 


Position the patient in lateral recumbency with the forelimb 
in relaxed extension perpendicular to the trunk , Outh 
the flap by drawing a line over 

the cranial incision (see Pig . 18-231 Draw the caudal i 
cision line 


used to cover 


the scapular spine to mark 


i/a 


J 1 


in¬ 


parallel to the scapular spine at a site approxi¬ 
mate// twice the distance from the acromion to the caudal 
shoulder depression. Extend the lin 
along the dorsal midline. Create 
coverage by extending the dorsal incision line by about 
50% and creating a parallel incision line beginning at the 
approximate midpoint of the caudal incision line. incise 
the outlined flap and undermine deep to the cutaneous 
trunci muscle , Transpose the flap. Create a tube or make a 

bridge incision as 

note dead space with Penrose or closed suction drams and 
close the defects. 


to and continue 


es 


L flap for extended 


an 


Position the animal in ventral recumbency. Mark the base of 
rf?e flap coudally at the caudal aspect of the zygomatic arch 
and rostrally at the lateral orbital rim. Outline the flap by 
making two parallel lines; extend one line from each of these 
points dor sally and laterally to the middle of the dorsal 
fatal rim of the contralateral 




or- 


Umit the width of the 


needed for distant transposition. Eli mi- 


eye, 

ears. Connect the parallel lines (see 
Fig. 18-23), Incise the outlined flap and e/e vote it with 

sale overlying the tempo¬ 
ralis muscle. Transpose the flap. Eliminate dead space with 
Penrose or closed suction drains and close the defects. 


flap to the orbits and 


frontalis muscle, which i 


a thin 


is 


mu 


NOTE * Flaps extended ventral to the contralateral 

scapulohumeral joint usually survive. Development 
of long thoracodorsal axial pattern flaps may re¬ 
quire division of the opposite cutaneous branches of 
the thoracodorsal artery and vein. 


Omocervical Axial Pattern Flap 


Omocervical axial pattern flaps are used for defects involv 
ing the face, head, 


shoulder, neck, and axilla. They in 
corporate the superficial cervical branch of the omocervical 
artery and associated vein. Vessels originate adjacent to the 
prescapukr lymph node at a site corresponding to the cra¬ 
nial shoulder depression and course 
the scapula. 


in- 


1 


Superficial Brachial Axial Pattern Flap 

Superficial brachial axial pattern flaps 


just cranial to 


to cover 

foots involving the antebrachium and elbow. These flaps de 
pend on a small branch of the brachial artery located 3 
proximal to the elbow (superficial brachial artery). 


d 


cm 


Position the patient in lateral recumbency with the forelimb 
in relaxed extension perpendicular to the trunk . Draw a line 
over the sccfpu/ar spine to identify the caudal incision. Draw 
the cranial incision line parallel to the scapular spine at a site 
equal to Are distance between the scapular spine and the 
cranio! shoulder depression at the cranial edge of the 
scapula. Extend the lines to and continue along the dorsal 
m Are. Extend the flap to the 
joint if necessary As 
sign incorporating the skin over the dorsal aspect of the op¬ 
posite scapula. Large omocervical tlaps may require ligation 
of the opposite omocervical direct cutaneous artery and 
vein. Incise the outlined flap and undermine deep to th 


e 


e 


Position the patient 


dorsal recumbency with the leg 
pended in an elevoted position . Outline the flap by drawing 
parallel to the humeral shaft two lines that extend dorsally 

and gradually converge at 

Center the base of the flap over the anterior third of the 
flexor surface of the elbow Elevate the flap to the base , be¬ 
ing especially careful to preserve the subdermal pi 
perficiol brachial vessels, and cephalic vein . Rotate the flap 
into the defect , place drains, and appose skin edges. Flap 
length and survival preclude 
in the carpal area , 
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below the greater tubercle. 
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Cranial Superficial Epigastric Axial 
Pattern Flap 

The cranial superficial epigastric flap is smaller and less 
satile than the caudal superficial epigastric axial pattern flap; 
however, it can be quite useful for closure of large skin de¬ 
fects overlying the sternum. The flap is kept small because 
these vessels are short, and some flap necrosis is expected 
The flap may include mammary glands three, four, and pos¬ 
sibly five. In males, the flap ends cranial to the prepuce. Al¬ 
though there is some variability, the cranial superficial artery 
penetrates the medial aspect of the rectus abdominis muscle 
at the junction between the second and third mammary 
glands. Cranial and caudal superficial epigastric artery anas¬ 
tomoses occur between or near the third and fourth mam¬ 
mary glands. The positioning and creation of the flap are 
similar to those for the caudal superficial epigastric flap. The 
base of the flap is located in the hypogastric region, where 
the cranial epigastric vessel enters the skin lateral to the ab¬ 
dominal midline, and a few centimeters caudal to the carti¬ 
laginous border of the ventral thorax (xiphoid process). 


ver- 


Outhne the flap with the ventral midline os the location of ™ I 
medial incision , Mark a parallel lateral incision at a efetoneM 
equal to the distance from the mammary feats to the midline. 
Determine the number of mammary glands to include in Im 
flap based on the size o f the de feet. Crea te the flap by con- 
necting the two parallel lines between the fourth and fifth j 
glands or caudal to the fifth gland with a crescenhsbapedrn' 
cision . Undermine the flap at the level of the external ofe] 
domino! oblique aponeurosis, deep to the supramammam ' 
muscle. Ligate branches of the caudal superficial epigastric 
artery as n ecess ary Transpo se the flap , p lace drains f and I 
appose shin edges.. Create an island flap by making o 
crescent-shaped incision between the second and third I 
mammary glands. Use caution during dissection and manifri 
ulation to prevent trauma , kinking, or stretching of the era- 1 

nial superficial epigastric vessels . 


rlG 1 8*24 

A thoracodorsal axial pattern flap has been tubed and 
applied over an elbow wound. 


Caudal Superficial Epigastric Axial 
Pattern Flap 

The caudal superficial epigastric axial pattern flap is a versa¬ 
tile flap that is used to cover defects involving the caudal ab¬ 
domen, flank, prepuce, perineum, thigh, and hind leg. In 
cats, the flap extends over the metatarsal area. In dogs with 
long bodies and short limbs, it may extend to or below the 
level of the tibiotarsal joint. The flap includes the three to 
four caudal mammary glands and is supplied by the caudal 
superficial epigastric artery and associated vein that pass 
through the inguinal ring. 


NOTE * Concurrent ovariohysterectomy is recom¬ 
mended, because transposed glands 
tronal. Later mammae may be resected if their ap¬ 
pearance is objectionable. 


Position the patient in dors a/ recumbency. Outline the flap 
with the ventral midline as the location of the medial incision. 


remain 


In male dogs > incorporate the base of the prepuce. Mark 


parallel lateral incision at a distance equal to the distance 
from the mammary teats to the midline. Determine the 
her of mammary glands to include in the flap based 
size of the defect. Create the flap by connecting the two 
a I lei lines between the first and second or second and third 
glands with a crescent-shaped incision. Undermine the flap 
at the level of the external abdominal oblique aponeurosis , 
deep to the supramammarius muscle. Make the flap wider 
needed to cover the defect if abundant loose, elastic skin is 
available for closure. Transpose the flap, place drains , and 
appose skin edges , 


Deep Circumflex Iliac Axial Pattern Flap 

The dorsal branch of the deep circumflex iliac vessel is u&d 
in flaps to cover defects involving the caudal thorax, lateral 
abdominal wall, ipsilateral flank, lateral lumbar area, medial 
or lateral thigh, greater trochanter, and pelvic area. The dot- 

ventral branches of the deep circumflex iliac alter)' 
originate at a point cranio ventral to the wing of the ilium. 

Position the patient in lateral recumbency with the hindlinb in I 
relaxed extension perpendicular to the body. Outline the flop fy j 
first drawing a line midway between the cranial border of M 
wing of the ilium and the greater trochanter For the cro/ib'J 
masion draw a second line parallel b the first line and equal ro I 


on 


par¬ 




as 


Concurrent ovariohysterectomy is recommended, be¬ 
cause transposed glands remain functional. Later mammae 
may be resected if their appearance is objectionable. 
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/he distance from the iliac border to the caudal line. Extend the 
lines to the dorsal midline and create an L extension, if needed, 

to cover the defect (see Fig , 18-23). Incise the outlined flap . El¬ 
evate the flop below the level of the cutaneous trunci muscle. 
Transpose the flap , place drains f and appose skin edges. 


dial saphenous vein. Make the transverse incision as marked 
to expose the saphenous vessels and nerve. Ligate and tran¬ 
sect the saphenous artery and medial saphenous vein at 
their junction with the femoral artery and vetn. Extend the in¬ 
cisions distally as marked in a slightly converging fashion. 
Undermine deep to the saphenous vessels by elevating a 
portion of the medial gastrocnemius muscle fascia with the 
flap , Ligate onel divide the peroneal (fibular) artery and vein. 
Do not elevate the flap beyond the anastomosis between the 
cranial branch o f the medial saphenous vein and the cranial 
branch of the lateral saphenous vein. Rotate or partly tube 
the pedicle transfer to the defect. As an alternative , make a 
bridge incision between the donor site and the wound . Place 
drains and appose the defects. 

Lateral Caudal Axial Pattern Flap 

The lateral caudal arteries of the tail may he used to recon¬ 
struct areas involving perineum and caudodorsal trunk de¬ 
fects. The largest source of skin is from the proximal third of 
the tail. The tail skin may also be used as a tube flap to cover 
defects on the hind leg. The lateral caudal vessels are bilateral 
and are located in the subcutaneous tissue of the tail. ! he 
lateral caudal arteries arise from the caudal gluteal arteries 
and have several anastomotic branches with the median cau¬ 
dal artery. Use of this flap requires tail amputation. 

Make a dorsal m id line incision along the length of the tail to 

cover dorsocaudal defects (see Fig ; 18-23) Make a ventral 

midline skin incision to cover defects on the hind leg. Dissect 
the subcutaneous tissues from the deep caudal fascia , pre¬ 
serving the right and left lateral caudal arteries and veins. 
Amputate the tail at the third or fourth caudal intervertebral 
space (see p 200). Transpose the skin flap over the defect 
place drains , and appose skin edges. 


The ventral branch of the deep circumflex iliac artery is 
used in flaps to cover defects of the lateral abdominal wall 
and as an island flap for pelvic and sacral defects. 

Make the reference lines as for the previous flap. Draw the 
caudal incision tine extending distally crania! to the border of 
the femoral shaft. Extend the cranial incision line down the 
Hank and thigh region parallel to the caudal flap border. Con¬ 
ned th e two lines above the pa tel la. Elevate the Hap below th e 
level of the cutaneous trunci muscle, incise the outlined flap. 
Transpose the flap , place drains, and oppose skin edges. 


The Hank fold flap is a variation of the ventral deep cir¬ 
cumflex iliac axial pal tern flap (see p. 166) developed for 
transposition into inguinal detects. 

Genicular Axial Pattern Flap 

Genicular axial pattern flaps are used to cover defects in¬ 
volving the lateral and medial tibia and potentially the tibio- 
tarsal joint. These flaps are dependent on the short genicular 
branch of the saphenous artery and medial saphenous vein. 


Position /he patient in lateral recumbency Mark a point 1 
proximal to the patella and 1.5 cm distal to the tibiol 

tuberosity (see Fig. 18-23). Extend these two points dorsally 
parallel to the femoral shaft, ending at the base of the 
greater trochanter. Connect the parallel lines dorsally. Incise 
/fie outlined flap. Elevate the flap and rotate it to cover the 
defect. Place drains and oppose skin edges. Although circu¬ 
lation usually is sufficient, this is not a robust flap. 

Reverse Saphenous Conduit Flap 

Reverse saphenous conduit flaps are used for defects at or 
below the tarsus. They are created by ligating and dividing 
ibe vascular connection between the femoral artery and vein 

i 

and the saphenous artery and medial saphenous 
verse blood flow occurs because of anastomoses between the 
cranial branch of the saphenous artery and the perforating 
metatarsal artery (via medial and lateral plantar arteries), 
the cranial branch of the lateral saphenous vein, and other 
venous connections with the cranial and caudal branches of 
the medial saphenous veins distal to the tibiotarsal joint. 

Preoperative angiography ensures the presence and function 

at the saphenous artery, medial saphenous vein, and femoral 
arterv and vein. 

I 


cm 
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Position /he patient in lateral recumbency with the affected 
limb down. Roughly outline the flap by marking a line across 

/tie cen/ro/ third of the inner thigh at or slightly above the 
level of tiie patella Make parallel lines 0.5 to 1 
and caudal to the branches of the saphenous artery and 


cron ial 
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COMPOSITE FLAPS 


from thoracolumbar fascia of the thoracic and lumbar spin¬ 
ous processes and from muscular attachments to the last two 
or three ribs. The aponeurosis of the latissimus dorsi inserts 
on the major teres tuberosity of the humerus. The muscle 
flexes the shoulder, drawing the limb caudally. The ventral 
portion of the muscle is supplied by branches of the thom^ 
codorsai artery (dorsal and lateral thoracic arteries), which 
penetrate the muscle and supply the cutaneous trunci mus¬ 
cle and skin. Intercostal arteries supply segmental branches 
to the dorsal portion of the latissinius dors! muscle and 
overlying cutaneous trunci muscle. Latissinius dorsi myocu- 
taneous flaps are bulky because they contain the cutaneous 
trunci muscle and skin, subcutaneous fat, and latissinius 
dorsi muscle. They are best suited for thoracic defects, al¬ 
though they may be used for forelimb defects. Anatomic 
landmarks are the ventral border ot the acromion, adjacent 

dr 

caudal border of the triceps muscle, head of the last rib, and 
distal third of the humerus that corresponds to the axillary 
skin fold (Fig. 18-25). 

With the patient in lateral recumbency and the forelimb 

in relaxed extension perpendicular to the trunk, plan and 
outline the flap with a marking pen. 


Flaps composed of skin with muscle, bone, or cartilage are 
composite flaps. The pinna has been used as a composite flap 
to cover maxillofacial defects (Swainson el al„ 1998). Nu¬ 
merous myocutaneous flaps, w ith or without attached bone 
segments, have been used to facilitate reconstructive surgery. 


MYOCUTANEOUS AND MUSCLE FLAPS 


Muscle flaps with overlying skin (myocutaneous flaps) or 
without skin (muscle flaps) may be created to facilitate 
herniorrhaphy, to cover soft tissue defects, to contribute cir¬ 
culation to fractures, and to combat infection. They should 
be used only when reconstruction with local flaps (see p. 
165), axial pattern flaps (see p. 169), or free grafts (see p. 182) 
is not feasible. These flaps must be sufficiently large to cover 
the defect and have an easily accessible and constant domi- 

t 

nant vascular supply. Donor sites should be easily closed. 
Muscles in dogs and cats that may be sacrificed without loss 
of function include the cutaneous trunci, gracilis, trapezius, 
sternohyoideus, sternothyroideus, deep pectoral, anconeus, 
ulnaris lateralis, ulnar head of the flexor carpi ulnaris, sarto - 
rius, semitendinosus, rectus femoris, cranial tibial, long dig¬ 
ital extensor, and portions of the latissinius dorsi. 


Draw o line from the caudal border of the triceps muscle to 
the vertebroI attachment of the last ri 6, Draw a paratlel line 

caudodorsally from the axillary skin fold and connect them 

to outline the flop (see Fig , 18-25). Incise skin and extend /he 
incision through the underlying latissimus dorsi muscle. The 
muscle flop equals the size of the skin flop. Elevate the laiis* 
simus dorsi and skin as o unit , Isolate , ligate , and divide rfie 
lateral intercostal vessels deep to the latissimus muscle . iden¬ 
tify and preserve the thoracodorsal artery and vein. Tram- 
pose the flap to the desired location without occluding fhe 
thoracodorsal vessels. If necessary , make a bridge incision 
or partial tubing of the flap for transposition. Place Penrose' 
or closed suction drains at the donor site and beneath ths 
flap at the recipient site . Secure the flap in position and dose 
the donor site . I 


MYOCUTANEOUS FLAPS 


Myocutaneous flaps described in the veterinary literature in¬ 
clude latissimus dorsi, cutaneous trunci, gracilis, and trapez¬ 
ius muscles. These muscles are superficial, allowing easy ac¬ 
cess and elevation, and have direct cutaneous arteries exiting 
the muscle surface to supply overlying skin. A vascular pedi¬ 
cle sufficient to maintain circulation is required to facilitate 
flap rotation into defects. Increased rotation may impair cir¬ 
culation and require that the flap length be reduced. Distant 
transfer of gracilis, latissimus dorsi, transverse abdominis, 
and some trapezius flaps is possible with micro vascular 

anastomosis. 


t 


The latissimus dorsi may be used alone as a muscle flap; 
It is harvested in a similar manner without the skin for this 

purpose. 

Cutaneous Trunci Myocutaneous Flap 

The cutaneous trunci muscle arises from the pectoralis pro¬ 
fundus and forms a thin leaf covering most of the dorsal, hr 
erak and ventral walls of the abdomen (see Fig. 18-25). Ins 
more closely associated with skin than underlying struc¬ 
tures. Blood supply is from small muscular branches and di- 
rect cutaneous arteries supplying the overlying skin. The cu- 
taneous trunci overlying the latissimus dorsi muscle receives 
two to four short, direct cutaneous branches of the thora¬ 
codorsal artery caudal to the border of the triceps muscle 

-V 

Elevating the cutaneous trunci muscle with skin helps pre¬ 
serve the subdermai plexus. Cutaneous trunci myocuta¬ 
neous flaps are more pliable and elastic than latissimus dorsi 
myocutaneous flaps and are preferred for forelimb flaps. I 




NOTE * Development of myocutaneous flaps re¬ 
quires the presence of direct cutaneous arteries exil¬ 
ing the muscle surface to supply the overlying skin. 
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Platysma Myocutaneous Flop 

The platysma muscle is a well-developed muscle originating 
from the mid dorsal tendinous raphe of the neck and skin. It 
courses longitudinally toward the mouth over the parotid 
and masse ter to the lips and vent rally to the m i dlin g. The 
platysma myocutaneous flap used to cover defects involving 

the head and neck is identical to the caudal auricular axial 
patte r n flap (s ee p, 170), 

Latissimus Dorsi Myocutaneous Flap 

T he latissimus dorsi muscle is a flat, triangular muscle over- 
lying the dorsal half of the lateral thoracic walk it originates 
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FIG 18-25 
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Landmarks for the latissimus dorsi and cutaneous trunci myocutaneous flaps. /, Ventral 
border of the acromion; 2, adjacent caudal border of the triceps muscle; 3, vertebral 
attachment of the last rib; 4, distal third of the humerus; and 5, axillary skin fold. To 
construct the flaps, draw a line from 2 to 3 and a second parallel line from 5. Incise and 

connect the two parallel lines dorsally. 
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71 


le 


re 


5- 


shauld be used as a source of osteogenesis rather than sup¬ 
port. Dorsal, caudal, and cranio ventral borders of the flap 

ventral to the dorsal midline, 2 cm caudal to the 
scapular spine, and a line between the acromion and trans 
ve rse pracess of the th i rd cer v i ca 1 ve r teb r a, res p e c t i vely. 


os for a latis s in^us 
os outlined but do 


P/an and outline the flap in the same way 
dorsi myocutaneous flop 

not extend the incision beyond subcutaneous tissue between 
the cutaneous trunci and latissimus dorsi. Elevate the cuta- 


le 


n 


a 


are 2 cm 


15' 


he 


neous trunci by dissecting the loose subcutaneous tissue. Lig¬ 
ate on d divide branches of the proximo! late ml intercostal 
direct cutaneous vessels . Transpose the flap to its desired lo 
cation without occluding the thoracodorsal vessels * If neces¬ 
sary, make a bridge incision or partial tubing of the flop 
transposition . P/ace Penrose or closed suction drains beneath 
fne flop at recipient and donor site s. Secure the flap in posi¬ 
tion and close the done r s i te. 


on 


Make a triangular skin incision over the cervical part of the 
trapezius muscle (Fig. 18-261 Incise the origin of the cervical 
part of the trapezius on the dorsal midline. Dissect the incised 
trapezius from the cleidocervicalis and omotransversarius 
muscles , preserving the attachment to the scapular spine and 
the prescapular branch of the superficial cervical vascular 
pedicle. Dissect the caudal half of the supraspinatus muscle 
from its attachment on the scapular spine and body. Incise the 
deltoideus ond thoracic part of the trapezius attachments to 
the scapular spine . Dissect the cranial half of the infraspinatus 
from the scapular spine and body Create a bone flap using 
ana ir-powered b urr or s aw. Di ssect th e m ed hi attachmen is o f 
the s ubscapularis and s erra tus ven fra li .s m uscle s from th e bon e 
flap , Elevate the osteomusculocutaneous Ilap and transfer it to 
the recipient site ; preserving the prescapular branch of the 
perficial cervical vascular pedicle * Place a Penrose drat 
the donor site and close the defect with approximating sutures 
(for muscle 

suture; for subcutaneous tissue , use 3-0 or 4-0 polydioxanone 
po lyglycona te suture; for skin 
polypropylene suture), Apply a bondage over the donor and 
recipient sites for support and fluid absorption. 


he 
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ip; 


his 


Trapezius Osteomyocutaneous Flap 

Trapezius osteomyocutaneous flaps generally are used tor 
defects in the neck, cranial thorax, or proximal thoracic 
limb; however, they may be transferred to distant sites 
micro vascular anastomosis. The trapezius is a thin, triangu¬ 
lar muscle divided into cervical and thoracic parts. The cer¬ 
vical part of the trapezius is overtapped by the cle i doce r vi- 
calis muscle and the thoracic part by the latissimus dorsi 
muscle, The muscle originates from the median raphe of the 
neck and supraspinous l igament from the level of the third 
cervical vertebra to the ninth thoracic vertebra and inserts 
on the scapular spine. It acts to elevate and abduct the fore- 
limb, Lameness and scapular fractures may occur when this 
flap is used. Only the scapular spine and not the scapular 
body remains viable. The bone in this flap is weak and 
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FIG 18-26 

Outlined trapezius osteomyocutaneous flap for regional reconstruction. The inset shows the 
flap ready for relocation. 


MUSCLE FLAPS 


T he sternohyaideus and sternothyroideus muscles may k 
used to cover laryngotracheal defects. Biceps femoris or deep 
gluteal muscle flaps are sometimes used to cushion the 
femoral head and neck ostectomy site (see p. 1100). Recon¬ 
struction of distal antebrachial, carpal, and metacarpal in 
juries can be assisted by transposition of the humeral head 
of the llexor carpi ulnaris (Chambers et al., 1998). 1 

External Abdominal Oblique Muscle Flap 

The external abdominal obl ique muscle is elastic and mobile 
and may be used to facilitate repair of defects in the abdom¬ 
inal wall or caudal thoracic wall This flap may be used told 
defects larger than 10 X 10 cm in medium-size dogs. The ex¬ 
ternal abdominal oblique muscle is a long, Hat muscle cover 
ing the ventral half of the lateral thoracic wall and lateral ab¬ 
dominal wall Its li b e rs a re d ir cct ed ca ud o ve n t r ally. It it I 

r 

divided into a costal part arising from the fifth tothii ■teenm | 
ribs and a lumbar part arising from the last rib and the tho¬ 
racolumbar fascia. It has a wide aponeurosis that inserts on 
the linea alba and cranial pubic ligament and contributes tit 
the exte r n al rec t u s fa seta, exter n al i n gu in al r ing, an d p rep u - 


Muscle flaps may he transposed beneath skin to fill defects, 
repair hernias, and treat paralysis. Many muscles have been 
used to 

T he use of muscle in reconstruction is limited by the tissue 
available and the surgeon's imagination* Muscles are capable 
of contributing circulation to areas of ischemia caused by 
trauma or radiation therapy. They may also provide support, 
facilitate return of function, improve cosmesis, and reduce 
wound contamination and sepsis. The latissimus dorsi may 
be used with or without a cutaneous flap to cover thoracic 
wall defects (see above). The muscle flap may be used with 
mesh or other implants to give support and is sutured to ad¬ 
jacent muscle or fascial planes. Diaphragmatic hernia repair 
has been facilitated by using the transversus abdominis mus¬ 
cle, The internal obturator, superficial gluteal, and semi- 
tendinosus muscles have been used in perineal hernia repair 
(see p* 436). Caudal abdominal hernias or defects can be rein¬ 
forced with pectineus or sartor ins muscle flaps. Esophageal 
repair may be facilitated by use of intercostal, diaphragm, 
sterno cephalic us, or sternothyroideus muscles (see p. 315). 


adjacent visceral repair and to fill defects. 












\ 

















































































177 


Chapter ! 8 Surgery of the Integu men tary System 


*■ 


r —" 


1 


) 


> 


I'V 

■" E* 


•mTA 


i 


r. 

-j 


B 




A 


t 


i 


! 


f 


c 


FIG 18-27 , , . . , . lL , , 

An external abdominal oblique flap is created to reconstruct defects involving the caudal 

thorax or abdominal wall. A, Make a paracostal incision from the epaxial muscles toward 

the ventral midline, beginning 5 cm caudal to the thirteenth rib, B, Incise the lumbar 

Fascial edge of the external abdominal oblique muscle and undermine it, preserving th 

neurovascular pedicle. C and D, Transpose and suture the muscle over an adjacent detect. 


e 


Cranial Sartorius Muscle Flap 


hie tendon. The cranial branch of the cranial abdominal ar¬ 
tery supplies the middle zone of the lateral abdominal wall 
and is accompanied by the cranial hypogastric nerve and 

satellite vein. 

anastomoses with the cranial and caudal abdominal arteries 

supply to the caudodorsal fourth of the ab¬ 
dominal wall. It is accomplished by a satellite vein and joined 
bv the later a! c utan ecu s fe mo ral n er ve - 


Cranial sartorius muscle flaps are used to repair prepubic 
tendon ruptures or femoral hernias when tissue trail ma, re¬ 
traction, and fibrosis preclude adequate anatomic reapposi- 

also be used to cover femoral 


The deep branch of the deep circumflex artery 


lion. This type of flap may 


be 


trochanteric ulcers. In the dog, the sartorius muscle consists 
of two long, flat, straplike muscles on the cranio medial sur¬ 
face of the thigh. In the cat, the sartorius muscle has only one 

belly and an origin 
The feline sartorius muscle has one or more large vascular 

or insertion of the muscle 


and is the main 


- e P 


the 


30 - 


and insertion similar to that of the dog. 


in- 


Mafce a paracostal skin incision from the level of the epaxial 
muscles to the ventral midtine, beginning 5 cm caudal to the 
|irfeenffi rib. Identify and divide the lumbar fascial edge 
of the external abdominal oblique muscle, leaving a 0.5- to 
hem margin of fascia along the muscular edge (Fig. 18-2/). 
Undermine the lumbar external abdominal oblique muscle. 

avascular pedicle (branches of 

fhe cranial abdominal artery and cranial hypogastric nerve 

and satellite vein } in a craniocforsa/ location caudal to the 

tfiirfeen/h rib. Divide fbe dorsal fascial attachment and sever 

usefe at the level of 

adjacent defect. 


ead 


pedicles entering either the origin 

other smaller pedicles. In dogs, the origin of the cranial 

part of the sartorius is the crest of the ilium and the thora¬ 
columbar fascia. The cranial sartorius inserts on the patella 
with the rectus femoris of the quadriceps. A single major 
vascular pedicle, branches of the femoral artery and vein, en¬ 
ters the proximal one third of the muscle caudally. 7 he mus- 

to extend the stifle and flex the hip. 


and 


fbile 


om- 

o fill 




the neur 


reserve 


a 




acts 


lab- 
It is 
ren t h 
t h o - 

ts on 

tes to 
repu- 


fncise the skin of the medial thigh over the cranial sartorius 
extending to the inguinal region and dissect subcutaneous 
tissues to expose the muscle (Fig. IS-28 f A). isolate die mus¬ 
cle by blunt and sharp dissection from the caudal sartorius 

and quadriceps femoris muscles and other tissues. Transect 

the tibia and elevate it 


rfie lumbar externa/ abdominal oblique m 

ihe ffiirteenfb rib. Transpose the flap to 
Overlap fae defect with the flap and suture the inner fasci 

surface w/fa 2-0 polydioxanone 

simple interrupted pattern. Place Penrose 
drains and oppose fhe defect edges. 


an 


polyglyconate using a 

closed suction 


or 


or 


fbe muscle dis tally at its insertion on 
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FIG 18*20 

A, Use a cranial sartorius muscle flap fo reconstruct prepubic tendon ruptures, femoral 
hernias, or femoral trochanteric ulcers. B, Elevate a caudal sartorius muscle flap to cover 
defects over the tibia or metatarsus. 


to its vascular pedicle, which enters the proximal one third of 
the muscle caudally. Rotate the flap up to 180 degrees into 
adjacent defects. As on alternative f create an island muscle 
flap by subpenosteal elevation of the muscle's llial origin. Su¬ 
ture muscle borders to adjacent fascial planes to cover the 

defect with absorbable suture material {e.g 2-0 or 3-0 
polydbxanone , poliglecaprone 25, or polyglyconatej. Place 
Penrose or closed suction drains in the donor and recipient 
sites and clo se the defect or defects. 


Make a skin incision on the medial aspect of the thigh dtord 
fee length of the caudal sor tonus and dissect subcutaneous 
tissues to expose the muscle (Fig. 18-28, Bj. Transect Ae 

caudal sartorius muscle approximately 4 cm distal to its ori¬ 
gin on the ilium. Double ligate and transect the saphenous 
artery and medial saphenous vein where they join the 
femoral artery and vein. Avoid traumatizing the saphenous 
vessels in the medial tibial region and along the caudal bar 
der o f the muscle. Transect the caudal sartorius near the ft | 
ial crest for complete mobilization. This creates an island 
muscle flap dependent on the saphenous artery and medial 1 
saphenous vein . Extend the skin incision and further mobi- 
lize the vascular pedicle as neededTransfer the flop to (lie 
desired location and secure. Place a Penrose or closed sue- 
tion drain and close the defects at the donor recipient sites. 


b* 


d 


d< 


in 


Caudal Sartorius Muscle Flap 

Caudal sartorius muscle Haps can be rotated d is tally to cover 
defects over the tibial or metatarsal area. These flaps may fa¬ 
cilitate fracture repair when healing is impaired by os¬ 
teomyelitis or poor circulation. Preoperative angiography 
ensures that the saphenous artery is not lhe primary source 
of circulation to the traumatized area and distal extremity. 
The caudal sartorius muscle originates from the cranial ven¬ 
tral iliac spine and adjacent ventral border of the ilium. It in¬ 
serts on the cranial border of the tibia in common with the 
gracilis muscle. The caudal sartorius muscle has a segmental 
blood supply with a dominant vascular pedicle off the 
saphenous artery and medial saphenous vein at the distal 
third of the muscle belly. It acts to flex the hip and stifle. 
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Flexor Carpi Ulnaris Muscle Flap 

The humeral head of the flexor carpi ulnaris muscle is useful 
for reconstructing injuries involving the tissues of the ante¬ 
brachial, carpal, or metacarpal areas. The humeral head of 
the flexor carpi ulnaris lies cranial to the ulnar head of the 
flexor carpi ulnaris except distal ly> where the tendon lies can- 
daily. The origin of the humeral head is the medial epi- 
condvie of the humerus; its insertion is the accessory carpal 
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FIG 18-29 

Use a flexor carpi ulnaris Rap with the 
the muscle on the deep surface near the tendon of insertion to cover wounds in the 

antebrachial, carpal, or metacarpal areas. 


udal interosseous vascular pedicle entering 


ca 


and transect at the junction of the proximal and middle third 

f the muscle (Fig. 1 8-29J. Make a bridge incision to the 

wound and rotate the muscle medially 
wound . Appose the muscle to the surrounding viable tissues 
and place drains as needed. Apply a moist , nonadherent 
bandage over the exposed muscle if the wound 
dbtely covered with skin. 

Temporalis Muscle Flap 

Temporalis muscle flaps are used to close orbitonasal defects 
to improve cosmesis after orbital exenteration. The tem¬ 
poralis muscle is fan shaped and arises from the temporal 
fossa, inserting on the mandibular coronoid process. The 
temporal and masse ter muscles fuse between the zygomatic 
arch and the coronoid process. The temporal branches ot the 
superficial temporal artery, cranial deep temporal artery, 
caudal deep temporal artery supply the temporalis muscle. 
The blood supply enters the muscle near its narrow insertion 


bone. The blood supply to the proximal portion of the mus¬ 
cle is from varying pedicles of the recurrent ulnar, ulnar, and 
deep antebrachial arteries. A vascular pedicle from the caudal 
interosseous arterv enters the distal end of the humeral head 

- f 

on its deep face near the accessory carpal bone. There are in¬ 
tramuscular anastomoses between the proximally coursing 
branches of the caudal interosseous artery and the descend¬ 
ing branches of the ulnar and deep antebrachial arteries. 1 he 
action of the flexor carpi ulnaris is to flex the carpus. 

Incise along the coudolateral aspect of the antebrachium 
from ji/sf below the elbow extending I to 2 
accessory carpal bone to expose the muscle. Inase the ante¬ 
brachial and carpal fascia to identify the humeral head ly¬ 
ing between the ulnar head of the flexor carpi ulnaris cau- 
dafly and the ulnaris lateralis laterally. Transect the distal 
tendon of the ulnar head to completely expose the humeral 
head. Dissect the fascial attachments of the humeral head 
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laterally into the 


ot 


is not imme- 


or 


distal to the 
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FIG 18-30 

Use a temporalis muscle flap to dose orbitonasal defects. 


OMENTAL FLAPS 


Omental flaps may be used to cover soft tissue defects, to I 
contribute to circulation and drainage, to enhance healing. ] 
to control adhesion, and to combat infection, similar to 
muscle flaps. Although less durable than muscle flaps, they 
stimulate the formation of granulation tissue to allow ear¬ 
lier wound closure w ith skin flaps or grafts. They are espe¬ 
cially useful for chronic nonhealing wounds involving the 
thorax, abdomen, and inguinal and axillary areas and can 
be used for facial and distal extremity wounds if extended 
omental lengthening or microvascular transfer is used, In 
dogs and cats, the omentum is a thin, double sheet of 
mesothelium that folds on itself in the caudal abdomen.lt 
attaches vent rally to the greater curvature of the stomach 
and dor sally to the pancreas and spleen. The omental blood 
supply is from peripheral vessels of the right and left gas¬ 
troepiploic arteries, I 

Two methods may be used to mobilize the omentum, 
One I nvo 1 ve s c reat i ng a vascul a r p edide involving either the 
right or left gastroepiploic artery; the other involves releas¬ 
ing the omentum from the pancreas and then lengthening 
with an inverted L-shaped incision. Both methods requires 
ventral midline celiotomy. 


on the mandible and runs in a ventrodorsal direction, paral¬ 
leling the muscle fibers. The muscle closes the mandible in 
conjunction with the masseterand medial pterygoid muscles. 






Make a cranial to caudal incision centered over the orbit to 
expose the temporalis muscle (Fig. 18-30). Preserve the su¬ 
perficial temporal artery: Dissect and transect the temporalis 
fascia from the zygomatic arch. Incise and subperiosteally 
elevate the desired portion of temporalis muscle. Rotate the 
flap around its insertion to the recipient site , resecting the zy¬ 
gomatic arch and lateral orbital ligament as needed. Secure 
the flap over the defect with approximating sutures (e.g. f 2-0 

or 3-0 polydioxonone , poliglecaprone 25, or polygly- 

conote). Obliterate dead space with Penrose or closed suc¬ 
tion drains and close cutaneous defects routinely. 
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FIG 18-31 

Omental extension. A, Exteriorize the omentum and spleen, then retract the dorsal leaf 
cramally and free it from its pancreatic attachments. B, Extend the dorsal leaf of the 
omentum caudally. C, Make an inverted L-shaped incision just caudal to the gastrosplenic 
ligament and rotate the left side caudally to achieve Full extension. 


. 


L 


e 


omentum caudally fa fully extend the pedicle, After the 
omentum has been mobilized, make a small incision (2 fa 3 
cmj th rough the lateral abdominal wall near the wound or 
several centimeters from the celiotomy for distant wounds. 
Create a subcutaneous tunnel to the wound[ transpose the 
omentum through this tunnel, and secure it to the wound with 
interrupted absorbable sutures. Take care 
and transpasing the om entom fa keep it worm and moist and 
to prevent occlusion of remaining omental vessels to main- 


omental flap viability. Using the other lengthening technique , 
refract the dorsal omenta/ leaf eranially and exteriorize the 
spleen. Re/ease fhe dorsal leaf tram the pancreas using 
sharp dsseeffon and ligate or cauterize vessels as encoun¬ 
tered, ifgafe and transect the one or two vessels originating 
horn the splenic artery close to the spleen . Extend the dorsal 
leaf caudally, unfolding the omentum . Begin the inverted 
l- shaped tads tan or? the left side just caudal to the gastros- 

plernc /igament (Fig. 18-31), Double ligate and transect 
omen ta! vessels when encou n tered as you ex ten d the i n ci $ ion 
across one half to two thirds of the omentum's width. Con¬ 
tinue \he incision caudally, pa ra I lei to th e rem a i n i n g omen tal 
vessels, along two thirds the length of the omentumLigate or 
cauterize vascular branches as encountered . Rotate the 


it 
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tain its viability. 
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Possible complications after omental transposition in¬ 
clude seroma formation, herniation through the omental 
exit hole, and flap necrosis. 
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ness (epidermis and entire dermis) or partial thickness (epi¬ 
dermis and a variable portion of the dermis). They are usd 
for defects that cannot be reconstructed by direct apposition 
or skin flaps (usually limb and large trunk defects). Skin 
graft survival depends on absorption of tissue fluid and 
revascularization. Autografts (grafts from the same animal; 
are most useful; however, allografts {grafts from the same 
species, also called homografts) and xenografts (grafts from 
d i fferen t species, or h eter ogr a ft s) that even tually a re re i ected 
may be used to temporarily cover and protect large burned 
or denuded areas. Making templates of the defect and graft 
and drawing reference lines on the skin are helpful in plan¬ 
ning reconstruction, I 

Successful graft healing, or graft “taker is dependent on 
the establishment of arterial connections and adequate 


Suggested readin g ___ 

Brockman DJ et al: Omentum-enhanced reconstruction of chronic 
non healing wounds in cats: techniques and clinical use, Vet Surg 


Hosgood G: The omentum, the forgotten organ: physiology and 
potential surgical applications in dogs and cats, Com pend Corn 
Educ Tract Vet 12:45,1990, 

Ross WE, Pardo AD: Evaluation of an omental pedicle extension 
technique in the dog. Vet Surg 22t37, 1993. 

Smith BA, I iosgood G, Hedlund CS: Omental pedicle used to man¬ 
age a large dorsal wound in a dog, / Small Anim Pract 36:267, 1995. 


MICROVASCULAR FLAP TRANSFER 


drainage. This must occur by the seventh or eighth postop 
era t i ve 


Specialized training and equipment are necessary to success¬ 
fully perform microvascular transfers. The required equip¬ 
ment includes an operating microscope with good optics, 9-0 
to 11-0 suture material, approximating and atraumatic vascu¬ 
lar clamps, microscissors, jeweler forceps, ophthalmic needle 
holders, vessel dilators, and coupling devices. Most axial pat- 

used for micro vascular 
transfer if vessels in the flap are large enough and if vessels of 
similar size are available near the wound bed. Peripheral an¬ 
giography of the recipient site is advised to ensure that recip¬ 
ient vessels are present and functioning. Recipient vessels that 
have been used clinically for free flap transfer include the ul¬ 
nar artery and cephalic vein in the forelimb; the cranial tibial 
artery and the dorsal branch of the medial saphenous vein or 
the plantar branch of the medial saphenous artery and its vena 
comitans in the hind leg; and the left infraorbital and superior 
labial arteries for palatal reconstruction. Anastomosis of 
cipient vessels should occur outside the area of trauma. 

Once the location of the vascular pedicle has been identi¬ 
fied during creation of the flap, magnifying Loupes and the 
operating microscope are used to identify and isolate the 
vessels. Vessel clamps are applied, and the vessels are ligated 
and transected proximal to the damps. At the recipient bed 
the wound undergoes final debridement, and the vessels are 
identified and isolated in a similar manner. End-to-end 
anastomosis is preferred to end-to-side anastomosis because 
it is technically easier. Vessel ends are irrigated with he¬ 
parinized saline, and excessive periadventitial tissue is re¬ 
moved. Arteries and then vein are anastomosed. Failure ot 
flap transfer occurs if vessels are kinked or thrombose. 

Suggested reading 


the graft will die. The graft bed must supply 
adequate vasculature for the graft. Healthy granulation tis¬ 
sue or a fresh, clean wound free of infection and debris may 
serve as the graft bed. Healthy muscle, periosteum, and 
peritenon can support a skin graft. Bone, cartilage, tendon, 
and nerve that are denuded of their overlying connective tis¬ 
sue do not support grafts. Poor graft take occurs over avas¬ 
cular fat, crushing injuries, infected tissue, irradiated tissue, 
old or hypertrophic granulation tissue, and chronic ulcers, 
Chronic granulation tissue should he excised to allow new 
granulation tissue to form before grafting (approximately! 
to 5 days). The surface of healthy granulation tissue maybe 
debrided by excising a thin layer (0.5 to 2 mm) with a blade 
or by rubbing with a gauze sponge before grafting. If bleed¬ 
ing persists, hemorrhage may be controlled with pressure or 
pinpoint electrocoagulation. The graft bed should be cov- 
ered with moistened sponges while preparing the graft. A 
graft adheres to its bed by fibrin contraction soon after be- 
ing placed. Fibrous tissue forms after fibroblasts, leukocytes, 
and phagocytes invade the area. The strength of graft adher¬ 
ence increases as fibrous tissue' forms; by the tenth pestoper- 

has occurred. Good graft contact with 
the graft bed is essential to adherence and graft take, lb 
achieve good contact, the graft bed must be free of debris 
and irregularities. Immobilizing the graft with sutures and ' 
bandages minimizes graft movement over the wound and ft 
ci 1 i t a t es ad h es I on. 1 mp ro p e rl y applied o r wrink!ed ban <kp \ 
or those that apply excess pressure or abrade the graft can re 
suit in graft necrosis. Bandages should be well padded and 
bulky to restrict limb motion. 

Plasmatic imbibition initially nourishes the graft and 
keeps the graft vessels dilated until the graft re vascularizes, 
Capillary action pulls the fibrinogen-free, serumlike fluid and 
cells from the graft bed into the dilated vessels of the graft. 
Absorption of hemoglobin products gives the graft a 
bluish-black color. The absorbed fluid diffuses into the inter- 


or 


tern skin flaps and muscle 


re¬ 


al ive day, a firm union 




Fowler JD et al: Microvasculax free tissue transfer: results in 57 con¬ 
secutive cases, Vet Surg 27:406, 1998. 

Miller CW; Free skin flap transfer by microvasc ular anastomosis, 
Vet Clm North Am Small Anirn Pract 20:189, 1990. 






stitia! tissue of the graft, causing edema; edema reaches its 
maximum at 48 to 72 hours after grafting. As venous ml 
lymphatic drainage improves, fluid is taken away from tii 
graft, and the edema regresses. Anastomosis of graft vessels 
with graft bed vessels of similar sizes (inosculation) maybe- 


SKIN GRAFTS 


segment of free dermis and 


Skin grafts are the transfer of a 
epidermis to a distant recipient site. They may be full thick 


\ 








































183 


Su rgery of the f n tegii men ta ry Sys tem 


Ch apter 18 


Donor site skin should have hair the same color, texture, 

the hair surrounding the recipient 


gin within i day of grafting. Vascular buds from the graft bed 
follow the fibrin scaffold to meet preexisting severed graft 
vessels* Vascular anastomoses form, and blood flow to the 
graft begins. Initially blood flow is sluggish and disorganized, 
but it improves and approaches normal by the fifth or sixth 

day. Fluid accumulations (i.e., seroma, 
osculation. Grafts may also be revascularized by the ingrowth 
of new vessels from the bed into the grail. New vessels form 

and anastomosis with another 


length, and thickness as 
site* The donor site should have enough skin to allow closure 

without tension after graft removal. Hair follicles may be 
damaged during graft harvesting and preparation or by poor 
graft revascularization* Removal of subcutaneous tissue may 
damage the base of hair follicles and reduce hair regrowth. 
Hair regrowth usually is noticed within 2 to 3 weeks after 
grafting; however, hair color may be altered after grafting. 
Split thickness grafts result in sparse hair regrowth* Hair re- 
growth with strip, punch, and expanded mesh grafts is patchy* 
Full thickness sheet grafts and nonexpanded mesh grafts 
suit in the best hair regrowth and cosmetic appearance* 
Reinnervation of grafts depends on the type and thick- 
of tb e graft, the amount of scar tissue formation, and 

tissue. Return of sensation is 


hemato ma) in h ib it i n - 


by endothelial sprouting 

formed vessel. Vascular sprouts may be found 


sprout or 

within the lower layers of the graft in 48 to 72 hours. New 
vascular connections remodel, differentiate, and mature until 
a system of arterioles, venules, and capillaries forms. New 
lymphatic vessels develop in the graft and establish lymphatic 

drainage by the fourth or fifth postoperative day* 

Fluid accumulation within or under the graft and move¬ 
ment of the graft prevent good vascular connections from 
developing between the graft and the bed. A bandage should 
be placed immediately after grafting and left undisturbed for 
24 to 72 hours to facilitate graft immobilization, fluid ab¬ 
sorption, and graft adhesion and to protect the graft from 

The frequency of bandage changes depends 


re- 


the innervation of surrounding 


full thickness grafts, and least in split 


in flaps, less in 


greatest 

thickness grafts. Reinnervation occurs from the margins oi 

the graft. Pain Is the first sensation to return, followed by 
t o uch, a nd 1 a st, tem p e ratu re d i scrim i n ati on. 


FULL THICKNESS SKIN GRAFTS 


on 


trauma. 

wound and varies from daily to every 3 to 4 days for at least 
3 weeks. Grafts are pale when initially placed in a 
They appear black and blue during the next 48 hours. The 
dark colors fade and a light reddish tinge appears by 72 to 96 
hours. The entire graft should be red 7 to 8 days after surgery 

if graft survival i s 

by the fourteenth day. Persistently pale 
and will undergo necrosis and slough* Black coloration indi¬ 
cates dry ischemic necrosis. Do not resect areas ot question- 


Full thickness skin grafts include the epidermis and entire 
dermis. They are indicated to cover large defects on flexor 
surfaces, thus preventing contracture and distal extremity 
defects (Fig. 18-32)* After healing, full thickness grafts 
sernble normal skin in hair growth, color, texture, and elas¬ 
ticity, They become pliable, movable, and durable. Full 
thickness grafts take as well as split thickness grafts. 1 he dis¬ 
advantages of full thickness grafts include planning, tedious 
removal of subcutaneous tissue, and areas of nonviability. 


wo u nd. 


re- 


complete* Normal color gradually returns 

areas are avascular 


able viability. 

rhe most common causes ot graft failure are separation 
from the graft bed, infection, and movement* They cause 
graft failure by disrupting the delicate fibrin bonds that bind 

the graft to the bed. Without adherence, revascularization 
and organization are impossible* Hematoma or seroma for¬ 
mation under the graft is a common cause of graft failure, 
fluid mechanically separates the graft from its bed, impair¬ 
ing nutrition and revascularization. Meticulous hemostasis 
during graft bed preparation helps prevent hematomas and 

Nonexpanded mesh grafts and dosed suction 
the best methods of facilitating drainage. Mesh 
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drainage are 

grafts have the advantage of not requiring placement of a 
tube that may disrupt graft adhesion and healing. The initial 

recommended 24 to 72 hours after graft- 


*es 


re¬ 


nd 


bandage chan ge is 

to detect and drain fluid accumulation under the graft 
The danger of fluid accumulation is greater than the risk o 
moving the graft during bandage manipulat 
detrimental to graft survival because bacteria may cause 
solution of fibrin attachments or produce sufficient exudate 
to lift a graft from the recipient bed. Plasminogen activators 
and proteolytic enzymes released by bacteria disrupt the fib- 
seal. p-Hemolytic streptococci and pseudomonads pro- 
luce large amounts of plasm in and proteolytic enzymes, 

spp. also produce elastase, which breaks down 
dastirt; elastin adheres to fibrin, facilitating graft adhesion. 
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FI* 18>.32 


the distal extremities commonly require 
grafting. Grafts should be applied over healthy granulation 
tissue. B, A full thickness sheet graft has been applied over 

the wound , 
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are difficult to immobilize after implantation. The initial 
bandage change after surgery is delayed for 3 to 5 days to avoid 
displacing the grafts. Wounds that are parallel to the long axis 
of the limb lend themselves to strip grafting. Plugs and strip 

grafting are easy to perform and require no special equip¬ 
ment. However, excessive bleeding from the graft bed may 
float plugs out of the recipient site or delay revascularization. 
The cosmetic appearance is poor because of epithelial scarring 
and s pa rse hair g ro wth, wh i ch res u! t b ec a use t h e wo un ds heal 
by epithelialization from each graft and wound edge. 

Prepore the graft bed by debriding and treating it os an 
open wound for severet days. Harvest plugs of s kin from m3 

donor site with a 5- or 6-mm biopsy punch or tent the deft) 
with a bent hypodermic needle or curved suture needle and 
resect a small piece of tissue, Harvest 5-mm wide strips of 
skin freehand for strip grafting. Remove subcutaneous tissues 
from the dermis. For plugs, make small, slitlike pockets in the 
granulation tissue (2 to 4 mm deep , 5 to 7 mm apa rfj, ok 
most parallel to the wound surface . Insert a plug in each 
pocket after controlling hemorrhage , holding if in position 
with gen tie pres sure for 1 to 2 m in utes . As on a Iter no five, cut 
holes in the granulation tissue with a 4-mm skin biopsy 
punch (about 2 mm smaller than the punch used for har¬ 
vesting graft} approximately I to 2 cm apart and insert the 

skin plugs into these holes . Make grooves 2 mm wide ond 3 
to 5 mm apa rt for s trip gra fting. A Her h emorrh age has teen 
controlled , lay a skin strip in each groove and anchor it with ! 
an interrupted suture at each end. Bandage and splint the 
graft site with nonadherent , absorbent materials. Excise ond 
reappose the donor site or treat it as an open wound with 
bondages . Change the graft bandage 3 to 4 days after sur¬ 
gery, taking care not to dislodge any of the grafts, Rebun - 1 
doge the area os needed until healing is complete , Bon* 
doges should be bulky and restrict motion . M 

Mesh Grafts 

Mesh grafts may be either full thickness or split thickness grafts 
in which parallel rows of staggered slits have been cut. Meshing 
a sheet graft allows drainage, flexibility, conformity, and ex¬ 
pansion* The degree of expansion is directly related to the 

length of the slits; longer slits equal greater expansion. As the 
graft is expanded, it shortens in the perpendicular plane, A 
sheet graft is meshed with a special mesh graft expansion unit 
(Fig. 18-33) or freehand (Fig, 18-34), Freehand slits are made 
in a sheet graft when it is fixed to cardboard after subcutaneous 
tissue has been removed. Slits are made with a No, 11 or No. 15 
scalpel blade and should be approximately 3 to 15 mm long 
and 2 to 6 mm apart and oriented in staggered rows. Mechan¬ 
ically meshed grafts are more expansible because they expand 
in more than one direction; those meshed with freehand slits 
expand in only one direction. Cosmesis is improved if the slits 
are placed parallel to the skin tension lines. I 

A nonexpanded, full thickness mesh graft is recom¬ 
mended for most grafting needs because it may be used un¬ 
der a wide range of circumstances, has a high success rale; 
and has a good cosmetic appearance. Meshing allows a pa£ j 


Full thickness grafting techniques include meshes, plugs, 
strips, and sheets of skin. 

Sheet Grafts 

Sheet grafts are indicated to prevent contracture of defects 
on the distal aspect of the limbs and over flexor surfaces. 
They should be used only over uninfected granulation beds 
and when minimal fluid production is expected, because 
fluid accumulation or drains prevent graft adhesion. Sheet 
grafts are less flexible, less expansive, and less conforming 
than mesh grafts. The donor site is the skin of the lateral tho¬ 
racic wall, back, shoulder, or other areas with abundant skin. 
The lateral thoracic wall is the preferred donor site, because 
the skin is relatively thin and well haired. 

r 


Asepticaliy prepare the surgical sites. Debride , lavage, and 

control hemorrhage in the graft bed before placing the graft. 
Make a pattern of the defect using a sterile towel or paper 
temp late. Us i ng th e pa Hern o f the defec t as a gu ide , ha rvest 
a segment of skin about I cm la rger than the pa Hern fro m 
the donor site with the hair oriented in the proper direction . 
Excise all subcutaneous tissue from the graft with a scalpel 
blade during harvest , or it will interfere with revasculariza¬ 
tion . As an alternative, excise the graft , stretch it, and fix it 
to a piece of stiff cardboard or drape it over the index fin¬ 
ger and then remove subcutaneous tissues with Metzenbaum 
scissors. Keep grafts moist by periodically submerging them 
in a bowl of saline or lac fated Ringers solution; this a/so 
rinses off fat fragments and helps identify remaining subcu¬ 
taneous tissue. Keep the donor site moist with saline-soaked 
sponges while placing the graft. Place the graft in the defect 
with the hair properly oriented and with uniform contact with 
the recipient bed . Overlap the skin edges with the graft to 
ensure complete wound coverage and to prevent the skin 
edges from curling underneath. Tack the graft in position 
with interrupted sutures . Place a closed suction drain be¬ 
neath the graft or make one or more stab incisions to pro¬ 
mote drainage. Appose the edges of the graft and wound 
ith staples or simple interrupted or continuous sutures (e.g. f 
3-0 or 4-0 nylon or polyp ropyle ne) pi a ced 3 to 4 m m apa rf. 
Close the donor site by undermining and opposing wound 
edges or using a pedicle flap. Bandage the graft site with a 
nonadherent, absorbable bandage that restricts the patients 
motion. Change the evacuation tube as needed. Change the 
bandage and evaluate the graft 24 to 48 hours after surgery 
and continue rebandaging as needed for 21 days. 
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Where the graft overlaps skin edges, it will necrose and 
peel off when sutures are removed at 7 to 10 days. 

Plug, Punch, or Seed Grafts 
and Strip Grafts 

Plug, punch, or seed grafts and strip grafts are placed in a pre¬ 
pared granulation tissue bed. They are indicated for limb 
wounds and wounds with low-grade infection or irregular 
surfaces. They are best used on smaller wounds in areas not 
subjected to excessive wear or external trauma. These grafts 
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A 


B 


MG 18-33 

After q skin graft has been harvested, it can be meshed 
{dermal side down) using a mesh graft expansion unit. 


FIG 18*35 


A f Skin graft in Fig. 18-34 at 6 days; note partial graft loss, 


B, Cosmetic appearance after 1 00 days is good. 
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SPLIT THICKNESS SKIN GRAFTS 


t 


Split thickness skin grafts are composed of epidermis and a 
variable thickness of dermis. Feline ski it is too thin for split 
thickness grafting. Graft take with split thickness grafts is 
similar to that with full thickness grafts. Split thickness grafts 
are less durable and more subject to trauma than full thick¬ 
ness grafts, and hair growth may he absent or sparse. Also, 
the graft may appear scaly. Hair regrowth at the donor site of 
thick split thickness grafts may also be sparse if the site is al¬ 
lowed to heal as an open wound rather than being resected. 
Skin of the lateral thoracic wall, back, shoulder, or another 
area with abundant skin may be used as the donor site. How- 
eve r s th e fiexib il ity o f th e abdo m i n a 1 wal 1 a nd th e irregul a r - 
ity of the thoracic wall make graft harvesting difficult. The 
relatively firm, flat surface over the epaxial muscles lateral to 
the dorsal spinous processes, lateral thigh, and arm muscles 
are better sites for harvesting skin. 
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Asepiically prepare the surgical sites , Deb ride, lavage , and 
control hemorrhage in the graft bed before placing the graft. 
Harvest the split thickness graft with a dermatome or free¬ 
hand. Inject sterile saline subcutaneously under the donor site 
to elevate the skin and reduce contour irregularities. If using 

o dermatome f lubricate the skin surface with sterile mineral 
oil or water-soluble gel. Pull the skin in opposite directions 
over the donor site to make it taut . Harvest the graft. Using a 
scalpel, make a partial thickness incision perpendicular to the 
s kin surface. Then , holding a modified safety razor almost 
parallel to the skin surface , begin cutting. Place stay sutures 
in the cut edge of the graft to apply traction while cutting , 
Change blades as they become dull Place the graft on the 
bed with hair growth oriented in the proper direction. Over¬ 
lap the wound edges with the graft by 2 to 4 mm. Anchor the 
graft in place with interrupted sutures or skin staples. Irrigate 
under the graft with saline or thrombin. Apply a nonadherent 
absorbent bandage with a splint to immobilize the area. 
Use a tie-over bandage if necessary. Holes inadvertently 
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MG 18-34 

3k:n grafts may be meshed by making small, full thickness 
ncisians through the graft. The incisions are aligned in 
parallel rows. 
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to conform and adhere to irregular surfaces and allows place¬ 
ment on graft beds with exudation or blood. Meshing allows 
drainage, which facilitates graft adherence. The cosmetic ap¬ 
pearance is as good as that with sheet grafts (Fig, 18-35 ), Sur- 
■ ival is 90% to 100% when grafts are applied on healthy gran¬ 
ulation beds and managed properly. Expanded mesh grafts 
are indicated when donor sites are limited and defects are 
large. They should be cut longer than the defect to account 
tor shortening with expansion, A diamond-shaped pattern 
with tufts of hair between epithelial scars results when a mesh 
graft is expanded. This may not be cosmetically acceptable. 
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perforating the graft will albw drainage and eventually heal. 
After harvest and grafting f excise the donor site and close it 
or manage if as an open wound with bandages. Perform the 
first bandage change 24 to 48 hours after surgery. Drain the 
area if a seroma or hematoma has formed by making a small 
incision in the graft and aspirating . Expect the graft overlap¬ 
ping the skin to necrose . Rebandage the area and change the 
bandage only as needed, because movement of the graft bed 
interferes with revascularization. 


leukotrienes, prostaglandins, oxygen radicals), tissue edema, 
desiccation, and bacterial invasion, i he transition zone is 
surrounded by an area of hyperemia, where minimal dam¬ 
age occurs and healing is complete* It can be difficult to de¬ 
termine the burn depth and area of involvement because the 

depth of injury is not uniform and the skin surface often is 
leathery and covered by dry coagulum. Eschar is the residue 
of skin elements that have been coagulated by the heat, ft is 
composed almost entirely of tough, denatured collagen 
fibers. Scabs contain dead cells and flimsy fibrin and, unlike 
eschar, are not a strong protective covering. 

Superficial (first degree) burns affect only the epidermis. 
The area is painful, thickened, erythematous, and desqua¬ 
mated. Healing occurs rapidly (within 3 to 6 days) by ep- 
ithelialization from the stratum germinativum or adnexal 
structures of the dermis* Unlike human skin, canine skin 
does not act as an organ for heat dissemination; dogs there¬ 
fore do not have the rich superficial vascular plexus that hu¬ 
man beings do* For this reason, dogs show less erythema 
with superficial burns than people do. Superficial partial 
thickness burns are moist, blanch with pressure, and are sen- 
s itive to pai n, They usually heal within 3 weeks because of 
epithelMzation from deeper portions of the skin ap¬ 
pendages* Healing usually is complete and occurs without 
grafting. 

Deep partial thickness (second degree) burns cause 
marked destruction of the dermis. The only remaining ad¬ 
nexal epithelium is in the upper layers of the subcutaneous 
fat. Subcutaneous edema and marked inflammation occur, 
and the hair does not epilate easily. Progressive damage dur¬ 
ing the first 24 hours results from the heat of injury and the 
release of proteolytic enzymes, prostaglandins, and vasoac¬ 
tive substances. Although these burns frequently heal without 
grafting, healing takes months, and scarring may be exten¬ 
sive. Healing occurs by reepithelialization from deep adnexa 
and wound margins. The burn must be protected against 
trauma and contamination while healing. Inappropriate 
therapy may allow a second-degree burn to progress to a 
third-degree burn, especially if bacterial infection occurs. 

Full thickness (third degree) burns form a dark brown, in¬ 
sensitive, leathery eschar. AH skin structures are destroyed, 
and hair epilates easily. Third-degree burns are less painful 
than first- or second-degree burns because nerves have been 
destroyed. Superficial vascular thrombosis and deep vascular 
permeability cause subcutaneous edema and necrosis. Heal¬ 
ing occurs by contraction and reepithelialization unless the 
wound is reconstructed* Some indication of injury depth 
may be obtained by elevating the eschar. First- and second- I 
degree burn eschars split when elevated and bent to reveal 
underlying epidermis or dermis; third-degree burns may not 
split, or the split may extend to subcutaneous tissues, I 

Burn wounds are sterile or colonized only by superficial | 
bacteria during the first 24 hours. The large volume of dead « 
tissue provides an excellent medium for bacterial growth, ! 
and occlusion of local blood supply impairs delivery of P 
humeral and cellular defense mechanisms and systemic I 
drugs to the wound. Superficial bacteria proliferate and in- I 


NOTE * Increased pain is expected when the graft 
site is managed as an open wound; however, the 
wound will reepithelialize in approximately 3 
weeks, and additional split thickness grafts can be 
harvested from the same site if necessary* 


STAMP GRAFTS 


Stamp grafts are square patches of split thickness skin ap¬ 
plied to a granulating wound. The graft bed and graft are 
prepared and managed in the same manner as for other split 
thickness grafts. The graft is cut into patches ranging from 5 
mnr to 25 mm 2 * Patches are spaced l to 10 mm apart in graft 
bed depressions* These grafts are particularly susceptible to 
movement and easily displaced by bandages. 


Suggested reading 

Bradley DM, Shealy PM, Swaim SF: Meshed skin graft and pha- 
Ian gea t fillet for paw saIvage: a case report ,} Am 4 nim Hosp As¬ 
soc 29 : 427 , 1993 . 

Ha ran I: Surgical complications and wound healing in the small ani¬ 
mal practice , Philadelphia, 1993, WB Saunders. 

Pavletic MM: Atlas of small animal reconstructive surgery ed 2, 
Philadelphia, 1999, WB Saunders* 

Swaim SF, Henderson RA: Small animal wound management, ed 2, 
Philadelphia, 1997, Williams Sc Wilkins. 


SURGICAL M ANAGEMENT OF SPEC! Fit 
SKIN DISORDERS 




BURNS AND OTHER THERMAL INJURIES 


Burns occur when heat energy is applied at a faster rate than 
tissue can absorb and dissipate it. Fires, electric heating pads, 
hair dryers, scalding water, steam, hot cooking oil, exhaust 
systems, and hot pipes are common sources of thermal 
burns in domestic animals. The extent of injury is influenced 
by the temperature of the heat source, the duration of con¬ 
tact, and tissue conductance. A transition zone separates 
completely devitalized tissue from uninjured tissue. The area 
in direct contact with the heat coagulates; cellular proteins 
denature, and blood vessels coagulate* The transition zone is 
characterized by reduced blood flow, intravascular sludging, 
and potentially reversible tissue damage. Progressive dermal 
ischemia may occur in this area because of the release of 
vasoactive substances (e.g*, thromboxane A 2 , histamine, 
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vade the deeper tissues under the eschar within 4 to 5 days of 

injury. Initially most organisms are 
by 3 to 5 days, the wound is colonized with gram-negative 
bacteria, typically Pseudomonas spp. Early removal of eschar 
and application of topical antibiotics are needed to mini¬ 
mize progression of the damage* 

Burns frequently cause shock and multiple organ failure 

because of fluid loss, fluid shifts, electrolyte imbalances, pro¬ 
tein losses, myocardial depression, increased peripheral vas¬ 
cular resistance, and increased blood viscosity. Cardiac ab¬ 
normalities, immunosuppression, anemia, renal failure, liver 
failure, and disseminated intravascular coagulation occur in 
some animals. More severe systemic signs are associated with 
large bum surface areas. Respiratory distress may 
from smoke inhalation (corrosive gases and chemical irri¬ 
tants), thermal burns of the upper airway, and carbon 
monoxide and cyanide poisoning. Smoke inhalation causes 
pulmonary edema with vascular congestion, interstitial 
edema, and atelectasis. Pneumonia often occurs several days 
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Burns: Calculation of Total Body Surface Area 
Conversion Chart 

Body Weight (kg) to Iota! Body Surface Area (m 2 ) 
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m 2 
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0.88 


26.0 


0.10 


1.0 


0.90 


27.0 


0.15 


2.0 


0.92 


0.20 


3.0 


0.94 


0. 


4.0 


0.96 


30.0 


0.29 


5.0 


0.99 


31.0 


0,33 


6.0 


1.01 


0.36 


7.0 


1.03 


occur 


8.0 


1.05 


34.0 


9.0 


35.0 


0.46 


10,0 


1.09 


0.49 


11.0 


1.11 


37.0 


0.52 


12.0 


1.13 


38.0 


13.0 


1.15 


39.0 


0.58 


14.0 


1.17 


0.60 


15.0 


after smoke inhalation. 

Burns from contact rather than fire may not he immedi¬ 
ately recognized. Moisture and flattening of the hair coat may 
be noted a few days after 

I 

hair and skin loss, which makes demarcation of the burn area 
obvious* Burns may be avoided during surgery by using cir¬ 
culating warm water pads or bags inflated with circulating 
warm air (42° C [107*6° F] or lower) rather than electrical 

may also be caused by 


1.19 


41.0 


0.63 


16.0 


1.21 


0.66 


17.0 


1.23 


43.0 


18.0 


injury. This is rapidly followed by 


1.25 


0.71 


19.0 


1.26 


45.0 


0.74 


20.0 


t 


1.28 


0.76 


21.0 


47.0 


22.0 


1.32 


48.0 


0,81 


23.0 


1.34 


49.0 


0.83 


24.0 


wire element pads. Thermal burns 
gloves or bottles filled with hot water. Anesthetized or hy- 

particularly susceptible to burns from 


50.0 


s 


r 


pothermic animals are 
hot water bottles because of the reduced circulation associ- 


x 0.007184 
X 0.007184) or Total body surface area 


x Height 5 


Weight 5 


725 


Total body surface area 

□ 42.5 


[rfr = kg 


0.725 


x cm 


lC 


ated with vascular constriction. The longer the exposure, the 
gr tm r the risk of burns. Burns may also be avo i ded by pro p- 
erly grounding patients when using electrosurgical units. 


0.1 X Weight (kg) 
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From Swaim SF: Surgery of traumatized skin: management and 
construction in the dog and cat, Philadelphia, 


re- 


1 980, WB Saunders. 
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ca 


TREATMENT 


each rear limb is 18% (two nines); and the dorsal and ventral 
thorax and abdomen are each 18%. Animals with partial 
thickness burns involving less than 15% TBSA require mini¬ 
mal supportive therapy, whereas those with burns involving 
more than 15% TBSA require emergency supportive care. 
Euthanasia should be considered lor those with burns involv- 

than 50% TBSA, Shock doses of iactated Ringer's 


The first priority in treat ing burns is to minimize tissue loss by 
administering first aid and preventing shock. Prevention of 
septic complications by good wound management is the next 
priority. Early wound debridement and reconstruction 
important to minimize morbidity. Immediately after thermal 
injury (within 2 hours), cooling the affected areas may limit 
further extension of tissue destruction. The area should be 
lavaged with col d water, or co 1 d packs sho uld be ap plied to the 
wound; however, it is important to avoid systemic hypother¬ 
mia. Analgesics should be given as necessary to alleviate pain 
(e.g,, buprenorphine; 0.005 to 0.015 mg/kg given intra¬ 
venously, intramuscularly, or subcutaneously every 4 to 6 
hours). Vital signs, mental status, hematocrit, total protein, 
urine output, central venous pressure, electrolytes, blood 
gases, and daily body weight should be monitored* 

The size of the burn area can be estimated by measuring 
the area of burned skin with a metric ruler, dividing that area 
bvthe animal’s total surface area (Table 18-5), and multiply- 
mg by 100, As an alternative, a rough estimate can be gained 
using the rule of nine: each forelimb of the animal represents 
approximately 9% of the total body surface area (TBSA); 


ite 


a 


are 


n- 


?d, 


ful 


mg more 

solution or hypertonic saline solution should be adminis¬ 
tered to minimize and reverse signs of shock. The amount of 
isotonic fluid required during the first 24 hours may 
mated using the formula 3 to 4 ml/kg/percentage TBSA 
burned. Hypertonic saline solutions are beneficial in reduc¬ 
ing total fluid requirements, limiting edema, and increasing 
cardiac output. Hypertonic saline (4 ml/kg bolus) plus lac- 
tated Ringer’s solution (1 ml/kg/percentage TBSA burned) 

be administered. When giving hypertonic saline, the 
sodium concentration should not exceed 160 mEq/L. 


?en 


ilar 


?al- 


the 


pth 


nd- 
v e a 1 


icial 

lead 

wth, 


serum 

Nonprotein colloid solutions (i.e*, dextran 70, dextran 40, 
hetastarch) given in the early postburn period (16 to 24 hours 
after injury) may improve survival and reduce edema forma¬ 
tion, Administration of protein colloids (i.e*, fresh-frozen 


of 
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cfaove and Table 1 &~5). C/ip the wound ond sun 


c/iorf fsee 

rounding hair before gently lavaging with an antiseptic so¬ 
lution (e.g., 0.05 % chlorhexidine diacetate). Cover the 
wound w/rfi a topical aloe vera compound or silver sulfooh 
azine (see p. 139). If treatment is begun soon after the burn, 
use aioe vera or dipyridamole (thromboxane synthetase 
blocker) to help preserve patency of the derma/ vasculafure. 

After the first 24 hours, apply water-soluble , I % silver sulfa- 

wound once or hw'ce 


or albumin) to hypoproteinemic patients 

allow the stabilization of mem- 


plasma 


delayed for 8 to 12 hours to 
brane permeability and increased lymph return that reduces 

within the first 8 to 12 


protein loss. Protein colloids given 

hours are lost into the burn wound and worsen edema for 
mat ion. Dogs with partial thickness burns involving 

28% of their plasma volume during the first 

whole blood, packed red blood 


T B SA may 1 os e 

6 hours. Transfusions (i.e. 
cells) may be necessary in anemic patients. 

Respiratory distress should he treated by giving oxygen 
(mask, nasal insufflation, tracheostomy tube) and bron- 
chodilators. The half-life of carbon monoxide is reduced 
with oxygen therapy. Continuous positive pressure 
tion may be necessary in some animals. Tracheostomy (sec 
p r 720) and mechanical ventilation are indicated in patients 

with upper airway swelling or severe tracheobronchial secre¬ 
tions. The trachea and bronchi should 
sary. Systemic antibiotics should be administered if bron¬ 
chopneumonia occurs. 

Aggressive 

metabolic demand and 


diozine cream \ Silvadene cream) to the 

daily . Silver sulfadiazine 
gram-positive ond gram-negative bacteria and Candida or 

q an isms . Bandage the wound ond a septi colly manage i 

during daily bandage changes . Remove tfie profe/nocea| 

/ from the surface of the wound during bondage cnonges 


is bactericidal with activity against 


it 




Q e 


Use gentle 


ond before reoppheation of silver sulfadiazine 
hydrotherapy to remove debris and clean the wound. 


be suctioned if neces- 


Suggested reading 


Declercq j, Vanst&pel MJ: (.Tronic radiant heat tie nit a til is f ery¬ 
thema ab igne) ill two dogs, Vet Dermatol 9:269, 1998. 

Pending RH: Fluid replacement in burned patients, .Sitrg Clift 

Morth Am 67:15,1987. 

W,p Wasman K: The complexities of managing 
burns with associated trauma* Probl Trauma Surg 76.923,19%, 

Hargis AM, Lewis TP: Full thickness cutaneous bum in black- 

haired skin on the dorsum of the body of a dalmatian puppy, Iff 

Dermatol 1G:39, 1999. 

Pavletic MM: Atlas of small animal reconstructive surgery ., ed l 

Philadelphia, 1999, WB Saunders. 

Henderson RA: Small animat wound numagentent t cd 2, 


counters the increased 


nutritional support 

protein losses that occur in burn pa¬ 
tients (see Chapter 11). Animals with moderate to severe 
wounds should he fed a high-protein, high-calorie diet. Early 
enteral feeding is important in preventing gastroduodenal 

Histamine Hr receptor antagonists should be 

is suspected (see p. 365). 


severe 


Dougherty 


ulceration, 
given if gastroduodenal ulceration 


BURN WOUND MANAGEMENT 


Removal of dead tissue is essential to the control ot sepsis 

ol a viable vascular bed suitable for sur- 

may be debrided from burn 

dissection (see p. 138). 


Swa im SR 

Philadelphia 


1997, Williams & Wilkins. 


and the promotion 
gical closure. Necrotic tissue 
wounds with bandages, enzymes, or 
Enzymatic debridement spares viable tissue that may 
moved by dissection or surgical excision, but the results 

; the best results are obtained when enzymes are applied 

Loose and obviously devitalized tis- 

be removed with scissors, 


ELECTRICAL INJURIES 


var y 

to moist, pliable eschar. 

partial thickness burns may 

hydrotherapy, or gauze sponge abrasion. With trill thickness 
burns, sharp excision to muscle fascia is necessary. Early 
burn excision is recommended to minimize secondary Ejec¬ 
tions and systemic effects (e.g.- endotoxins, blood loss). 


Electrical burns occur when current touches one point on the 

without an exit point. Chewing on 

cause of electrical injury in 
electrical current flow is greatest in 


lectricaJ 


e 


body, with 

cords is the most common 


animals. Resistance to 

bone and least in nerves (from greatest to least resistance,the 

is bones, fat, tendon, skin, muscle, blood, and nerve). 

Itage electrical current follows the path ot least ifsist- 

which usually is along blood vessels. Tissue necrosis oc- 

from vascular thrombosis and release of vasoactive sub- 

be massive because of deep 


ho w-'vo 
ance, 


be excised and dosed primarily. 

or skin flaps. 


Small burn 

Closure is achieved by skin advancement 

be allowed to heal by contraction and 

they may be grafted. Second intention 

take months or may be incomplete, and the re- 

unacceptable. Por these 


can 


Larger wounds may 
epithelializatiom or 

healing may __ 


stances. Tissue damage may 
extension of the generated heat. Immediate death can result 

ventricular fibrillation. 


from respiratory paralysis or 

Animals often are found collapsed in a tonic state with as 

electrical cord in the mouth. The body stiffens from con¬ 
traction of striated muscles while receiving the electric cur- 

dth vomiting and 

If the animal survives, the tonic 


b e cos m et ic a tly 
large burns are debrided, allowed to form a 

bed, and then reconstructed using rotat- 


rea 


suiting scar may 


sons, many 

healthy granulation 

flaps, axial pattern flaps, tissue expansion, or grafts, 
nd closure reduces wound management and see¬ 


ing skin 


rent. Generalized tonoclonic activity 


w 


won 

ond ary infection and shortens hospitalization. Sc< 
fragile and may erode and bleed easily. Squamous cell caici- 

occas ion ally occur in burn scars. 


defecation also can occur, 
state resolves when the cord is removed from the mouth,al- 

f be weak and ataxic for a short pe* 


though the animal ma) 
riod. Burns primarily occur 
tongue. These areas ini 


nomas 


on the lips, gums, p; 
dally may appear charred, pale gray 

E deni a develops after 1 


or 


Estimate the burn depth and calculate the size of the burn i 
lationship b the TBSA obtained from a wei 


rn 


; extent 


or tan. 


con vers ion 
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way not be apparent for 2 to 3 weeks. Pulmonary edema tre 
quendy occurs, causing dyspnea and moist rales. 


Swaim SF, Henderson RA; Small animal wound management, ed 2 
Philadelphia, 1997, Williams & Wilkins. 


>- 
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TREATMENT 


i- 


CHEMICAL INJURIES 


Affected patients should be examined frequently tor pul¬ 
monary edema. Pulmonary edema may be treated with 
diuretics (i.e., furosemide, 2.5 to 5 mg/kg given intramuscu¬ 
larly or intravenously once or twice a day) and aminophylline 
i) m ft kg give n m t ravenously o r i n t ra m u s cu 1 arly t h ree t i m es 
d day I. Morphine (1 mg/kg given intramuscularly or subcu¬ 
taneously) may be given to dogs to reduce anxiety. Ventila¬ 
tory support is needed it there is no response to medication. 
Repair of damaged tissue should be delayed until the full 
extent of the injur v is known. Minor burns mav be allowed 

r J J 

o heal by second intention, Oro nasal fistulae must be 
paired (see p. 291). Large lip wounds should be repaired to 
prevent oral drying and improve eosmesis. 


h 


e 


Chemical burns from strong acids or alkalis destroy tissue by 
denaturing proteins or interfering with cell metabolism. 
Mechanisms of injury include oxidation, reduction, corro¬ 
sion, dehydration, de n atu rat ion, and vesication. The severity 
of injury depends on the type of chemical and its strength; 
the volume involved, the contact time, and the depth of pen¬ 
etration; and the chemicals mechanism of action. Corrosives 
(i.e,, sodium-containing drain and oven cleaners, phenol dis¬ 
infectants) denature proteins, resulting in erosion and ulcer¬ 
ation. Dehydrating chemicals (i.e., sulfuric and hydrochloric 
acids) desiccate tissues, and oxidizing agents (i.e., chromic 
acid, hypochlorite, potassium permanganate) coagulate pro¬ 
tein. Denaturizing agents (i.e., picric arid, tannic acid, acetic 
acid, formic arid, hydrofluoric acid) fix or stabilize tissue by 
the formation of salts. Vesicants (Le., dimethyl sulfoxide 
tharides, halogen a ted hydrocarbons, gasoline) liberate tissue 
amines (histamine, serotonin), causing blisters. 
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Suggested reading __ 

r'avJdtc MM: Atlas of sm&U animal reconstructive surgery, ed 2, 
Philadelphia, 1999, WB Saunders. 

Swim SF, Henderson RA: Small animat wound management, ed 2, 
Philadelphia, 1997, Williams & Wilkins. 
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TREATMENT 


FROSTBITE 


et 


Immediately alter chemical exposure, resultant burns should 
be flushed with large volumes of water to remove the chem¬ 
ical and prevent further injury. This dilutes the chemical and 
dissipates the heat of chemical reactions. After flushing with 
water, neutralizing agents, if used, are applied with gauze 

are loosely wrapped over the area for 20 
minutes. Hydrofluoric acid must be neutralized to stop pen¬ 
etration; apply aqueous henzalkonium chloride, which pre¬ 
cipitates residual fluoride ion. Ten percent calcium gluconate 
should then be injected into and around the lesion (0.5 
ml/cnr). The animal should be prevented from licking the 
wound to avoid chemical burns of the tongue, oropharynx, 

. Antimicrobials should be applied as de¬ 
scribed for thermal burns (see p, 188). Early debridement 
may prevent further chemical penetration and tissue de¬ 
struction, but excessive tissue removal should be avoided. 


2 


Severe or prolonged cold may cause necrosis of exposed tis¬ 
sues.. The extremities (Le 


s crof u m. m a m m a r v 


ear, t; 

glands, digits, and flank foi d s) a re mo st com m o n lv a ffe cted 
because of the sparse hair coat and poor peripheral circula¬ 
tion in these areas. Frozen tissue is pale, hvpoesthetic, and 
cool. Thawed viable tissue is hyperemic, painful, and scaly, 
Vuivftble tissue undergoes dry gangrene or mummification 
and sloughs. Superficial injuries involve skin and subcuta¬ 
neous tissue, whereas deep injuries extend beyond the sub¬ 
cutaneous tissues. Ice crystals form in intracellular and ex- 
tncellular spaces, causing cell damage and death. 
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and esophagus 


all 


in 


TREATMENT 


he 


The affected body parts should he rapidly rewarmed in 


:)■ 


warm water (39° to 42° C [102° to 107.6° FJ) for about 20 


st - 


Suggested reading 


minutes to improve circulation. Affec ted areas become ery- 
thematous and edematous, form large vesicles, and often are 
painful, necessitating analgesics (see Chapter 12). Topical 
aioe vera or silver sulfadiazine should be applied to the af¬ 
fected areas. Bandages are used to prevent self-trauma. Con¬ 
servative therapy should be continued until viable tissue can 
be distinguished from nonviable tissue (i.e,, 3 to 6 weeks). 
Necrotic tissue should then be debrided and the area recon■- 


iC- 




Mulcahy f, Rand J: Oral and dermal ulceration in a cat exposed to 
a quaternary ammonium compound, Aust Vet Pract 26:194, 


ep 
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Pavletic MM: Atlas of small animat reconstructive surgery .; ed 2 
Philadelph i a, 1999, W B Sa u nders. 

Swaim SF, Henderson RA: Smalt animal wound management , ed 2 
Philadelphia, 1997, Williams & Wilkins. 
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structed if necessary. Healing may be complete beneath the 
mummified tissue. 


nd 


uc 


RADIATION INJURY 
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>e- 


Suggesfed reading _ 

IT, Ini.. MM: Atlas of small animal reconstructive surgery , ed 2 
Pbiladelph ia, 1999, W B Sa un d ers . 


Radiant energy from roentgen ray tubes, radioactive ele¬ 
ments, luminous bodies, fluorescent substances, or the sun 
may cause injury. In animals, radiation injury usually is a 
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consequence of radiation therapy to cure or control tumors. 
There are four degrees of radiation injury: (l) cutaneous 

(2) superficial epidermal (dry) desquamation, 
(3) moist desquamation from loss of basal layers of epider¬ 
mis, and (4) necrosis with dermal destruction and irre¬ 
versible ulceration* Radiation injury may also be classified 
early (acute) or late (chronic) changes. Early, or acute, injury 
is characterized by the development of edema, erythema, 
and desquamation in the irradiated area within I to 4 weeks 
of radiation therapy. The skin may 

Late, or chronic, injury is marked by dryness, pigmentation, 
induration, loss of pliability, atrophy or thinning, telangiec¬ 
tasia, keratosis, a decrease in adnexal structures, ulceration, 
progressive fibrosis, and a progressive decrease in circula¬ 
tion. Late injury may become evident weeks to years after 
diation therapy 

Incision Into previously radiated tissue should be 
avoided, because healing is inhibited. Radiation delays 
wound healing by damaging proliferating micro vasculature, 
epithelial cells, fibroblasts, and myofibroblasts. Avoid or 
minimize surgical manipulations that may further compro¬ 
mise tissue. If surgery is to follow radiation therapy, it should 
be performed 2 to 8 weeks after therapy when radiation 
flammation is subsiding and tissue circulation is still suffi¬ 
cient for healing. 


Dernell WS, Wheaton LG; Surgical management of radiation 
jury II, Cornpend Cant Educ Praci Vet 17:499, 1995. 

Pavletic MM; Atlas of small animal reconstructive surgery ed 2, 
Philadelphia, 1999, WB Saunders. 

Swaim SF, Henderson RA: Small animal wound management, ed 2, 
Philadelphia, 1997, Williams & Wilkins. 
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SNAKEBITE 


*r moist or 


Snakebites can cause severe local tissue damage and systemic 
effects. Snake venom is an extremely complex mixture of en¬ 
zymes, proteins, and peptides; venom composition varies 
between species, individual snake, and bite. Venomous 
snakes in the United States include the Crotalidae (pit 
vipers) and Ekpidae (coral snakes) subfamilies. The Crotal¬ 
idae subfamily includes the copperhead, cottonmouth water 
moccasin, and rattlesnake. Pit vipers have a triangular head 
with facial pits between the nostrils and eyes and vertically 
elliptic pupils. Their fangs are hollow, retractable teeth near 
the rostral maxilla* Coral snakes, along with many nonpoi- 
sonous snakes, have round heads, no pits, and round pupils, 
Coral snakes have small fangs that are fixed in the cranial i 
maxilla. Their short fangs allow r them to hang from animal? 
they bite. Nonvenomous snakes have teeth but no fangs. I 
Coral snake venom is primarily neurotoxic, causing mod- j 
crate tissue reaction and pain at the puncture sites. There is 
a delay of several hours before the onset of systemic signs, 
which worsen gradually over 18 hours. The effects may last 7 
to 10 days. Neurotoxicity caused by coral snake venom is | 
characterized by central nervous system depression 
motor instability, and muscle paralysis. Coral snake enveno¬ 
ms t ion may cause lethargy tremors, ptosis, dysphonia, inco¬ 
ordination, and hematuria. Larger doses 
vomiting, salivation, defecation, and generalized parasympa¬ 
thetic stimulation, followed by paralysis and death. The pri¬ 
mary cause of death is respiratory paralysis. I 

Crotalid venoms are primarily enzymatic in activity (i.e, n 
phospholipase A, phosphatases, exopeptidase, hyaluronic!use. 
L-amino add oxidase, proteases, endopeptidase). These ven¬ 
oms are hem a to toxic, vase ulo toxic, and necro genic. They al- 

resistance and integrity of blood vessels, causing hy¬ 
potension and bleeding, affecting cardiac dynamics and 
nervous system function, and producing respiratory depres¬ 
sion and myonecrosis. Bites most commonly occur on the 
face and legs. Signs of envenomation vary and depend on the i 
species of snake, the volume of venom, and the size of the i 
victim. The bite of a pit viper usually produces two puncture 
marks surrounded by edema* The fang marks may bleed I 
Erythema, edema, and pain are immediate local effects. bn- j 
venom at ion has not occurred if these signs are not seen I 
within 20 minutes of the bite. Progressive 
sometimes local hemorrhage occur with moderate to severe 
envenomation. Tissue discoloration caused by petechiaeand 
ecchymosis occurs, followed by local tissue necrosis. Tissue 
damage varies with the depth of the bite and the amount of 

of crotalid envenomation 


ra- 


m- 


TRIATMENT 


For acute radiation injury treatment involves keeping the 
area clean, applying topical medications (a hydrogel con¬ 
taining acemannan, silver sulfadiazine, or aloe vera cream), 

mutilation* Most acute injuries heal 
within 10 to 14 days after conclusion of radiation therapy. 

For chronic radiation injury, debridement of ulcers 
should be conservative, removing only necrotic tissue. Eval¬ 
uating bleeding edges is not a reliable method of determin¬ 
ing viability in these wounds. Continual assessment and de¬ 
bridement are necessary to avoid removing tissue that will 
heal. After debridement, use topical antibiotics on irradiated 
wound beds, because this tissue may have decreased resist¬ 
ance to infection and poor regional vascularity, leading to 
unreliable delivery of systemic antibiotics to the wound. 
Complete excision of all irradiated tissue may be necessary 
with chronic radiation wounds. Wound closure is most suc¬ 
cessful when vascularized myocutaneous, cutaneous, mus¬ 
cle, or omental flaps are used. Flaps are created outside the 
irradiated area and transposed over the wound. Second in¬ 
tention healing and free grafts are apt to fail* 


preventing 


vaso- 


may cause 


NOTE * When excising tissue thof has been irradi¬ 
ated, be sure fo submit all excised tissue for histo¬ 
logic examination. 


Suggested reading 


Derndl WS, Wheaton LG: Surgical management of radiation in¬ 
jury. I, Cornpend Cant Educ Pract Vet 17:181,1995* 
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with the bite is relieved. This end point is difficult to deter¬ 
mine in animals, therefore antivenin should be given until 
serial examinations and coagulation profiles suggest that the 
animals condition is stable. The animal should be supported 
with intravenous fluids, and corticosteroids may help treat 
shock and reduce edema. Broad-spectrum antibiotics 
used to inhibit wound infection. Additional supportive care 
may include analgesics, sedatives, transfusions, and oxygen. 

Necrotic tissue should be treated as an open, infected 
wound (see p. 138). Wet-dry absorbent bandages (see p. 
should be applied until healthy granulation tissue 
formed. Then nonadherent absorbent bandages (see p. 149) 
should be used and the wound allowed to heal by second in¬ 
tention or reconstructed with flaps or grafts. 


lethargy, vomiting, diarrhea, hypotension, and 

salivation, thirst, 


usually are 

/ 

shock. Other signs may include anorexia 
lymph node pain, weakness, bradycardia or tachycardia, gen¬ 
eralized tremors, coma, tachypnea, pulmonary edema, 
nary and fecal incontinence, paralysis 
hemorrhage. Venom-induced coagulation defects may be se- 

Serious effects of envenomation, such as respiratory 
paralysis and acute renal failure, may not develop tor sever al 
hours; therefore animals should be monitored for a mini- 


* ■* 


, convulsions, and 


are 


MU 


mum of 24 hours after being bitten. 


TREATMENT 


Treatment goals include neutralizing the venom, treating 
systemic effects and wounds, and reconstructing tissue de- 
fects* The bite wound should be immobilized and excite¬ 
ment or exertion avoided. The wound should be lavaged and 


Suggested read i ng __ _ 

Driggers T: Venomous snakebites in horses, Compend Cont Educ 
Pract Vet 17:235, 1995. 

Hudelson S, Hu tie bon P: Pathophysiology of snake 

tion and evaluation of treatments. I, Compend Cont Educ Pract 

Vet 17:889, 1995, 

Hudelson S, Hudelson P: Pathophysiology of snake envencmiza- 
tion and evaluation of treatments. II, Compend Cont Educ Pract 


cleaned with antiseptics or germicidal soaps 
tourniquets or incision, suction, or manipulation ot the bit- 
ten area is rarely helpful and must be done immediately at- 

beneficial effect. These techniques 


envenom i za- 


ter the bite to have any 


also can easily cause additional tissue damage. A tourniquet, 
if applied, should be placed 10 cm proximal to the tang 
marks, should be lightly constrictive, and should be released 
every 30 minutes tor 60 to 90 seconds. However, tourniquets 
can prevent dilution of the venom and reduce tissue perfu¬ 
sion, thereby promoting ischemia and tissue 
The site should be dipped to facilitate examination for 
fang marks. Hospitalization and observation for systemic 
signs are indicated. The results of hemograms, coagulation 

profiles, urinalysis, and serum 
be monitored every 6 hours. Persistent decreased platelet 
counts and prolonged clotting times suggest progressive 

activity. Myoglobinuria indicates rhabdomyolysis, 

indicates hemolysis. The electrocardio- 

should be monitored The circumference of the ede- 

around the bite should be measured and 


Vet 17:1035, 1995. 


Hudelson 5, Hudelson P: Pathophysiology of snake envenomiza- 
tion and evaluation of treatments. Ill, Compend Cont Educ Pract 


n ecro sis. 


Vet 17:1385, 1995. 

Mansfield PD: The management of snake venom poisoning in 
dogs, Compend Contin Educ Pract Vet 6:988,1984. 

Marks SL, Mannella C, Schaer M: Coral snake envenom ization in 
the dog: report of four cases and review of the literature, / Am 

Anim Hasp Assoc 26:629,1990. 

Swaim SF, Henderson RA; Small animal wound management , ed 2, 

1997, Williams ik Wilkins, 
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PRESSURE SORES 




recorded to monitor progression. 

(Antivenin Crotalidae Polyvalent or North 

American Coral Snake Antivenin) should be administered 

only if a snakebite is known to have occurred. It should be 

administered as soon as possible to limit tissue necrosis and 

prevent systemic reactions. P re treating with antihistamines 

and skin testing the animal with antivenin before intra- 

administration may prevent anaphylactic reactions. 


Pressure is exerted on bony prominences when animals lie 
down. Animals incapable of or unwilling to change positions 
are prone to pressure sores (Table 18-6). Large dogs that are 
sick, debilitated, or paralyzed are most susceptible to pres¬ 
sure sores. The lateral humeral epicondyle, tuber calcaneus, 
greater femoral trochanter, tuber coxae 
tuberosity are most susceptible to pressure sores. Less com- 

of the scapula, lateral tibia! 

condyle, lateral malleolus, olecranon, and sternum, Soft tis¬ 
sues, including skin, loose connective tissue, lat, deep fascia, 
and periosteum, cover these prominences. All intervening 

tissues are compressed when pressure is exerted on a bony 

Typically, repeated trauma and inflammation 

mild, and protective callus develops. Prolonged or 

leads to soft tissue ischemia and cell death. Bio- 

free radicals, thromboxane) occur 


Antivenin 


c 


se 


in- 


al- 


, and ischiatic 


md 


venous 

however, the correlation between intradermal skin testing 
and the predictability of early antivenin reactions is poor. 
Recommended antivenin doses range from l to 5 vials. The 
number of vials used is directly related to the clinical signs, 
ik animal's body fluid volume, and the location of the bite, 

or in small animals may require 50% 

more antivenin than those found elsewhere on the body or 


:es- 


mon sites are the 


ac ro m to n 


the 


the 


ture 

eed. 


Snakebites on digits 


prominence. 


severe 


are 


seen 

and 

: ve r e 


not known how long an- 
affer envenomation and still be effective, 
administration after 8 hours is of questionable value. Some 
evidence in mice and rabbits indicates that antivenin may 
Tive vume benefit for at least 60 hours after envenomization. 
In human beings, antivenin is given 


■.n larger animals. Although it is 


compression 

chemical changes (oxygen 
in ischemic tissue and contribute to necrosis. Pressure sores 

recumbent for long periods because 


m emn can be given 


form when animals are 
of paralysis, fractures, injuries, or illness. Pressure sores may 

also develop under improperly fitted or padded casts and 


issue 

nt of 

at ion 


associated 
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TABLE 18-6 


Pressure Sore Classification and Treatment 


TREATMENT 


C LASS! F (CATION DESCRIPTION 


Wound cleansing, debridement, bandaging, second in¬ 
tention healing 

Wound cleansing, surgical or bandage debridement, 
bandaging, and second intention healing or wound 

ry closure, delayed primary do* 


Dark red erythema with superficial to partial 

skin loss 

Full thickness skin loss (ulcer) extending into the 
subcutis 


Grade I 


Grade II 


excision and prima 
sure, or secondary closure 
Treatment as for grade II, but drains may be needed 
with undermined edges; muscle flaps or myocuta- 
neous flaps and partial excision of the bony promi¬ 
nence may be necessary 

Treatment as for grade III, but sinus tracts and pockets 

ised or opened 


Ulcer extends through subcutis to deep fascia 
overlying bony prominences; edges may be 

undermined 

Ulcer extends to bone; osteomyelitis or septic 
joint [or both) may be present 


Grade III 


Grade IV 


may need to be 


performed a tier healthy granulation tissue has formed in 
large, deep wounds. Skin edges should be undermined and 
apposed il possible* Skin flaps (he., local advancement, trans¬ 
position, axial pattern, or 


be prevented by providing well-padded 

mattress, fleece), by reposi- 


bandages. They can 
bedding (he., water mattress, 
tioning the animal frequently, and by keeping it dean and 

should be checked daily for signs of 
hyperemia, moisture, easily epi- 


musculocutaneous [see pp. 165 to 
182 to 186) may be needed fora 

tension- free closure. Suture lines should not be positioned 
over bony prominences, A well-padded bandage and a 
soft-padded bed should be used to protect the site during 

healing. Ulcers may recur 


dry. Bony prominences 
an impending ulcer (he 

lated hair). 


1821) and grafts (see pp. 


begin developing, blood vessels dilate 


As pressure sores 
and inflammatory edema of skin and subcutaneous tissues 

occurs* If trauma persists, tissues break down, causing a 

hematoma or an open sore. Untreated hematomas are not 

absorbed because the surrounding tissues have been dam¬ 
an d yellow to red. Tissues 


if the cause goes uncorrected 


Su ggested reading 

Nicoll SA, Remedies AM: Recumbency in small animals: PathO- 
physiology and management, Compend Cont Educ Tract Vet 

17:1367, 1995. 

Pavletic MM: Adas of small animal reconstructive surgery, ed 2, 

Philadelphia, 1999, WB Saunders. 

Swann SF, Henderson RA: Small animal wound management, ed 2, 

Philadelphia, 

Swaim SF, Hanson RR, Coates JR: Pressure wounds in 
Compend Cont Educ Tract Vet 18:203, 1996. 


aged. The fluid is mucinous 

thicken around the hematoma, forming a false bursa 

is thick and tough, com- 


groma). The wall of the hygroma 

posed of granulation tissue and collagen* The lining of thi 

sac is pale and smooth or rough with ii 
protections extending into the lumen. Open sores may in 
volve the epidermis and dermis or may extend through sub 
cutaneous tissues and fascia to bone. Osteomyelitis or septic 


s 


rregular, villuslike 


ani mals, 


arthritis may develop 


TREATMENT 


ELBOW HYGROMA 


Early pressure sores are treated by padding bedding (sheep¬ 
skin, foam rubber, water bed) and bandaging the limb or us- 

over the bony 


An elbow hygroma (elbow seroma, olecranon bursitis) is a 
fluid-filled cavity surrounded by dense fibrous connective Lis- 

the lateral aspect of the olecranon (Fig. 

18-36), Caused by chronic trauma, elbow hygromas often oc- 
bilaterally as painless swellings. Most occur in young dogs 
(6 to 18 months old) of large breeds before a protective calk 
forms over the bony prominence; however, they may occur in 
older animals with neuromuscular disease. Some dogs with 

subcutaneous fat are predisposed to hy- 

p a in fro m o the r o rtho- 


or side bars to eliminate pressure 

A well-padded, doughnut-type bandage or 


mg siings 
promine nee 

pipe insulation bandage should be applied to prevent 
trauma (see p. 150), In addition, the skin must be keep dean 
and dry. Treatment for open or chronic pressure sores is 

ilar, but the response is poorer (see 
wounds should be treated with topical antibiotics (see p* 
139) and wet-dry bandages (see p, 148) to encourage de¬ 
bridement and granulation. When deep ulcers are present, 
dead space should be drained and infected tissues and bone 

surgically debrided* 

Small superficial wounds may 
However, healing by second intention may not provide a sur¬ 
face durable enough io prevent rein jury. Secondary closure is 


at occurs over 


cur 


Table 18-6). Open 


thin skin and sparse 
gromas. Others with hip dysplasia or 


on the elbows while 


pedic disease may 


exert excess pressure 

sternal recumbency. Elbow hygro- 


positioning themselves in 

mas vary in size, becoming larger and thicker with repeated 

are sterile initially but bacteria maybe 


heal bv second intention. 


tr auma. They usually 


4 
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fig ia 


Elbow 


over 




FIG 18-37 

Lick granulomas often occur En the carpal-metacarpal or 
il-metatarsal area. They are sparsely haired, thickened, 


tti e olecra n o n fa rro wsj. 


tarsa 

firm, ulcerated, erythematous, and surrounded by a 
hyperpigmented halo. 




introduced during aspiration. Infected hygromas are painful* 
Small, painless hygromas are cosmetic problems that persist 
if not treated. Hygromas also occur over other bony promi¬ 
nences (Le*, tuber calcaneus, greater trochanter, tuber coxae, 
tuber ischium, external occipital protuberance, and thoracic 
vertebral dorsal spinous processes)* 


rupted sutures. The cavity lining should be debrided and 
lavagedj and Penrose drains should be placed before closure* 
Complete excision of fibrous tissue is unnecessary. Suture 
lines should be positioned medial or lateral to the olecranon 
if possible. It is difficult to excise large hygromas and close 
the wound without using skin flaps (Le., axial pattern | see p. 
169], pedicle [see p. 165], or myocutaneous [see p. 174}). 
The limb should be bandaged for a minimum of 4 weeks. An 
external coaptation splint (Le., spica bandage; see p. 823) 
protects and pads the elbow. 

Suggested reading 

Swaim SF, Henderson RA: Small animal wound management, ed 2, 
Philadelphia, 1997, Williams & Wilkins* 




1 


TREATMENT 


3 


The primary treatment for elbow hygromas is elimination ot 
repeated elbow trauma (i.e„ soft, padded bed and padded el¬ 
bow bandage). A spica-type bandage or elbow splint may be 
needed to prevent slippage (see p. 823). Aspiration of the hy¬ 
groma is of little benefit and may introduce bacteria. Al¬ 
though surgery should be avoided if possible, development 
of a fibrous capsule or infection may necessitate it. Infection 
requires drainage and administration of appropriate antibi¬ 
otics. Prolonged drainage may be obtained by placing Pen- 
rose drains in the hygroma. The advantage of this technique 
is that the protective callus is preserved. Penrose drains 
should not be used on ulcerated hygromas. 


a 


d 


a 


g 


o - 


r et 


2 , 


LICK GRANULOMA 


2 , 


For non ulcerated (infected or sterile) hygroma s, prepare the 
limb for aseptic surgery and moke several dorsal and ven¬ 
tral stab wounds /nib the hygroma cavity. Probe the cavity f 
breaking down fibrous septa , and lavage it. Place several 

Penrose drains in the hygroma cavity and secure them. Ap¬ 
ply a nonadherent f absorbent bandage (see p. 149) to ab¬ 
sorb drainage and prevent trauma . Change the bandage 

hen drainage becomes minimal 

2 to 3 weeks). Con- 


Lick granulomas (acral lick dermatitis, acral pruritic nodule, 
acropruritic granuloma, psychogenic dermatoses, neuroder¬ 
matitis) are self-induced by continuous licking or chewing. 
They usually are single and unilateral and may occur any¬ 
where, although the cranial aspect of the carpus-metacarp us 
and the lateral aspect of the tarsus-metatarsus are most com¬ 
monly affected. They usually occur in older, male, large-breed 
dogs, especially Labrador retrievers, German shepherds, 
Great Danes, and Saint Bernards. Although wounds, foreign 
bodies, infections, and musculoskeletal pain maybe initiating 
factors, most lick granulomas are believed to be psychogenic 
(obsessive-compulsive disorder) and associated with bore¬ 
dom, inactivity, or environmental change. The lesion is 
sparsely haired, thickened, firm, ulcerated, erythematous, and 
surrounded by a hyperpigmented halo (big. 18-37). Superfi¬ 
cial tissues may erode and expose bone* Dermatologic exam¬ 
ination, skin scraping, fungal culture, biopsy, radiographs, 
electro diagnostics, allergy testing, thyroid function testing, 
and/or hypoallergenic diet trials may be needed. Radiographs 

may reveal periosteal proliferation secondary to soft tissue 


Us, 


cfai/y Remove the drains w 
and scar tissue adherence occurs (Le., 

fini/e to bandage the elbow for at least I week after remov 

mg tire drains or until healing is complete. 


s a 


tis- 


ifig. 


O gs 


surgically excised when fi 


Occasionally hygromas 
brous tissue, fistulae, or infection develops without a large, 
fluid-filled cavity* The naturally protective callus is removed 
during excision, and postoperative management often is 
complicated, Incisions may dehisce and ulcerate, bandages 
are difficult to maintain, and recurrence is common* 


Hus 


r 


vith 


hy- 


tho- 


1 bile 


Wounds that dehisce may not heal* Small hygromas can be 
excised and the defect closed by undermining and advancing 
local tissue until skin edges can be approximated with inter- 


gr cr¬ 
ated 
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n cur a 11 u b c d e fe ct caused by i n co m p le te s e p a rat ion of skin 
and the neural tube during embryonic development. Sinus 
depth varies; some are super tidal, whereas others extend to 
the supraspinous ligament or dura mater, They are most 
common in Rhodesian ridgebacks, occurring along the dor¬ 
sal midline cranial and caudal to the midline ridge. They also 
have been reported in a Shih Tzu, Yorkshire terrier, English 
bulldog, Siberian husky, Great Pyrenees, chow chow, bocr- 
boelj and boxer. Multiple or single draining tracts maybe 
identified, especially in the cervical region. Cervical sinuses 

attached to the dorsal spinous process of the 
second cervical vertebra. Because the lesion is believed to be 
hereditary (simple recessive gene) in Rhodesian ridgebacks, 
affected animals should be neutered. 

Lesions can be recognized at a young age as openings on 
the dorsal midline with protruding hair, A tube or cord is 
palpated in the subcutaneous tissue when a skin told is ele¬ 
vated in the area of the sinus. The cord is 1 to 5 mm in di¬ 
ameter and courses toward the spine. Cystlike subcutaneous 
swellings may also be palpated. The lumen of the sinus is 
filled with inspissated sebum, exfoliated keratin debris, and 
hair. Sinus infection and abscessation may occur. Myelitis, 
meningomyelitis, or encephalitis can occur if the infected si¬ 
nus extends to the spine. 

Samples should be collected for cytologic studies and mi¬ 
crobial culture and sensitivity testing. Metrizamide fistulog- 
raphy and myelography may reveal spinal communications. 
Excised tissue should be submitted for histologic examina¬ 
tion to rule out other causes of draining tracts. Differential 
diagnoses include foreign bodies, sebaceous cysts, abscesses* 
epidermal inclusion cysts, follicular retention cysts, and in- 
tracutaneous cornifying epitheliomas, The histology of the 
dermoid sinuses is consistent with normal skin plus adnexa. 


inflammation or associated arthritis, osteomyelitis, osteosar¬ 
coma, or foreign bodies. Biopsy to rule out neoplasia and 
deep cultures to determine bacterial involvement and antimi¬ 
crobial sensitivity are recommended* 


TREATMENT 


Treatment should be initiated before the lesion becomes 
chronic and unresponsive. If an underlying cause is identified, 
it should be treated or eliminated. Initially, administer long¬ 
term antibiotic therapy (45 to 90 days) based on culture and 
susceptibility results and use bandages and restraint devices. 
Previously recommended treatments have included activity or 
environmental modification, bandaging, collars, muzzles, top¬ 
ical antichew agents, glucocorticoids, orgotein, radiation ther¬ 
apy, cryosurgery, surgical excision, behavior modifying drugs 
(phenobarbital, diazepam, hydroxyzine, naltrexone, hy- 
drocodone), cobra venom, acupuncture, and other medica- 

fluocinolone acetonide, flunixin meglumine, di¬ 
methyl sulfoxide, proteolytic enzymes, progestogens). The 
results have been inconsistent, and recurrence is common. 

Recent treatment investigations have shown beneficial 
results using serotonin reuptake-blocking drugs (clo¬ 
mipramine, 0.25 to 1 mg/kg/day; fluoxetine hydrochloride, 
0.1 to 1 mg/kg/d ay; sertraline hydrochloride, i mg or less/kg/ 
day; amitriptyline, 1 to 3 mg/kg twice a day; or imipramine, 
2 to 4 mg/kg/day POJ and electronic stimulation (Wynchank, 

Berk, 1998; Eckstein, Hart, 1996; Rapoport, Ryland, 1992)* 
Although not commonly performed, surgical excision of a 
lick granuloma followed by reconstruction using direct ap¬ 
position, flaps, or grafts is possible* The surgical site should 
be protected with a bandage until suture removal. However, 
the lesion usually recurs at the same or a different site unless 
the causative factor or factors are eliminated. 


generally are 


TREATMENT 


References 


Dermoid sinuses may be resected if they are associated with 
drainage or neurologic signs. Strict asepsis is essential to 
avoid postoperative meningitis if the sinus extends to the 
dura* Incomplete excision may occur if the sinus attaches to 
the dura and causes a chronic draining lesion* The progno¬ 
sis is guarded if neurologic signs occur before surgery. 




Eckstein RA, Hart BL; Treatment of canine acral lick dermatitis by 
behavior modification using electronic stimulation, / Am Anim 
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Wynchank D, Berk M: Fluoxetine treatment of acral lick dermatitis 
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Clip and oseptically prepare a large area around the sinus 
Pos ition the dog i n ve n fra I rec urn bency and make an 
incision around the sinus opening , Carefully dissect the sinus 
to its origin and free its attachment Divide or split the nuchal 
ligament if necessary. Perform a laminectomy or hemil¬ 
aminectomy lsee pp , 1270-1274) if the sinus tract extends to 
the dura . Lavage thoroughly before closure r if the nucha/ //g- 
ament has been transacted, reappose it with a locking loop 
or modified Bunnell suture pattern (see p. 52). Appose mus* 
c/es and deep tissues with interrupted absorbable sutures to 
eliminate dead space (e.g., 3-0 or 4-0 polydioxanone or 
polyglyconate). If a large amount of dead space is still pm * 
ent / place a closed suction drain at the site, Appose suhe^ 
taneous tissues and skin routinely. Submit tissue samples fer 
culture and sensitivity testing and histologic evaluation * Give 


Suggested reading 




Rivers B, Walter PA, McKeever PI: Treatment of canine acral lick 
dermatitis with radiation therapy: 17 cases (1979-1991),/ An! 

Anim Hasp Assoc 29:541, 1993* 

Swaim SF, Henderson RA: Small animal wound management , ed 2, 
Philadelphia, 1997, Williams & Wilkins. 




DERMOID SINUS (PILONIDAL SINUS) 


A dermoid sinus or cyst is a tubular skin indentation that ex¬ 
tends ventraliy as a blind sac from the dorsal midline. It is a 
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REDUNDANT SKIN FOLDS 


analgesics and antibiotics and bondage the site after 
gery 

Suggested reading __ 

Angara no DW, Swaim SF: Congenital 
editor; Disease mechanisms in 
Philadelphia, 1993, Lea & Febiger. 


Neuter affected a n i mo Is, 


Redundant skin is characteristic of some breeds and is exac¬ 


erbated by obesity* Chronic skin overlap or apposition ere- 

f r 

ates skin folds of varying depths. Pyoderma occurs in the 

(intertriginous dermatitis) because they 
provide a poorly ventilated, dark, warm, moist environment. 
Organisms commonly involved include staphylococci, strep¬ 
tococci, E. colly pseudo monads, Proteus spp 

Friction at contact points, retention of secretions, and 


skin diseases. In Rojrab ML 
small animal surgery ed 2, 


skin fold recesses 


and Candida 


SPP- 

bacterial proliferation cause skin maceration and superficial 
ulceration. Affected areas become painful and foul smelling, 
causing the animal to further traumatize the area by scoot¬ 
ing, rubbing, licking, or scratching* 

Skin fold resection is the most effective treatment for 
skin fold pyoderma (see below)* First, medical therapy 
should reduce infection, inflammation, and secretions or 
exudates. Medical therapy consists of dipping hair from 
the folds and surrounding area, applying topical antibac¬ 
terial solutions and medicated soaps, using antis eborrhek 
shampoos and astringents, and giving appropriate systemic 
antimicrobials. Culture and sensitivity testing is necessary 
select the appropriate antimicrobials* Corticosteroids 
sometimes are needed to reduce pruritus-induced self¬ 
trauma, Weight reduction is beneficial for obese animals. 
Continuous medical therapy is palliative, not curative. The 
gical site must be kept dean and dry and protected from 
trauma* Continued antimicrobial therapy may be neces¬ 
sary. Genera! complications of skin fold resection and re¬ 
construction are 
pyoderma recurrence. 


INTERDIGITAL PYODERMA 


Interdigital pyoderma (granuloma, acne, furunculosis, fol- 

bacterial pododermatitis that may coexist 


liculitis) is a 

with other conditions. Sometimes erroneously called an 
interdigitai cyst, pododermatitis may be caused by para¬ 
sites, allergies 

bolic, neurologic, or autoimmune disease* Bacterial infec- 

secondary to demodicosis, allergy, 


mycoses, irritants, neoplasms, and nota¬ 


tions usually occur 

hypothyroidism, or hyperglucocorticoid ism. Immunosup¬ 
pression is suspected in some animals* The primary bacte¬ 
ria] pathogen is Staphylococcus intermedius; secondary op¬ 
portunistic bacteria include Proteus spp., R aeruginosa , 

and E. coll 


y 


1 


to 


Varying degrees of pruritus, pain, paronychia, swelling, 

erythema, and hyperpigmentation 
pustules or nodules, draining tracts, and ulcers may be pres- 

interdigital fibrosis and 


common. Papules 


are 


sur 


5*. 


cut. Chronic infections may produce 
pyogranulomas. Antibiotic and steroid therapy may cause 
remission, but recurrence is common* The underlying cause 
should be identified and treated. Diagnostics include hema- 

biochemistry profiles, urinalysis, skin 


i- 


al 


self-trauma, infection, dehiscence, and 


s 


l- 


lologic and serum 
scraping, culture and sensitivity testing, cytologic studies, 

and biopsy. Consider referring animals that do not respond 
to conservative treatment to a dermatologist. 


re 


UP FOLDS 


;a* 


Breeds with excessive mandibular labial tissue (large pendu- 

spaniels, Saint Bernards, Newfoundlands, 

Labrador retrievers, golden retrievers, Irish setters) most 
commonly have lip fold dermatitis. It may also occur after 

partial maxillectomy 
occurs 

saliva accumulate. Affected dogs rub and paw the face, and 
the skin becomes inflamed and thickened. Halitosis and pru¬ 
ritus are the most common presenting complaints* 


lous lips) (e*g 


th 


TREATMENT 


to 


mandibulectomy* The fold usually 
behind the mandibular canine tooth, where food and 


Conservative surgical treatment involves incision, explo- 

and debridement of all fistulous tracts. Lesions 
should be medicated with antibacterial agents (e.g., 
dilorharidine, povidone-iodine, nitrofurazone) and band- 
ged for 24 to 48 hours. Subsequently they should be soaked 
with an antibacterial solution for 15 to 20 minutes twice 
daily. Oral antibiotics chosen on the basis of sensitivity test¬ 
ing results are continued for 6 to 8 weeks. Lesions that fail to 
respond to this treatment may require fusion podoplasty 

(see p* 209). 


he 


to 


io~ 


a 


\us. 


Lip Fold Resection (Cheiioplasty) 

Position the anesthetized animat in dorsal recumbency to 
allow access to both lips. Clip and osepti colly prepare the 
mandibular area {Fig , 18-38, AJ, Make an elliptic incision 
around the affected area , paralleling the horizontal ramus 
of the mandible (Pig. 18-38 , BJ. The incision may involve 
the mucocutaneous junction. Elevate and remove the out¬ 
lined skin segment, preserving underlying muscles. Control 

ith ligation , electrocoagulation, and pres- 
Assess the adequacy of resection and excise addi- 

ite and appose subcu- 
with continuous or 


Otic 


nus 


:hal 


Is to 


Suggested reading 


tig- 


oop 


Be'|ah IR; Intertriginous dermatitis. In Bojrab ML editor: Disease 
mahamsms in small animal surgery, ed 2. Philadelphia, 1993, Lea 

& Febiger. 

Swaim SF, Henderson RA: Small animal wound management f ed 2, 

Philadelphia, 1997, Williams & Wilkins. 

Swaim SF et al: Fusion podoplasty for the treatment of chronic fi¬ 
brosing interdigital pyoderma in the dog, / A m Anitn Hasp Assoc 


hemorrhage w, 


s 


sure. 

tional skin if necessary t Lavage th 
taneous and subcuticular tissues 
interrupted approximating sutures fe.g., 3-0 or 4-0 poiy- 
dioxanone t pol/g/eooprone 25 , or polyglyconate). Place 


e or 
yres- 
heu- 


e s 


for 


s 


Give 


27:264, 1991. 
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FIG 1 8-38 

A, Cheiloplosty for lip fold dermatitis. B, Make an elliptic incision and excise the infected 
skin, C, Appose healthy skin edges with approximating sutures. 


interrupted oppositional sutures in the skin (e g3-0 or 4-0 

polypropylene or nylon) (Fig. 18-38 , C). Use an 

bucket to prevent self-inflicted trauma to 
the surgical site . Keep the area clean and dry ; removing 
food and saliva as needed. 


thus of the eye and the commissure t make a 2.5 - to 3 - 
horizontal , full thickness incision through the maxillary skin 

at the site of tautness (Fig, 18-39, BJ. Adjust the length af 
the incision to match the breed size. Control hemorrhage 
with ligation or electrocoagulation. The dorsal labial vein j 
lies just dorsal to the proposed incision site . Use scissors to 
remove a 2-mm strip of mucosa adjacent to the mucacuta- 

cm rostra I fo ■! 


cm, 


be than collar 


or 


Antidrool Cheiloplosty 

Dogs whose face and neck are constantly wetted by saliva are 
candidates for this procedure. Antidrool cheiloplasty 
(chdlopexy) reduces the loss of food and saliva from the lat¬ 
eral vestibules of the oral cavity when there is excessive ever¬ 
sion or denervation of the lower lip. This is accomplished by 
suspending the lower lip from the inside of the upper cheek. 
Oral function usually is normal after surgery, but inflamma¬ 
tion and infection occasionally occur at the surgical site. 
Permanent flap adhesion and cheek scars are expected. 

Po sition the a n es th e tized patient in la /era / rec u m bency. Cl ip 
the lateral face , lavage the oral cavityand aseptically pre¬ 
pare the skin for surgery Grasp the lower lip 2 to 3 cm ros- 

commissure and elevate it dor sally until the lip 
is taut when the dog's mouth is completely opened (Fig. 
18-39, A). The site of maximum tautness usually is near the 

level of the caudal root of the upper fourth premolar. Be¬ 
ginning near an imaginary line between the medial con¬ 


junction of the lower lip , beginning 2 


neous 

the commissure 


and extending 2.5 cm fF/'g. 18-39, C| Cre¬ 


ate 0.5- fo 0.75 cm mucosal and skin flaps by undermin¬ 
ing on each side of the incision (Fig. 18-39 f Dj. Place stay ■ 
sutures at the rostral and caudal aspects of the flaps . Fvert 
the flaps through the cheek incision with the stay sutures 

(Fig. 18-39 \ EJ. Secure and bury the flap edges in ffal 

cheek skin incision with three to four p re placed vertical 
mattress sutures (e.g ,, 2-0 or 


or nylon)] 

(Fig. 18-39, F and G). Add additional approximating skin 
sutures if necessary to achieve good skin apposition , Repo-1 
sition the patient and repeat the procedure on the other 
side. La vage th e ora I ca vity wi th wa ter o fter meals. Fit th e 
dog with an Elizabethan collar or bucket to prevent self- 
inflicted trauma if necessary. Remove sutures at 21 days, 
Delay suture removal because constant lip movement may 
interfere with healing. Do not permit retrieving or 
for 2 months after surgery. 


3-0 polypropylene 


tral to the 


chew toys 
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FIG 1 8 39 


that drool excessively, elevate the everted lip dorsally until it i 

2.5- to 3-cm horizontal, full 


is 


For 


A 




is opened maximally. B, Make a 

xillary skin at the site of taufness near the upper fourth 

premolar, C, Remove a~2-mm wide strip of mucosa 2.5 cm long from the mucocutaneous 
junction of the lower lip beginning 2 cm rostral to the commissure. D, Create 0,5- to 
0.75-cm flaps. E, Evert the flaps through the skin incision, F and G, Secure with vertical 

mattress sutures. 


taut 


/an 


thickness incision th 


e ma 


l Q 


ige 


s to 


through the skirt folds in unmac- 


elliptical incision around or 
erated tissue. Keep ihe caudal incision approximately 1 cm 

from the medial canthus. Undermine and remove the 


NASAL FOLDS 


rl to 


Brachycephalic breeds (i.e., English bulldogs, French bull- 
dogs, Pekingese, Boston terriers, pugs, Persian cats) charac- 
i eristic ally have facial or nasal skin folds across the bridge of 
the nose. Prominent folds cause pyoderma and a foul odor. 
Hair rubbing on the cornea is associated with keratitis, ul¬ 
ceration, epiphora, pain, and blepharospasm. Facial folds re¬ 
main moist and become stained secondary to epiphora. Fold 
resection and ophthalmic medications are necessary. Exci¬ 
sion of too much skin may cause ectropion or promote 
dehiscence. 


re- 


away 

utlined skin segment Avoid traumatizing the nasolabiaiis 
muscle and facial vessels during dissection. Control hemor 
rhage with ligatures, electrocoagulation , and pressure. 

with sterile saline . Bury three or four inter 


run- 

stay 

:vert 

tires 


□ 


[□verge the area 
rupted sutures in the subcutaneous and subcuticular tissues to 

align and appose the skin edges and assess the adequacy of 
resection. Resect more skin if skin recesses remain . If 
sary ; undermine the skin edges to allow apposition without 

Place additional interrupted, subcuticular sutures 

fe,g., 4-0 polydioxanone , poliglecaprone 25, or polygly- 
conatej with buried knots . Use approximating skin sutures 

4-0 n ylon or polypropylene) and cut the ends sfoart to 
prevent further corneal irritation . Place an Elizabethan collar 
or bucket to prevent self-trauma . Keep the site free of exu¬ 
dates and ocular discharge . Continue to medicate the eyes . 


the 


"fica/ 

yton) 


n eces - 


!epo- 

otber 


tension. 


Nasal Skin Fold Resection 

Position /he portent in ventral recumbency Protect the eyes 
with c petrolatum-based ophthalmic ointment, Clip and 
aseptieof/y prepare the dorsum of the nose and lips . Estimate 
rhe amount of skin that must be resected to eliminate the skin 
folds without causing excess tension or ectropion. Make 


•it 


t seif- 
days. 

f may 

<v toys 


fe.g 


-/ 
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VULVAR FOLDS 


Swaim SF, Henderson RA: Small animal wound management, ed 2, 


Philadelphia, 1997, Williams Sc Wilkins, 


Vulvar skin folds occur in obese females and those with In¬ 
fantile, recessed vulvas* Urine and vaginal secretions are 
trapped by the skin fold, resulting in superficial peri vulvar 
dermatitis. Clinical signs include perineal pain, odor, and 
urinary tract infections. Lpisioplasty is a vulvar reconstruc¬ 
tive procedure that removes the skin fold (see p. 625 for a de¬ 
scription of the technique). Skin fold pyoderma should he 
resolved medically before surgery. Complications include in¬ 
flammation, swelling, infection, dehiscence, and recurrent 
peri vulvar dermatitis. Excessive suture line tension may 
cause dehiscence. Perivulvar dermatitis recurs if the amount 
of skin excised is inadequate* 


CAUDECTOMY 


Caudectomy, or amputation of a portion of the tail, which is 
performed to comply with breed standards or tradition, is 
ethically and morally controversial* Therapeutic caudectomy 
is indicated for traumatic lesions, infection, 
possibly perianal fistula. The tail should be amputated with 
2 to 3 cm of normal tissue margins when resecting tumors 
or traumatic lesions. Amputation should be performed near 
the anus if the end of the tail chronically bleeds because of 
repeated abrasion or chewing. Amputation near the base is 
recommended for avulsed tails and if necessary for tail fold 
pyoderma and perianal fistula* 


and 


TAIL FOLDS 

Redundant skin often overlaps deformed terminal caudal 
vertebrae ( M screwtails” “corkscrew 31 tails, ingrown tails)* Tail 
fold pyoderma occurs most commonly in brachycephalic 
breeds but has also been reported in Schipperke dogs and 
Manx cats. The skin fold may be several inches deep with se¬ 
vere pyoderma. The depth of the folds varies with the ani¬ 
mat’s size, amount of fat, abundance of skin, and degree of 
vertebral deviation. Fecal contamination, licking 
ing exacerbate the condition. Signs include perineal pruri- 
pain, odor, ulcers, and fistulous tracts. Differential diag¬ 
noses should include perianal fistula, anal sacculitis, perianal 
tumors, trauma, and foreign bodies. Draining tracts should 
be probed or a fistulogram performed to determine their site 
of origin. To remove all skin recesses at the tailhead, com¬ 
plete caudectomy is necessary (see also p. 200). 

Toil Fold Resection 

perioperative antibiotics based on skin fold culture and 
sensitivity results . Scrub /be skin folds separately from the re¬ 
mainder of the surgical field. Resect the tail and s kin folds en 
bloc , taking care during dissection to avoid penetrating the 
skin folds or traumatizing the rectum . Manipulate the tail with 
bone-bolding forceps or towel clamps. Ankylosis or severe 
ventral deviation may make the vertebrae immobile * Transect 

ial to the deviated vertebrae with Gigli wire or a 
bone cutter if the intervertebral space cannot be toco fed. 
Smooth sharp bone edges with rongeurs, lavage thoroughly 
and insert Penrose or closed suction drains before apposing 
the subcutaneous tissues with absorbable sutures (e.g., 3-0 or 
4-0 polydioxanone, poliglecaprone 25 , or polyglyconote). 
Drains should exit ventral to the incision and lateral to the 
anus . Close the skin with nonabsorbable su tores (e.g. f 3 0 or 
4-0 nylon , polybutester ; or polypropylene). Keep the area 
clean and free of exudate and fecal contamination by apply¬ 
ing warm , moist compresses two or three times daily for 15 

to 20 minutes. Remove drains in 3 to 5 days. 

Suggested reading 

Harari J: Surgical complications and wound healing in the small ani¬ 
mal practice, Philadelphia, 1993, WB Saunders. 

Pavletic MM: Plastic and reconstructive surgery, Vet Clin North Am 

Small Anim Pract 1:20,1990, 


CAUDECTOMY IN PUPPIES 


Cosmetic caudectomy (he., tail docking) in puppies is per¬ 
formed between 3 and 5 days of age. Traditionally anesthesia 
has not been used; however, better understanding of pain and 
its management dictates the use of local anesthesia, with or 
without sedation* One protocol for sedation and analgesia be¬ 
gins with intranasal diazepam (0.1 mg/100 g) followed 3 min¬ 
utes later by intranasal ketamine hydrochloride (1 mg/lGOgJ 
and then 5 minutes later by a local anesthetic ring block prox¬ 
imal to the proposed incision (Amarpal et al., 1997). If caudec- 
tomy is not performed during the first week of life, it should be 
delayed until the puppy is 8 to 12 weeks old and performed us¬ 
ing general anesthesia. The desired tail length should be deter¬ 
mined by referring to breed standards and consulting with the 
owner (Table 18-7), Healing after caudectomy in puppies usu¬ 
ally is uncomplicated. Puppies rarely irrilate the surgical site, 
but bitches may lick sutures out within a few days. 


sc oo t - 


Give 


Have an assistant restrain the puppy. Clip and asepticolif 
prepare the proposed site of resection. Retract the tads sxlfl 
toward the tailhead, immobilize the tail between the fhi/rtfi 
an d i n dex fi ngey and apply pres s ure to help con tool hemor¬ 
rhage (Fig, 18 - 40 , A). Palpate the desired transection srte* 
Transect the tail between adjacent caudal vertebrae wiit 
Mayo scissors, nail trimmers , scalpel blade , or a toi 
docker/cufter (Tail Docker/Cutter), Vbu may use scissoisto 
assist with skin retraction. Place the ventral blade at the de- 1 
sired transection site. Position the dorsal blade more disldly 

perpendicular] 

firm contact with the skin to push 


at an oblique angle * Rotate the blades into 

position while maintaining 
the skin cranially; maintaining the scissors in this 
transect through an 
Control hemorrhage with pressure 
the retracted skin over 


positm, 

intervertebral space (Fig. 18-40, BJ. 

or electrocautery. Extern 


the toil 


rem ami ng 
if necessary. Appose skin edges wrt 


assess 


length, and resect more 
two or three approximating sutures (e.g., 4-0 nylon 


polypropylene) (Fig. 18-40. C). 
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18-7 


Ta 1 Docking Guidelines 


LENGTH* 


BREED 


Sporting Breeds 

Brittany spaniel 
Clumber spaniel 

Cocker spaniel 
English cocker spaniel 
English springer spaniel 
Field spaniel 

German shorthaired pointer 

German wirehaired pointer 

Sussex spaniel 

Vizsla 

Weimaraner 

Welsh springer spaniel 

Wirehaired pointing griffon 

Working Breeds 

Bouvier des Flanders 
Boxer 

Doberman pinscher 
Giant schnauzer 
Old English sheepdog 
Rottweiler 

Standard schnauzer 
Welsh corgi (Pembroke) 


Leave 1 inch 
Leave V 4 to V 3 of length 
Leave Y 3 of length (approximately Y 4 inch] 
Leave ] / 3 of length 
Leave V 3 of length 
Leave ] / 3 of length 
Leave % of length 
Leave 

Leave V 3 of length 


Leave % of length 


Leave % of length (approximately 
Leave V 3 to V 2 of length 

Leave ] / 3 of length 


1 V 2 inches) 


Leave V 2 to 3 / 4 inch 
Leave V 2 to Y 4 inch (two vertebrae) 
Leave 3 4 inch (two vertebrae) 
Leave 1 ] / 4 inch (three vertebrae) 
Leave one vertebra (close to body) 
Leave one vertebra (close to body) 
Leave 1 inch (two vertebrae) 

Leave one vertebra (close to body) 


Terrier Breeds 

Airedale terrier 
Australian terrier 
Fox terrier 

Irish terrier 

Kerry blue terrier 
Lakeland terrier 
Miniature schnauzer 
Norwich terrier 
Sealyham terrier 
Soft-coated Wheaten terrier 

Welsh terrier 


) 


Leave 2 / 3 to 3 4 of length f 
Leave % of length 
Leave 2 / 3 to 3 4 of lengthf 


Leave Y 4 of length 


e 


Leave : / 2 to % of length 
Leave 2 / 3 to V 4 of length 
Leave % inch 
Leave 4 to V 3 of length 
Leave Y 3 to V 2 of length 


e 


j- 


Leave V 2 to V 4 of length 


e 


Leave 2 / 3 to 3 / 4 of lengthf 


Toy Breeds 


1 iy 


Leave % inch (close to body) 

Leave V 4 to l / 3 of length (approximately V 3 inch) 
Leave ] / 3 of length (approximately 1 V 2 inches) 
Leave V 2 inch (two vertebrae) 


Affen pinscher 


Brussels 


nb 


Miniature pinscher 
Silky terrier 
Toy poodle 
Yorkshire terrier 

Nonsporting Breeds 

Miniature poodle 

Schipperke 
Standard poodle 

Miscellaneous Breeds 

Cavalier King Charles spaniel (optional) 
Spsnoni Italiani 


?r* 


roximately V 2 inch) 


(app 

Leave % to % of length 

Leave Y 3 of length (approximately V 2 inch) 


fe* 


1 i 


ith 


tali 


to 


Leave V 2 to 2 / 3 of length (approximately 1 V B inches) 




Close to body 
Leave V 2 to 2 / 3 of length (approximately 1 V 2 inches) 


;; \\y 


tlar 


usf) 


on, 


Leave 2 / 3 of length with white tip 


Leave % of length 


fa 


'When docking is performed at less than 1 week of age., 
We tip of Hne docked tail should be approximately level wi 


t or 


th the top of the skull when the puppy is in show position 
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9 . 11 
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Kv 
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O 


A 


Vi 
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I 




I. 


VVJ 


c 


I H 


I 


FIG 18-40 

Caudectomy in a puppy. A, Retract the tail's skin toward the failhead and immobilize the 
tail between the thumb and index finger. B, Rotate the scissors toward the failhead to push 
the skin toward the body. Transect the tail through the desired intervertebral space. 

C, Appose the skin edges with approximating sutures. 


the caudal vessels (Fig. 18-41, C). Appose subcutaneous tis¬ 
sue and muscle over the exposed vertebrae with interrupted 

approximating sutures (e.g., 3-0 polydioxanone or polygly- 

over the caudal verte- 

nceded fa 


CAUDECTOMY IN ADULTS 


Caudectomy in dogs older than 1 week requires general or 
pidural anesthesia. The surgical site should be observed 
for swelling, draining, inflammation, and paim Healing af¬ 
ter caudectomy is uncomplicated if excess skin tension 
and self-trauma are avoided. The site should be protected 
with a bandage or restraining device if necessary. Compli¬ 
cations include infection, dehiscence, scarring, fistula re¬ 
currence, and anal sphincter or rectal trauma. Incisions 
that dehisce after partial amputation may heal by second 
intention, which usually leaves a hairless scar. Reamputa¬ 
tion may be necessary to relieve irritation and improve 

cosmesis. 


e 


eonofej. Position the dorsal skin flap 
brae (Fig. 18-41, DJ. Trim the ventral s kin flap 

allow skin apposition without tension . Appose skin edges 

3-0 or 4-0 nylon or 


with approximating sutures (e.g 
polypropylene with a reverse cutting needle) (Fig. 18-41, DJ. 

by placing on 


■ / 


Protect the surgical site with a bondage 
Elizabethan collar or bucket over the animats head. 


A 


Complete Caudectomy 

Anesthetize /he patient; clip and aseptically prepore me en 
tire perineum and failhead area. Position the animal in 

elliptic incision around the tail 


Partial Caudectomy 


fro/ recumbency. Make an 
base (Fig. 18-42, A), incise subcutaneous tissues to expose 

the muscles. Separate the attachments of the levator ant, ret* 
tococcygeus, and coccygeus muscles to the caudal vertebra* 
(Fig. 18-42 t BJ. Ligate the medial and lateral caudal arteries 
and veins before or after transection. Transect the fail hy dtej 
articulation with a scalpel blade at the second or third cat r i 
dal vertebra. Lavage the site after hemostasis is achieved. 

Appose the levator 
with simple interrupted 

4-0 polydioxanone, poliglecaprone 25, or polygiy 
conate J, Excise redundant skin if necessary and oppose stfri 
edges with approximating, nonabsorbable sutures ( 

4-0 nylon, polybutester, or polypropylene). As 
native, the tail fold may be preserved; however, skin foldpy 
oderma would be expected to persist. 1 


Wrap the distal tail with gauze or insert it into an examine- 

and secure the covering with tape. Clip a gener- 
the amputation site and aseptically prepare it 




ous area near 

for s urgery. Pos ition the patien t in a perm ea I pas ition or lat¬ 
eral recumbency Position a tourniquet proximal to the tran¬ 
section site. Retract the skin toward the failhead. Wake a 
double V incision in the skin distal to the desired interverte¬ 
bral transection site , Orient the V to 
fra/ sk/n flaps that are longer than the desired tail length (Fig. 
18-41, Aj. Identify and ligate the media/ and lateral caudal 
arteries and veins slightly cranial to the transection site (Fig. 
18-41, BJ. incise soft tissues slightly 
ter vertebral space and disarticulate the distal toil with 
scalpel b/ade. If bleeding occurs t place a circumferential lig¬ 
ature around the distal end of the remaining tail or religate 


ani muscles and subcutaneous tissues 

continuous suture patterns fe.gJ 


3-0 or 


B 


e.g., 34 


in 


an 


a 


or 
















































FIG 18-41 


the skrn distal to the 


Dorsal lateral 


desired transection 


\ 


caudal 


medial and lateral caudal arteries 




and veins. C, Transect the soFt tissues 


ista to 


i 


i 


caudal 


space. 


. A 


rax i 


E 


emostasis. D, Appose soft tissues 


Superficial 


I ate ra I 


Median 


caudal 


fis* 


> ted 


3 iy 


d to 


Iges 


or 


DJ 


f 


? en- 


i toll 


FIG 18*42 


pose 


uires (A) an elliptic incision 

caudal vertebrae 


tai 


req 


ta locate the 


nd diseased skin and (B) deep dissection 


brae 
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eveci 
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nit ure or people. Usually only the lb re limb claws are re 
moved. Although it is recommended that declawed cats k 
kept indoors because the procedure interferes with a oats 
ability to protect itself, those with hind limb daws can climb 
to escape some dangers. Alternatives to elective onychec¬ 
tomy are to glue a vinyl cap to each claw every 6 to 8 weeks 
(SoftPaws) or perform deep digital flexor tenectomy (see be¬ 
low), Vinyl caps blunt the daws to render them less damag 
ing, Onychectomy or more extensive digit amputation mav 
remove infected nail beds and neoplasms. The most com- 
moil nail bed tumors are squamous cell carcinomas, 
melanomas, soft tissue sarcomas, osteosarcomas, and mast 
cell tumors. Complete excision may require that adjacent 
phalanges be removed with the affected daw. Onychomyco¬ 
sis, usually caused by Trichophyton mentagrophytes, produces 
dry, cracked, brittle, and deformed nails with inflamed 
alopecic nail beds. Follicular infections with Dcnwdex spp 
and staphylococci produce similar 

Onychectomy is performed with the patient under gen¬ 
eral anesthesia. Perioperative analgesia (butorphanol, oxv- 
morphone) is recommended for 24 to 48 hours after surgery. 
Additional perioperative analgesia may be provided by 
blocking regional nerves with 0,5% bupivacaine (Ringwooi 
Smith, 2000), Sensory innervation to the feline forepaw ts 
provided by the dorsal and palmar branches of the radial 


Reference 






AmarpaJ HP, Aithal HP, Singh GR, Pratap K: Intranasal diazepam 
and ketamine for sedation and analgesia in pups, Indian Vet ] 
74:1056, 1997. 






Suggested reading 




Morton D: Docking of dogs: practical and ethical aspects, Vet Rec 




131:301, 1992. 


Noonan GJ et al: Behavioural observations of puppies undergoing 
tail docking. Applied Animal Behaviour Science 49:335, 1996. 
Swaim SF, Henderson RA: Small animal wound management, ed 2 
Philadelphia, 1997, Williams & Wilkins. 

Wainsb rough RK: Co s m e t ic ta ii d ocking o f do gs, A us t Vet J 74:59, 

1996. 
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ONYCHECTOMY 


dedawing) is removal of the third digital 


O nyc h ec to my (Le 
phalanx (P3) (Fig, 18-43, A). It usually is performed between 

3 and 12 months of age to prevent cats from scratching fur- 
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A, Distal phalangeal anatomy for onychectomy B y Dissection 
onychectomy disarticulates the third phalanx by transecting tendons, 
ligaments, and other soft tissue attachments. C, Nail clipper 
onychectomy should remove the entire ungual crest but often leaves a 
portion of the ventral flexor process of P3. D, Proper and improper lines 
of transection. 
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die is withdrawn / being careful fo block dorsal digital 

VJ which lies lateral to metacarpal V (Fig. 18-44 , B/, Inject 
0.1 ml of bupivacaine to block dorsal digital nerve I. Locale 

by inserting the needle from distal to proximal to 
the point of articulation between metacarpals l and II. 


median, and ulnar nerves* These branches are blocked at 
four sites using 0.1 to 0.2 ml of 0.5% bupivacaine at each site 
I not to exceed a total dose of 5 mg/kg), which provides 4 to 
6 hours of analgesia* 


this nerve 


Perform tf?e nerve blocks offer induction of anesthesia and 

ychectomy , Fully extend the 


Dissection Onychectomy 


preparation of the paw for 

and palpate the superficial digital flexor tendon 


on 


In cats, either a scalpel or a guillotine-type nail clipper may 
be used to remove the third phalanx* The dissection tech¬ 
nique is used for canine onychectomy* Clipping hair from 
the paw and around the toes is advised in dogs and 
long-haired cats* Although most germinal cells are located in 
the ungual crest, the entire process must be removed to pre- 


corpus 

along ffie palmar aspect of the paw. Block the median nerve 
wifi QJ5 ml of bupivacaine injected just medial to the 
perficial digital flexor tendon at a point approximately one 
third the distance between the carpal pad and the first digi¬ 
tal pod (Fig. 18-44, A}. Block the palmar brandies of the ul¬ 
nar nerve at about the same level along the lateral aspect of 
fhe superficfol digital flexor tendon using 0,15 ml bupiva- 


vent daw re growth. 


vAsepheaf/y scrub the paw , digits, and nails for surgery. 
Block the regional nerves 

rec u m 


came (see Fig. 18-44 , AJ* Block dorsal digital 


nerves if 

through V by inserting the needle from lateral to medial just 
dhtal to the carpus. Inject 0.2 ml of bupivacaine as the nee- 


to each front paw. Position the 
bency and apply a tourniquet below 


imol in lateral 


Carpal pad 


A 


Superficial digital 

flexor tendon 


Ulnar 

nerve 

Superior 

palmar branch 

Deep^ 
palmar branch 


Median nerve 


B 


Ulnar 

nerve 

Dorsal 

branch 


l\ 


Radial 

nerve 

Medial 

superficial branch 

Lat e ra I 
superficial branch 


I 


Digital pad 




Medial 


Lateral 


Lateral 


Medial 


FIG 18-44 

Sites for nerve blocks of sensory innervation to the feline forepaw. A, Extend the carpus 
and palpate the superficial digital flexor tendon along the palmar aspect of the paw, Block 
the median nerve with 0.15 ml of bupivacaine just medial to the superficial digital flexor 
tendon. Similarly block the palmar branches of the ulnar nerve along the lateral superficial 
digital flexor tendon. B, Block dorsal digital nerves l!-V by inserting the needle from lateral 
to medial just distal to the carpus. Inject 0.2 ml of bupivacaine as the needle is withdrawn 
Block dorsal digital nerve I at the articulation between metacarpal 1 on 

bupivacaine. 




d II with 0.1 ml of 
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the elbow to minimize blood loss and improve visualization. 
In cats , tourniquet application above the elbow may damag 
the radial, median, or ulnar nerves because feline 


Sutures usually are removed by the cat within a week. Con¬ 
valescence is more rapid in young, growing cats than in older 
or obese cats* Complications (i.e., pain, hemorrhage, pad 
damage, lameness, swelling, infection, daw regrowth, second 
phalanx protrusion, and palmargrade stance] occur in 50% 
of patients. Cutting the digital pads prolongs postoperative 
pain and lameness. Early postoperative pain is more com¬ 
mon after blade onychectomy than after the nail dipper pro¬ 
cedure (Tobias, 1994; Martinez, Hauptman, Walshaw, 1993), 
Hemorrhage is most common in older animals and when 
wounds are not sutured. Late postoperative complications 
are more common when nail dippers are used (Tobias, 
1994)* Tissue adhesives may cause postoperative lameness 
(frequently non-weight-bearing) and infections and maybe 

extruded from the wounds as a 


e 


arm mus¬ 
cles lack protective bulk. As an alternative, have on assistant 

compress the brachial artery with a thumb or index finger 
against the humeral shaft by applying pressure just 
to the triceps muscle on the medio/ aspect of the brachium 
Drape the feet Extend the claw by grasping the tip with 

towel clamp or by pushing up on the digital pad , Grcumfer 
enttally i 

claw near 


cron 


a 


mcise the hairless, cuticle-like skin a way from the 
the a rti c u lath on be/ween the second and th ird ph 
langes (see Fig r 18-43, B j* Transect the 
tensor tendon and dorsal ligaments with a No. 1 1 or No. 12 
scalpel blade , Follow the contour of the proximal end of P3 
to transect the deep digital flexor tendon and dissect the pha¬ 
lanx from the digital pad and other soft tissue attachments 
(he., joint capsule, collateral ligaments, other tendons). 
Avoid cutting the digital pad. Remove all 10 claws from the 
front paws for electsve onychectomy. Appose skin edges with 
a bandage , single interrupted cruciate sutures 


a- 


digital 


c am man 


ex - 






foreign body. Improper 


tourniquet use may cause neurapraxia, tissue necrosis, and 
lameness. The radial nerve is most often affected, but signs 


usually resolve in 6 to 8 weeks. Tight bandages 
i sc h em i c nec rosis of t h e p a w. 1 nco m p] ete rem oval o f t h e ger¬ 
minal cells in the dorsal aspect of the ungual crest allows 
daw regrowth. If only a small remnant of the flexor process 
remains, daw regrowth is not anticipated* Claw regrowth 
should be suspected if draining tracts develop. The 

claw usually is deformed. 

* 


can 


m 


or cyano¬ 
acrylate tissue adhesive (e.g., Vetbond Tissue Adhesive). Do 
not place sutures through the digital pads. Apply tissue ad¬ 
hesives over the apposed surface of the skin and not be¬ 
tween the cut edges * Apply a bandage from the paw to the 
distal antebrachium (see p. 151) and remove the tourniquet. 


regrown 


DEEP DIGITAL FLEXOR TENECTOMY 


Nail Clipper Onychectomy 

Prepare the paws for surgery 

Dissection Onychectomy. Trim the claws to facilitate 
tioning the nail trimmer in the interphalangeal space. Posh 
Eton a sharp , guillotine-type nail clipper (Resco nail shears) 
around the claw (see Fig. 18-43, C). Extend the claw by 
grasping the tip with a towel clamp. Position the blade dor- 
sally at the joint space and transect the extensor tendon 
tendons* Rotate the blade vent rally with continuous contact 


The deep digital flexor tendon inserts 


the flexor process 

is needed to flex the phalanx, 
Claws remain retracted after the deep digital flexor ten¬ 
dons have been severed, which limits the cat's ability to 
scratch; however, the nails become thick and blunt and 


described in the section 


of the third phalanx and 


as 


on 


posi- 


must he trimmed regularly. Hemorrhage, infection, and 
lameness may occur postoperatively, Tenectomy of the su¬ 
perficial digital flexor (which inserts on the proximal as¬ 
pect of P2) instead of the deep digital flexor results in an 
abnormal flat-footed stance* Problems may include per¬ 
sistent lameness and ability to scratch, interphalangeal 
joint immobility, fibrosis, pain, and daw ingrowth into the 
digital pads. Cats may require onychectomy to relieve clin¬ 
ical signs* For these reasons, this technique is not routinely 
reco mm ended* 


or 




with the skin. Lift the claw dorsally to close the joint space 
and deviate the flexor process ventrolly. After ensuring that 
the digital pad is proximal to the line of transection and the 
instrument is in the joint space, close the instrument to 
potato the phalanx. Inspect the articular surfaces for 
pie te excision of P3 (see Fig. 18-43, D). if a small portion of 
the palmar aspect of P3 remains, grasp it with a thumb for¬ 
ceps and carefully dissect it from the digital pad with a 
scalpel blade or sharp-sharp scissors * 
this portion of P3, especially in large cats f to maintain deep 
dig ital flexor fu n ction . Rem o ve a // 10 c/a 

paws for elective onychectomy : Appose skin edges with 
single interrupted suture or tissue adhesive. Apply a band 
age from the paw to the distal antebroch 
and remove the tourniquet 


com- 


Anesthetize the cat and position it in dorsal 
cumbency Clip and asephca//y prepare the paws. Apply 
tourniquet below the elbow to minimize hemorrhage. Afa 
a 3- to 5-mm skin hncis ion over 

ond phalanx (P2), near f/ie P2-P3 interphalangeal joint Wj 
digital pad (Fig. 18-45 , A). The glistening white tendon of 
the deep digital flexor lies directly beneath the skin. Dks&j 
under the tendon with mosquito hemostats or small scissors 

segment of tendon with 

scalpel blade (Fig. 18-45, CJ. Appose the skin edges witht 
interrupted suture or tissue adhesive as for onychectomy, Re¬ 
peat the procedure on each digit and trim each claw. Use 
torn paper rather than litter for 2 weeks. Limit activity and 
discourage jumping for 1 week. I 


fatera/ re¬ 


ar 


Some prefer to retain 


o 




from the front 


the palmar surface of the 


ws 


set- 




o 


turn [see p. 151) 


(Fig. 18-45, BJ. Fxc/se a 5-mm 


o 


Postoperative Care and Complications 

Mild bleeding should be expected when the bandage 
moved after 12 to 24 hours; if bleeding persists, the bandag 
should be reapplied tor 2 to 3 days* Shredded paper, instead 
of litter, should be used for 2 weeks while the nail beds heal 
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FIG 18-45 

Deep digital tenecfomy. A, Make a 3- to 5-mm incision over the palmar surface of the 
second phalanx, B and C, Elevate and excise a 5-mm segment of deep digital flexor 
tendon. The inset shows the relationship of the deep digital flexor tendon to PI, P2, 

and P3. 


vn 


ix 


DIWCLAW REMOVAL 


:n- 


The dewdaw is the first digit of the canine rear 
first and second phalanges of the digit are inconsistent. Dew- 
daws are absent in some dogs and double in others. Great 
Pyrenees and briards most have double rear dewdaws to 
meet breed standards. In other breeds, loosely attached dew- 
daws are removed to prevent trauma during hunting or 
grooming liable 18-8). Often only the rear dewdaws are re¬ 
in oved. Dewdaws sh o ul d be rem ove d at 3 to 5 d avs o f age, a t 
[he same time as caudectomy. After 5 days of age, hemor¬ 
rhage is more excessive, and anesthetics are necessary. Com¬ 
plications include hemorrhage, pain, infection, and dehis¬ 
cence. Premature suture removal may cause scarring. 
Bandages applied too tightly may cause swelling or ischemic 
necrosis. 


paws. The 


to 


nd 


TABLE 18-8 


nd 


su 


Breeds Recommended for Dewdaw Removal 


Alaskan 
Basset hound* 

Belgian malmois 
Belgian sheepdog 
Belgian tervuren 
Bernese mountain dog 
B oxe r 

Cardigan Welsh corgi 
Chesapeake Bay retriever 
Dalmatian 

Dandle Dinmont terrier 
Kerry blue terrier 
Kamondor 


mala mute 


an 


'eal 


the 


lin- 

lely 




re- 


a 


Dewdaw Removal in Puppies 

Aseptically prepare the medial aspect of the paw. Have an 
Gish font cup the puppy in his or 
the paw. Facilitate restraint and analgesia by giving a seda¬ 
tive or local anesfh eti cor b oth (s ee p. 198) , Abd uct th e dig il 
nod transect the web of skin attaching the dewelaw to the 
pQw with Mayo scissors (Fig. f 8-46, A). Disarticulate the 
metatarsal (carpalj-phalangeal joint or transect the bone 
near ffie metofarsa/ or metacarpal bone with a scalpel blade 
or Moyo scissors . Co ntro! hem o rrhage wi th pre $ sure or elec - 
fnxautery Appose sfa'n margins with a single approximating 
suture or tissue adhesive or allow second intention healing , 


lake 


Lakeland terrier 


Norwegian elkhound 
Paoillon 


her hands and immobilize 


and 
n of 
isect 
;sors 
Ifi a 


Puli* 

Rottweiler 
Shetland sheepdog 
Siberian husky 

Silky terrier 
Saint Bernard 
Vizsla 

Weimaraner 

Removal optional. 
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FIG 1 8-46 

Dewclaw removal. A, In puppies, obduct and transect the dewclaw with scissors, 
disarticulating at the metatarsal (carpal)-phalangeal joint, &, In adults, make an elliptic 
incision around the base of the dewclaw, dissect subcutaneous tissues, and ligate the 
dorsal common and axial palmar arteries. Then disarticulate the joint or transect PI with 
bone cutters (inset). C, Appose subcutaneous tissues and skin with approximating sutures. 




Dewclaw Removal in Adults 

I f de wcl aw removal is not p e rfo r med within the fi rst wee k o f 
life, it should be delayed until after 3 months of age and per¬ 
formed using a general anesthetic. It is convenient to remove 
dewdaws at the time of neutering. 

Position the patient in lateral recumbency. : Clip and osepti- 
colly prepare the paws for surgery . Make an elliptic incision 
around, the base of the digit where it articulates with the 
metatarsal or metacarpal bone (Fig. 18-46, BJ, Abduct the 
digit and dissect subcutaneous tissues to the metacarpopha¬ 
langeal or me to tarsoph a longeal joint, if the first and second 
phalanges are firmly attached, free them with a No. 11 
blade. Ligate the dorsal common 

arteries. Disarticulate the metacarpophalangeal or metatar 

a scalpel blade , The results 
cos m e ftc when bon e cu tiers a re us ed to fro n sect fh e fi rst pha - 
I anx near the metacarpophalangeal or metatarsophalangeal 
joint. Appose subcutaneous tissues with 3-0 
continuous or interrupted approximating sutures using ab¬ 
sorbable suture material (he,, polydioxanone, polygly- 
conate > poliglecaprone 25, polyglactin 910 or chromic 
catgut). Appose the skin with interrupted approximating 
turns (he,, 3 0 or 4-0 nylon or polypropylene) (Fig. 18-46, 
CJ, Apply a soft, padded bandage to protect the surgical site 
for 3 to 5 days. Remove sutures at 7 to 10 days. 


DIGIT AMPUTATION 


Digit amputation is performed because of neoplasia, chronic 

or fungal infections, osteomyelitis, 
trauma. Affected digits are swollen and painful 
encd, dystrophic, or absent claws. Occasionally a digit is am¬ 
putated to facilitate salvage of a weight-bearing pad or por¬ 
tion of the paw. The primary weight-hearing digits are the 
third and fourth digits. The level of amputation is deter 
mined by the site of the lesion and the disease process. Gen¬ 
eral anesthesia is required. Complications include hemor¬ 
rhage, infection, dehiscence, and recurrence. Fight bandages 
may cause swelling or ischemic necrosis. Lameness results if 
more than two digits or the third or fourth digit is removed 
Low - g r a de p e rs i st e n 11 a m e n es s a fter a m p u tatio n o f the third 
or fourth digit may occur with resection through the middle 
to distal region of PI or P2. 

Digital tumors occur in older dogs {mean age of 10 years) 
and often are initially misdiagnosed as infections. They oc¬ 
cur most often in male large- to medium-breed dogs (10 to 
over 30 kg) (Marino et ah, 1995), Bone invasion is common, 
Squamous cell carcinomas, malignant melanomas, soft tis¬ 
sue sarcomas, osteosarcomas, and mast cell tumors are com¬ 
mon digital tumors. Squamous cell carcinomas, mast cell tu¬ 
mors, and melanomas arising in the subungual epithelium 
are aggressive and sometimes metastatic. Black dogs are 
predisposed to subungual squamous cell carcinomas. Tin: 
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FIG 10-47 

Digit amputation. A, Begin the skin incision dorsally and extend it laterally 
the involved digit. B, Ligate the digital vessels and transect the tendons, ligaments, and 
joint capsule to disarticulate the digit between P3-P2, P2-P1, or P1 -metacarpal (tarsal). 
C, Appose subcutaneous tissues over the end of the bone and approximate skin edges. 


each side of 


burns, and tumors. Injuries may not heal well as a result of 
the weight-bearing forces and pad loss. Weight-bearing areas 
without pads may ulcerate. 


[ year survival rate after digital amputation varies from 45% 
to 100%, depending on the tumor type. 


Clip and qseptkolly prepare the paw for surgery ; Position the 
dog in ventral or lateral recumbency with the leg suspended. 

Release the asepticolly 


Superficial Pad Loss 

Wounds with superficial pad loss are allowed to heal hv sec¬ 
ond intention and treated with nonadherent, absorbent or 


Place a tourniquet and drape the area, 
prepared paw into the sterile field. Begin a dorsal skin incision 

at the distal end of the appropriate mefacorpa/ (metofarsa/j 
rfie proximo/ end of the first phalanx. Make a transverse en 
drding incision'at the appropriate interphalangeal joint (in¬ 
incision) (Fig, 18-47, A and BJ. Preserve the digital 
pad if only the third phalanx is removed * Transect the flexor 
and extensor tendons , ligaments, and pint capsule. Ligate the 
digital arteries ano' veins with 3^0 or 4-0 absorbable suture. 
Disarticulate with a scalpel blade or transect the phalanx with 
tone cutters, tec/ude Ae sesamoid bones with the excision. 
Suture the extensor tendon to the dorsal surface of the pad 
when it is preserved'. Appose subcutaneous tissues over the 
end of the tone with interrupted absorbable sutures fe.g v 3 0 

or 4-0 polydioxanone f poliglecaprone 25, or polyglyconate). 
Appose skin with approximating sutures (e g v 3-0 or 4-0 ny¬ 
lon or polypropylene) (Fig. 18-47, C). Apply a padded band- 

Elizabethan collar or bucket Keep 


semiabsorbent bandages and a spoon splint. A functional 
pad is maintained If epithelial tissue remains at the periph¬ 
ery and the wound is able to heal by contraction and epithe- 
liaiization, Splinting the paw promotes healing because 
wound contractile forces are antagonized by weight bearing, 
which pushes the wound edges apart. Aloe vera extract gel 

early stages of paw pad healing. 


or 


verse V 


has a positive effect on 
Acemannan-containing hydrogel wound dressing also stim¬ 
ulates wound healing. Bandaging and splinting the paw 
should be continued until reepithelialization and some ker- 
atinization occur. Exercise should be restricted while the 




> 


limb is bandaged. After the bandage has been removed, exer 
ci.se may be gradually allowed on nonabrasive surfaces. 


f 


i 


Lacerations 

Improperly managed simple lace 
nonhealing wounds because forces applied on the pads dur¬ 
ing standing or walking flatten and spread the pad, separat¬ 
ing the lacerated edges. Proper management of lacerated 
pads includes lavage, suturing, and bandaging. It the wound 
extends through the entire thickness of the pad, exposing the 
digital flexor tendons, place a Penrose drain under the pad 
that emerges through skin adjacent to the pad. Acute lacera¬ 
tions should be thoroughly lavaged and minimally debrided 
Old, severely contaminated, or infected lacerations need 

Wet-dry bandages for several days. 


e 


rations can become chronic 


age and, if necessary, an 
fne bandage dean and dry Change the bandage in 2 to 3 

days or os needed to Evaluate the wound. Remove the band¬ 
age and sutures after 7 to 1 0 days. 


) 


1 


o 
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FOOTPAD INJURIES 


s- 


The footpad is the toughest area of the canine skin and is de¬ 
signed to absorb shock, standing, and abrasive forces. The 
stratum comeum usually is pigmented, thick, and kera¬ 
tinized, with a rough surface of conical papillae. Footpad in 
iuries include laceration, degloving, abrasion, avulsion 
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Debride the edges of chronic lacerations 
necrotic tissue and provide a bleeding edge for apposi¬ 
tion. Appose deep layers of the pad with buried simple i 
terrupted absorbable sutures (e.g>, 3-0 and 4-0 polydiox- 

a none, poliglecaprone 25 f 
epithelial edges with interrupted approximating sutures 
(simple, vertical mattress > for-near-near-for) (e.g2-0 

3*0 polypropylene or nylon), taking bites several millim 
ters from the cut edge , After closure, protect the pad with 
nonadherent , thick , absorbent bandage and a spoon 


splint (see p. 822). Change the bandog 
days, depending on the amount of drainage . Remove the 
sutures after 10 to 14 days and reapply the splint and 

bandage for 3 to 4 days. Remove the splint but reban 
doge the paw for an additional 3 to 6 days to allow the 
wound to strengthen . As an alternative , protect the pad 
with a commercial boot after suture removal (Dog Bootle). 
Restrict exercise while the limb is bandaged . Gradually 
institute exercise on a nonabrasive surface after bandage 
removal. 
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FIG 1 8-48 

Replacement or salvage of weight-bearing pads. A, Partly or completely replace a pad by 
removing P3 and P2 from digit two or five and transposing the pad and skin to the injured 
area (phalangeal fillet technique), B, The metacarpal or metatarsal pad may be salvaged 
by grafting from digital pods. Place the free segmental graft on a healthy granulation bed 
and across the skin-pad junction. Donor sites are apposed with approximating sutures if 
tissue is pliable or allowed to heal by second intention under a protective bandage. 
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Paw 5alvage 

Degloving or crushing injuries to the paw may result in a 
nonfunctional paw. Amputation or multiple surgical proce¬ 
dures are required to maintain paw function when injury is 
severe. Free grafts, axial pattern flaps, or thoracic wall pouch 
flaps may be used to replace skin. Indoor cats and small dogs 
that walk primarily on carpets may function weII on g rafted 
skin that does not have pads; however, most dogs require sal¬ 
vage or rep 1 acement of the metacarpal-metatarsal pad. Re¬ 
placement of metatarsal, metacarpal, or weight-bearing dig¬ 
ital pads may be achieved by transposing adjacent pads, 
segmental digital pad grafts, or mkroneurovascular free dig¬ 
ital or carpal pad transfer (Fig, 18-48). Tissue should not be 
transposed over a pad injury caused by tendon malfunction, 
bone malalignment, or nerve damage until the cause is cor¬ 
rected. A digital pad is transposed to replace a portion of the 
metatarsal or metacarpal pad. The phalanges of digit two or 
five are removed thro ugh a pa Ima r in cisi on. The d ig it ai pad 
is maintained on a pedicle of skin and is transposed to the 

arpal pad (Bradley, Shealy, Swamp 1993), 
As an alternative, severe trauma to all digits may necessitate 
digital amputation and transposition of the metatarsal or 
metacarpal pad over the bone ends to provide a weight¬ 
bearing surface. Free segmental digital pad grafts (6 X 8 
mm) sutured into recessed recipient beds in granulation tis¬ 
sue allow pad reepithelialization with a tough, keratinized, 
and effective weight-bearing surface (Swaim et ah, 1993). 
N1 i cro n e u ro va scu!ar pad t ra n sfer req u i re s sp ec ial ized i n st r u - 
mentation and training. The paw should he bandaged after 
surgery as described above for lacerations* 


J 


hereof, absorbent bandage and spoon splint extending from 
the paw to the elbow or hock. Change the bandage and 
splint daily until drainage diminishes, usually with in W to 14 
days. Remove the drain and extend the interval between 
bondage and splint changes to every 2 to 3 days . Soak the 
paw in an antiseptic solution before rebandaging if 
pseudomonad infection is suspected . Remove sutures be¬ 
tween Wand 21 days after surgery but continue bandaging 
until granulation is complete. Additional debridement may be 
indkated if nonhealing wo un ds o r droin ing tracts persis t a f- 
fer surgery. When healing nears 

age or o paw booth (Dog Bootle) allows transition between 
a heavy splinted bandage and full weight bearing . 


d 


d 
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completion, a lighter band- 
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Eyelid locking 

Entropion in the neonate or young animal may be tem¬ 
porarily everted to a more normal position using a drop of 
tissue adhesive to glue adjacent skin surfaces together, 
thereby rolling the eyelid margin outward, or by placement 
of inverting Lembert sutures* 

Using 3-0 or 4-0 absorbable or nonabsorbable suture (e.g,, 
polypropylene}, insert the needle into the skin and through 
the tarsal plate and orbicularis muscle 3 mm from the eyelid 
margin. Exit the needle 5 mm from its insertion to complete 
the first bite (Fig. 18-49). Position the second bite over the 
rim of the orbit with the needle directed away from the eye , 
Pass the needle through the skin , subcutaneous tissue , and 
orbital fascia and exit, creating a s econd 5-mm bite (see Fig, 
18-49), Do not penetrate the eyelid margin or conjunctiva. 
77e the suture, in ve rting a furrow of skin. Place additional su - 
turns (three to 14) as needed to correct both upper and lower 
lid entropion. Protect the area after surgery by applying a 
restraint co//ar leave sutures for 2 to 3 weeks or until suture 
abscesses or granulomas are recognized , 

The tacking procedure is repeated in young dogs until 
maturity, if necessary. Permanent correction by excision of 
tissue is delayed until the animal reaches adult or near-adult 
conformation. Tacking may be used for spastic entropion to 
provide relief from corneal irritation until the primary cause 
is corrected* 

Excistonal Procedures 

fn severe cases or in mature animals, resection of skin is nec¬ 
essary to correct entropion. In extreme cases, stellate 
rhytidectomy to remove skin from the dorsal region of the 
head or brow suspension with sutures has been used sue* 
cessfully (Willis et ah, 1999; Stuhr et ah, 1997). The Hotz- 
Celsus procedure is the procedure most often performed to 
provide definitive surgical correction for chronic or recur¬ 
ring entropion. 


SURGERY OF THE EYE 




Some periocular and ocular procedures are performed by 
general practitioners; however, many are typically managed 
by veterinary ophthalmologists. Procedures commonly per¬ 
formed by general practitioners include emergency proce¬ 
dures such as traumatic proptosis; minor lid, conjunctival, 
or corneal lacerations; and penetrating wounds or ulcers. 
Other procedures include entropion or ectropion repair and 
tumor removal. 


PREPARATION OF THE SURGICAL SITE 


Liberally apply artificial tears or antibiotic ophthalmic oint¬ 
ment in both eyes to protect the corneas before clipping and 
preparing the skin and periocular tissue. Clip an area 
around the surgical site using a No, 40 clipper blade and 
electric clipper Do not use a vacuum to remove the dipped 
hair; rather f gently brush it away or use 
led it to avoid damaging the delicate eyelid tissue . irrigate 

the conjunctival sac 
which has been added 10 % povidone-iodine (1 part povi¬ 
done iodine to 50 parts eyewash). Using cotton-tipped ap¬ 
plicators or soft surgical sponges soaked in a diluted anti¬ 
septic solution , prepare the skin for aseptic surgery. Do not 
use soap , 
cornea . 


adhesive tape to cor 


with eyewash or physiologic saline to 


detergents, or alcohol, which may damage the 
After surgery protect the surgical site from rubbing, 
pawing , or scratching by administering analgesics f applying 
a protective collar ; and sometimes bandaging the paws or 


head. 


NOTE * Identification of tissue layers and accurate 
placement of sutures is facilitated by using a magni¬ 
fying loupe or an operating microscope. 


ENTROPION 


Entropion is inward rolling of the eyelid margin, which may 
be developmental, spastic, or cicatricial. The entire length of 
the lid margin may be affected, but more often the condition 
is restricted to one area. Hair rubs on the cornea, causing ir¬ 
ritation, epiphora, blepharospasm, photophobia, conjunc¬ 
tivitis, corneal ulceration, and vascularization. Developmen¬ 
tal or conformational entropion often is seen in shar peis, 
Labrador retrievers, English bulldogs, chow chows, rottweil¬ 
ers, Saint Bernards, golden retrievers, Great Danes, English 
springer spaniels, American cocker spaniels, toy and minia¬ 
ture poodles, hull mastiffs, Chesapeake Bay retrievers, and 
several sporting breeds. Spastic entropion occurs secondary 
to pain, and cicatricial entropion is associated with eyelid 
scarring. Cornea) ulcers and conjunctivitis are treated med¬ 
ically Many techniques, from simple to complex, have been 
described for entropion correction. The procedures chosen 
should be individualized to each animal's unique entropion 
condition. 


Estimate the size of the ellipse to be removed by tenting the 
skin in the area of entropion with thumb forceps (Fig. 18-50, 
A). Stabilize the eyelid by placing a Jeager eyelid plate into 

the conjunctival fornix under the affected eyelid and gently. 

pull and stretch the lid (Fig. 18-50 , BJ. Using a No. 15 
blade f incise along the length of the entropion beginning 3 
mm from the lid margin (see Fig . 18-50, B j. Make a second, 
crescent-shaped skin incision a distance from the first inch 

fficient to correct the entropion. Remove the strip of 


sion su 

skin , Don ot rem ove orb ic ula ris m u s cle or co n j un diva , C/osl 
the defect (Fig. 18-50, C and D) beginning at the center wilh 
simple interrupted split thickness 4-0 or 5-0 nonabsorbable 
skin sutures to allow more precise skin apposition (see insert, 
Fig. 18-50, Cj. Split the distance of the remaining defect when 
placing additional sutures so that ultimately, sutures are spaced 

2 to 3 mm apart (Fig. 18-50, EJ, Cut suture ends directed i 

toward the eye short (2 mm) to prevent corneal irritation, j 
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FIG I fi-49 

Entropion—eyelid tacking. Use Lambert sutures in 
to temporarily evert the eyelid margin. The first bite is 5 mm 
wide and begins 3 mm from the eyelid margin (insert). Position 
me second 5-mm wide bite over the rim of the orbit biting into 
the orbital fascia. Tie the suture inverting a furrow of skin. 
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FIG 18-50 

Hotz-Celsus procedure for entropion repair. A, Using thumb 
forceps, tent the skin in the area of the entropion to estimate 
the size of the ellipse to be removed. B, Stabilize the lid by 
placing a Jeager eyelid plate into the conjunctival form 
Incise along the length of the entropion beginning 3 ^ 
from the lief margin and remove o crescent-shaped piece 
skin. C, Begin closing the defect at the center of the wound 
with a simple interrupted split-thickness skin suture (inset). 

D and E, Place additional sutures 2 to 3 mm apart. 


the 


itz- 

i to 
:ur- 


Bpec/ minimal eyelid swelling p os topero 1 1 vely, wh ich should 
resolve wirfwn 48 hours. Use o restraint collar to protect the 
surgical site. As a result of inflammation and edema , edro- 
p/on may be presen/ postoperative!/, therefore delay assess¬ 
ment of the adequacy of correction until swelling subsides (5 
to 7 daysj, if undercorrection has occurred, repeat the pro¬ 
cedure. Remove the sutures at approximately 10 days. 

An arrowhead modification of the Hotz-Celsus proce¬ 
dure is performed when lateral canthus inversion is the pre¬ 
dominant component of the entropion* I his procedure is 
performed using a V-shaped or 

lateral canthus rather than an elliptic incision iFig. 18 -ol), 
In addition, a subcutaneous lateral canthal tension suture is 
placed to anchor and stabilize the lateral canthus in a 
lateral position (see Fig. \ 8-51). This suture is placed into the 
lateral canthal fascia and orbicularis muscle deep to the skin 
incision and fascia overlying the orbital ligament in a 
zontal mattress pattern. In other cases the lateral canthal 
tenectorm can be performed to relieve tension at the lateral 

canthus (Roberts s 1995)* 


> m 


the 


1 


-50 


i 


into 

ently 

, 15 


An alternative to the technique of elliptical skin excision 

Y-to-V correction (Fig* 18-52)* 1 his technique is 


is to use a 

recommended for cicatricial entropion* Place an eyelid plate 
sterile Longue depressor into the lower conjunctival fornix 
lor support* Make a Y-shaped incision with the arms oi the 
Y extending just beyond the affected segment of the eyelid. 
Determine the length of the stem of the Y incision by apply¬ 
ing traction to the skin flap until the eyelid margin is in a 
normal position (see Fig* 18-52), Undermine the skin flap, 

tissue present, then suture the point of the 


ng 


:o 


i 


arrowhead resection at the 


or 


ina 


np 


Close 

wi th 


more 


r 




bab/e 


insert, 

r when 
pacecf 
Tec ted 

(tertian. 


resecting any scar 
flap to the most distal aspect of the incision. Appose the re¬ 
mainder of the skin with approximating sutures (4-0 to 6-0 


no na bs orb abl e). 
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FIG 18-51 

Arrowhead modification of the Hotz-Celsus procedure is 
performed when the lateral canlhus is inverted. A, Make 
a V-shaped or arrowhead resection at the lateral canthus. B, 
Place a horizontal suture from the deep fascia overlying the 
orbital ligament to fascia beneath the skin. C, Begin sk 
closure at the center of the wound, then place additional 
sutures 2 to 3 mm apart. 




FIG 18-52 




Y-to-V correction for cicatrical entropion. A, Make 
Y-shaped incision with the arms of the Y extending just 
beyond the affected segment of eyelid. Apply traction to the | 
skin flap until the margin of the eyelid is in normal position 
to determine the length of the Y-sfem incision. B, Undermine I 
the flap and remove scar tissue. C, Suture the point of the 
flap to the most distal aspect of the incision, D, Appose the 
remainder of the incision. 
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The tarsal pedicle procedure is used in animals that need 
additional lid eversion because of the severity of the condi 
tion or its recurrence. 








(e.g., nylon , polypropylene),. Pass the suture ends thro 


the subcutaneous tunnel skin, and a piece of elastic hand. 
Tie the suture with enough tension to evert the lid 

amount. Create more than 




Make a curvilinear incision 3 to 4 mm distal and parallel to 
the lid margin in the area of entropion. Deepen the incision 
to the orbicularis oculi muscle. Make two parallel incisions at 
right angles to the lid margin through the orbicularis oculi 
muscle and the tarsus. Dissect the pedicle from the skin and 
palpebral conjunctiva to its base at the lid margin. Using 
tenotomy scissors, create a tunnel through the subcutaneous 
tissues distal to the pedicle , The tunnel's length depends 
the severity of the entopion 

quired. Place a cruciate or Bunnell suture pattern in the 
pedicle using double-armed, nonabsorbable suture material 


■ 


t 




p eelicle if the erttro- 


4 


l 


plan is long and not corrected by 
lapping skin edges and then appose the skin. 


one pedicle. Excise over 
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t 




Permanent lateral tarsorrhaphy can be combined wirt 
other procedures to correct entropion associated with 
enlarged palpebral fissures (Fig, 18-53). Facial skin fold 
excision, lateral canthoplasty, and medial canthoplasty 
procedures have also been described to aid entropion 
correction. I 
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FIG 18-54 

TrephenaHon for mild ectropion correction. A, Use a skin 
biopsy punch to remove several small circles of skin 3 to 

from the eyelid margin. B, Place sutures to close th 
defect and realign the skin edges in a vertical direction 
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mm 
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Using a skin biopsy punch (5 to 7 mm), remove one or more 

ircles of skin distal to the affected portion of the eyelid mar- 

to four sutures (4-0 to 
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1x2 




HE 


* 
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with two 


gin , Appose the skin edges 

absorbable suture) such that the closure is perpendi 




6-0 non 

cular to the lid margin (Fig. 18-54). 
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used for mild to severe cases ol 
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Wedge resection is 
ectropion. 
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Resect a triangular full thickness wedge of s kin from the lat- 
I aspect of the lower eyelid. Mark the site of incision lat¬ 
er ush in g, then manipulate the redundant 


era 


era lly by n ick ing o r 
lid laterally with thumb forceps to determine the amount of 
lid margin to resect (Fig. 18-55 , A). Excise this segment of 
skin as a triangle with its base at the lid margin (Fig. 18-55, 

B ), Appose the conjunctiva using a simple continuous pattern 
of absorbable suture with knots buried between conjunctiva 

and skin (Fig. 18-55, CJ. A%n and accurately appose the 

eyelid margin with 

additional skin sutures (4-0 to 6-0 absorbob/ej, pos/tfaniog 
and cutting suture ends so that they do not rub on the 

(Fig, 18 -55, Dj. 


FIG 18-53 

Permanent lateral tarsorrhaphy., A, Excise upper and lower 
lid margins at the lateral canthus removing a V-shaped 
segment of skin. B, Place intraderma! or subcuticular sutures 
to realign the skin edges. C and D, Place skin sutures to 
precisely align the eyelid margins and appose the skin. 




simple interrupted suture , then place 


a 


e 


ECTROPION 


cornea 


e ye lid, w h i c h may be a 
acquired secondary to scar tis 


Ectropion is eversion of the lower 

vdopmental condition or one 
sue formation or fatigue of the orbicularis oculi muscle. The 

predisposition to droopy eyelids is seen in breeds such as 
Saint Bernards, bloodhounds, cocker spaniels, and basset 
hounds. Signs of ectropion include exposed conjunctiva, 
epiphora, conjunctivitis, or keratitis. Developmental ectro¬ 
pion or ectropion caused by scar tissue that causes conjunc¬ 
tival or corneal lesions may be corrected by a variety or com¬ 
bination of surgical techniques. 


Conjunctival resection may be performed alone or in 
combination with other ectropion procedures to improve 

cosmetic res 


jgfi 


nd. 


1 


Grasp the palpebral conjunctiva in the ventral fornix with 
forceps , elevate and then clamp parallel to the lid margin 
with hemostats for 30 seconds. Remove the hemostots and 

of conjunctiva. Appose the incised 

edges with a simple continuous pattern of absorbable suture 

(4-0 to 6-0). 

A V-Y correction is commonly used for cicatricial ectro¬ 
pion from wounds, tumor excision, or overcorrection of en¬ 
tropion when resection of a small wedge ol tissue is insuffi- 

especially useful for lesions with a broad 


the 


tro~ 


excise the defined area 


■t 


NOTE * Always estimate the amount of excess skin 
to be resected before administering preoperative se¬ 
dation or anesthesia. 




with 




fo 1 d 


1 as t y 




I rep hi nation is used when ectropion is mild. 


contracting scar. 
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FIG 18-55 


Wedge resection for ectropion correction. A, Mark the width of resection by kmcking or 
crushing the eyelid margin, B, Excise a triangle of skin with the base at the lid margin, 
C, Appose the conjunctiva using a simple continuous pattern, D, Align and accurately 
appose the lid margin with a simple interrupted skin suture, then place additional skin 
sutures. 


half to th ree fourth $ of the lower ltd f Fig , 1 8 -58 , A J. Cam 
tinue the incision dorsoloterally 1 cm beyond the lateral 

canthus (Fig . 18-58 , BJ, Moke a second incision from the 
termination of this incision near the lateral canmvshSciA 
distally (Fig. 18 - 58 , Cj. Undermine this flap of tissue, Re I 

move redundant lid tissue by excising a wedge of lid .mar*J 
gin and tarsoconjunctiva near the medial aspect of the fo(] 
incision (Fig. 18-58, DJ, Close the tarsoconjunctiva with o 
simple continuous suture pattern (40 to 6-0 a b sorb ablej ,1 
beginning at the lid margin (Fig. 18-58 , E/ r Then pull h | 

skin and muscle flop dorsolaterally and excise a 

the excess skin laterally (Fig. 18-58, ¥). Close the skin wm 
interrupted oppositional sutures (4-0 to 6-0 nonabsotb 
able) (Fig. 18-58/G). j 


Make a V -shaped 
the area of the ectropion (Fig. 18-56, Aj.Undermine the flap 
to near its base on the eyelid and remove any scar tissue 
(Fig. 18-56 , Bj, Beginning at the most distal aspect of the V 
incision, begin placing sutures (4-0 to 6-Q nonabsorbable) 
from medial to lateral, creating the stem of the Y (Fig. 18-56, 
C].. The length of the stem of the Y depends on how much el¬ 
evation the lid margin require s to return it to a normal posi¬ 
tion. When the desired position of the lid has been obtamed, 

oppose the arms of the Y (see Fig . 18-56 f D). 


distal to and slightly wider than 


trio n gfe of 


A temporary tarsorrhaphy (Fig, 18-57} maybe needed to 
help prevent contracture along the suture lines during heal¬ 
ing. Severe cases of cicatricial ectropion may attain more re¬ 
lease using a Z plasty with the central limb of the Z coincid¬ 
ing with the line of traction of the scar (pp* 160 to 161), 
The modified Kuhnt-Szymanowski procedure reduces 
the risk of scarring the lid margin and damaging cilia or 
meibomian glands in animals with atonic ectropion. 


Lateral blepharoplasty can he performed tor animals 
with combined entropion-ectropion. This procedure com 

bines the Hotz-Celsus technique for entropion with creation 
of a lateral ligament from the orbicularis oculi muscle, | 


Excise a pinch of redundant skin from both the upper arc- 
lower eyelids, which meet at the lateral canthus (Fig. 1859,. A) 


Incise through the skin and orbicularis oculi muscle 3 mm 
distal and parallel to the lid margin along the lateral one 


\ 
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FIG 1 8-56 

V-toY ectropion correction. A f Make o V-shaped incision distal and slightly wider than the 

B, Undermine the flap to near the eyelid margin and remove scar tissue if 

at the most distal aspect of the V, begin placing sutures from medial 

of the Y when the desired position 


f 


ectropion area 
present. C, Beginning 
to lateral creating the stem of the Y D, Close the arms 

of the lid Is obtained. 


D 


J 


e 




fi 






ill s 


fi¬ 


ends of the muscle pedicles together and retract them later 
ally\ Then fact the muscle pedicles to the periosteum 
the temporal bone (Fig. 18-59, BJ. Place oppositional 
fares (4-0 to 6 0 nonabsorbable} to close the skin (see Fig, 


Fxtend the mas/on laterally from fh e lateral canthus to the 
temporal bone. Dfssecf a corresponding strip of orbicularis 
oojI f muscle from both the upper and lower excision sites, 
which remain attached at the lateral canthus . Using 4-0 
absorbable suture material (e.g, polydioxanonejsuture the 
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over 




se¬ 




nd 
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FIG IB-58 


Modified Ku h n t-Szy man o ws k i procedure for atonic ectropion. A, Incise through skin and 
orbicularis oculi muscle 3 mm distal and parallel to the lid margin along the lateral half 
three-fourths of the lower lid. B, Continue the incision dorsolaterally 1 cm beyond the 
lateral canthus. Make a second incision from the termination of this incision 1.5 cm distally. 
C, Undermine this Flap of tissue, D, Remove redundant lid by excising a wedge of lid 
margin and tarsoconjunctiva near the medial aspect of the first incision, E, Close the 
tarsoconjunctiva with a simple continuous suture pattern beginning at the lid margin. 

F, Pull the skin and muscle flap dorsolaterally and excise a triangle of the excess skin 
laterally. G, Appose the skin with interrupted appositiional sutures. 
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FIO 1 8-60 

Eyelid laceration involvm 
strips of tissue to avoid lid margin reconstruction. 


, Preserve even thin 


mg the Sid margin 




ound 




simple lacerations to a V-shaped defect with judicious 
debndenwnf (scarify necrotic margins and smooth fogged 

edges/ (Fig. 18-61 , A), Place a mattress suture (5-0 to 6-Q ab¬ 
sorbable) in the tarsal plate at the mucocutaneous junction to 
ensure proper anatomic alignment of the eyelid margin and 
conjunctiva (Fig, 18-61, BJ. Continue this suture in the subcon¬ 
junctival tissue as a simple continuous suture pattern (4-0 to 
6-0 absorbable/ to appose the conjunctiva (Fig, 18-61 CJ. 

To ice care that knots and suture ends do not obi ode the cornea 

marginal sxij 

ia ament 


w 














by positioning them subcutaneously. Place 
suture, ensuring that the lid margin has perfect 
(see Fig. 18~61 f Dj. Use a simple interrupted or cruciate suture 

(4-0 to 6-0 nonabsorbable) with the knot ends directed away 

from the cornea to close die skin (Fig. 18-61 r EJ, Space re¬ 
maining skin sutures approximately 2 
lacrimal duct has been damaged by the trauma near 
dial canthus, stent it by first cannulafing the connkulus 
dud with 0 to 2-0 monofilament suture and then passing poly - 

it to rhe 


a 




apart . if the n aso 


FIG 1 8" 

Lateral blepharoplasty 
ectropion. A, Excise an ellipse 
lower lids, which meets at the lateral canthus. Extend 

the incision laterally to the tempera 

corresponding strip of orbicularis oculi from both the upper 

and lower excision sites, which remains attached at the lateral 

canthus. B, Suture the muscle pedicles together, retract them 

the temporal 

the skin. 


mm 


am 


of skin From the upper 


o 


a 


Silastic tubing over the suture and securing 

edial canthus and lateral of the nostril (ses 

__ Fig. 18-61). Medicate the wound with 
tibiotic ointment for 5 to 7 days and monitor for We- 

mucopurulent discharge, which may 




ethylene or 
skin near the 
insert 


m 


opb th a Imk 


laterally and suture them to the periosteum 
bone. C, Place oppositional sutures to appose 


on 




pharospasm, tearing , 

Indicate that a corneal ulcer has formed. Remove sutures ot 10 

the cannula in place for 2 to 4 


or 










to 14 days. Leave 


EYELID LACERATION REPAIR 


W 


commonly associated with bite wounds 


Lace rat ed eyel i ds 

and automobile injuries. They should be repaired as soon 

and maintain an effective 


CONJUNCTIVAL AND 
CORNEAL LACERATIONS 




as 




possible to protect the 
blink. Direct reapposition is 

the lid margin is missing. More extensive injuries require ad¬ 
vancement flaps or grafts for repair. Preservation of the eye- 

and its associated structures Is essential lor nor¬ 
mal eyelid function. No matter how thin a flap of tissue has 

been created by a laceration running parallel to the eyelid 

be excised (Fig. 18-60), If these flaps 

be reconstructed. 




cornea 


rarely re- 


Conjunctival lacerations without eyelid lacerations 

because they heal rapidly. They are al- 

after debris has been re- 




third or less ot 


is possible if one 




repair 

lowed to heal by second intention 
moved and topical antibiotics applied. Conjunctival wounds 

7 to 8 mm in diameter or larger should be sutured (6-0 ta 
7-0 absorbable) using a continuous suture pattern. Under¬ 
mining and sliding adjacent conjunctiva facilitates closure of 
large wounds. Apply topical ophthalmic antibiotics to prc 

infection. Corneal lacerations or perforations are surgi- 

and should be corrected as soon as they are 




margin 


margin, it sboul 
do not survive. 


the eyelid margin can 




Apply topical ophthalmic ointments to keep the tissue moist be- 

fore surgical repair. Thoroughly irrigate and gently cleanse the 

wound with a dilute betadine or chlorhexidine solution. Iden- 

meibom fan glands, tarsal 


cal emergencies 
discovered. Do not use topical ointments during preparation 

because petrolatum-based ointments may cause severe 

absorbed into the anterior chamber. Eval- 




uveitis if they are 
uate the intraocular structures for evidence of additional 


tify the mucocutaneous junction 
plate, orbicularis muscle, and palpebral conjunctiva. Convert 
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1-2 mm 
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FIG 18-62 


should penetrate 75% to 90% of the cornea 
with sutures entering ond emerging perpendicular to the 
surface and at a distance of 1 to 2 mm from the wound 
edge. A, Desired width and depth or corneol sutures, 

B Insert the needle so it penetrates the cornea perpendicular 
to the surface; then it is tipped upward before entering the 

opposite corneal edge 
perpendicular and 1 to 2 mm 


res 


of 


of 




to 


it emerges from the cornea 
from the wound edge. 


id 


n- 


milar applicator, apply a minimal 

d. Adhesive poly- 


mg a 30-gauge needle 

amount of adhesive directly to the 

within a few seconds. 


or st 


) 


wou n 


merization occurs 


ent 


contact lens reduces dis- 

i or is 


Application of a soft bandage 


jre 


comfort. The adhesive is extruded as the cornea 
excised at definitive repair. When the laceration is small (l to 
2 mm), with a formed anterior chamber and no iris pro¬ 
lapse, and when the eye does not seem to be painful, the con- 
d it ion can be managed medically 


ray 


re- 


so- 


ne- 


oly 


Perform a Seidel test to determine if small lacerations can be 
sealed by placing sodium fluorescein on the cornea; then , 
thout irrigation , observe to see if a clear river of aqueous 
is running through the fluorescein (which indicates that the 
anterior chamber is not sealed). Use suture repair to treat 
lacerations that leak aqueous and those that ore long ancl 
deep or have a prolapsed iris . Lavage and reposition a vi¬ 
able iris if possible and excise any necrotic iris with scissors 

lectroscalpei Lavage the anterior chamber with bah 
ced saline solution. Reform the anterior chamber with a 

agent (1% sodium hyaluronate 
ypropylmethy Ice! I u lase ) . Place the viscoelastic agent between 
the cornea ond the iris and between the iris and the anterior 
lens capsule , Perform lens extraction if the anterior lens cap¬ 
sule has ruptured or the lens is luxated or subluxated. Irrigate 
the cornea with a balanced electrolyte solution 
procedure to prevent drying. Appose the 

nylon simple interrupted 

continuous suture . Place sutures I mm apart , penefrafmg 
75% to 90% of the thickness of the cornea f with sutures 
tering ond emerging perpendicular to the surface I to 2 mm 
from the wound edge (Fig , 18-62). Reform the anterior 
chamber by injecting balanced saline solution 
suture is placed if the viscoelastic material has been removed 


the 


Imic 


ble- 


may 


if 


FIG lft-61 


Eyelid laceration. A, Repair eyelid lacerations perpendicular 

by first placing a mattress suture in the 
torsal plate (B and C) at the mucocutaneous junction to 
accurately align the eyelid margin and conjunctiva and then 
appose the conjunctiva with a simple continuous suture 
pattern, D and E, Appose the skin beginning at the eyelid 
margin with a cruciate suture, keeping suture ends away 
horr the cornea. Inset, If the nasolacrimal duct is damaged 

first stent it with monofilament suture 

to guide polypropylene or silastic tubing through 
and then appose the conjunctiva and skin. 


to the lid margin 


or on e 


an 


2% hydrox- 


viscoelastic 


y re- 


-e ; 


n re- 

unds 

,-0 to 

nder- 
jre of 
> pre- 

surgi- 


near the medial canthus, 


ring the 


cornea 


7-0 to 9-0 polyglacfm 910 or 


or 


trauma. Remove foreign material embedded in the cornea 
with irrigation, forceps, and minimal dissection. 

Seal perforations less than t to 2 mm with a 
(rv butyl cyanoacrylate] permanently or temporarily. Dry the 

surface of file cornea with cellulose sponges 


em 


ey 


ration 

severe 

. Eval- 

itionai 


tissue adhesive 


the last 


as 


or warm air. 
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or if the anterior chamber is collapsed . Observe for leaks at 
the repair site as the anterior chamber is reinflated and pi 
additional sutures as needed to achieve o watertight seat 
Perform a temporary tarsorrhaphy if additional support is de¬ 
sired (p . 222), Administer systemic, subconjunctival and top¬ 
ical antibiotics, topical atropine , and / 0% phenylephrine, 
systemic corticosteroids, and antiprostaglandin drugs as 
needed. Apply a restraint collar and restrict exercise for JO 
to 14 days. Remove the tarsorrhaphy sutures at 14 days and 
the corneal sutures at 21 days . 


ace 


NOTE ■ Corneal apposition must be precise to 
reestablish an airtight and fluid-tight seal 
terior chamber. Asymmetric or shallow sutures will 
result in wound gapping and leakage. 


in the an- 


LID MASSES 


Eyelid masses may be inflammatory or neoplastic. Neoplas¬ 
tic masses are common in dogs; most are benign (sebaceous 
adenomas, benign melanomas, histiocytomas, papillomas) 
and are associated with the meibomian glands. Although less 
common, malignant eyelid tumors include squamous cell 
carcinomas, adenocarcinomas, basal cell carcinomas, or fi¬ 
brosarcomas. Eyelid tumors are rare in cats but when identi¬ 
fied are most commonly squamous cell carcinomas. Eyelid 
m a $ ses c a u sc discom fo rt, i n te r fe re w i t h evel id fu n cti o n, a n d 
may result in keratitis. Eyelid tumors that are growing or that 
cause clinical signs are removed by excision. Laser surgery, 
cryosurgery hyperthermia, immunotherapy, photodynamic 
therapy chemotherapy, and radiation therapy are additional 
therapeutic possibilities for eyelid tumors, and they have 
been used with varying success. Lesions involving the eyelids 
carl be excised and margins directly apposed when less than 
one third of the eyelid margin is involved. The lateral canthal 
ligament is divided to relieve tension if necessary 


FIG 18-63 


Eyelid mass resection. A, Stabilize the lid and provide 
hemostasis with a chalazion clamp. B, Make 
house-shaped incision around tumors i 
third of the eyelid margin. Make a semicircular lateral 
canthoplasty incision approximately the length of the eyelid 
margin if necessary to relieve tension. 0 , Advance the skin 
flap to apppose the edges of the defect, D, Appose the 

in separate layers and appose the 


wedge or 


Stabilize the lid and provide hemostasis with a chalazion clamp 
(Fig, 1 8-63, AJ. If a chalazion clamp is not available, a sterile 
tongue depressor can be used to support and stabilize the lid. Us- 
i ng a No. 15 Bard - Parker blade or a No. 64 Beaver blade, make 
a wedge or house-shaped incision around tumors involving less 
than one th ird of the eyelid margin (Fig. 18-63, B l Remove the 
tumor and I to 2 mm of normal skin on each side , Close the lid 
in two layers as described for laceration repair. Make a lateral 
canthoplasty incision or a semicircular incision approximately the 
length of the eyelid margin to create a sliding flap to allow do - 

Without tension if necessary (see Fig, 18-63, C). Make an el¬ 
liptic t ncision a round masses that do not in valve the lid margin 
conjundiva , are less than 25% of the eyelid length f and 
wider than 4 to 5 mm . Close the skin with in terrupted sutures (4 - 
0 fa 6-0 nonabsorbable} (Fig . / 8-63 f D). Secondary ectropion 
may result if too large a lesion is removed by elliptic excision, if 
ectropion is noted during closure, use on advancement or rota¬ 
tional Hap in lieu of direct oppositional closure . 


involving less than one 


con 

lateral canthus incision. 


A single-pedicle advancement flap and a lip-to-lid flap 
options for reconstruction. 


are 


or 


After resecting the mass , create a single-pedicle advance¬ 
ment flap by extending distall/ the media/ and lateral mci-J 
sions perpendicular to the eyelid margin (Fig, 18-64, AJ 
Undermine and mobili 


are no 


os m uch co njunctiva adjacent to 
the defect as possible to line the flap. Advance the flap to the 
lid margin f aligning it carefully with the remaining lid and] 

suturing it in place (4-0 to 6-0 nonabsorbable) (Fig, 18*64 ,5 
& C). 5u/ure conjunctiva and skin at the 
a simple continuous pattern (6 0 absorbable) (Fig. 18-64, D) 


Masses involving more than one third the length of the 
eyelid margin require advancement flaps for reconstruction. 


new lid margin with' 
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b 


i 


FIG 1 8-64 


advancement 


Reconstruction of the eyelid margin using an 
Pap for a mass involving more than one-third the eyelid 

qth. A., Resect the mass with a rectangular 
:luding 2-nnm margins of norma I skin. Create an 
advancement flop by extending distally the media! and 
'.aleraI incisions. Remove triangles of tissue on each side of 

. Undermine and mobilize 


margin ten 


incision inc 


the flap to prevent dog 
conjunctiva. B and C, Advance the flap to the lid margin 
mg it carefully, D, Suture conjunctiva and skin at the 
lid margin with a simple continuous pattern. Place 
interrupted sutures to appose the remaining Incision, 


ears 




aiignin 






FIG 18-65 

Lip-to-lid reconstruction of large eyelid defects provides 
mucocutaneous junction for the new lid margin. A, Mark two 

parallel incisions on the upper lip at a 45- to 50-degree angle 

line bisecting the medial and lateral canthi. B, Make two 

long the marked lines slightly wider 




a 


at the lateral 


As an alternative, a semicircular incision 
canthus may be used to advance the lateral lid margin of the 

lower lid centrally (see Fig. 18-63, £). Other flaps, 






to a 

full-thickness lip incisions 
than the defect. Split the oral mucosa at 
replace the excised conjunctiva. C, Dissect the skin from the 

mucosa a sufficient length to allow transposition of 

_e. Create a bridge incision from the midpoint of the 

lid defect to the cranial aspect of the donor site, D, Rotate the 

flap into position and suture the 

junetiva. Complete the transfer by suturing the skin flap into 

position and repairing the lip defect 


upper or 

including rotational, Z plasty, bucket handle, and cross-lid 

flaps, can also be created to close detects. 

ij.se a lip-to-lid flap to repair large defects created by 
removal or trauma with a mucocutaneous sub dermal plexus 


X 


me 


□ 




a 


lid 




m 


m ass 






be used to replace part or alt of the low 


flap. The flap can 
lid and can be modified to reconstruct the upper lid. 


er 


oral mucosa to 


remaining 


con 


Mark fwo parallel incisions on the upper lip at a 45- to 50- 
degree angle lb a line bisecting the medial and lateral can- 
(fir of the palpebral fissure. Make the distance between the 
incisions slightly wider than the defect (Fig, ] 8-65, A) Make 
o full thickness lip incision along the marked hues (Fig, 18 - 
65, B,J Split the oral mucosa at a level sufficient to replace 
file excised conjunctiva. Carefully dissect the skin from the 
remaining oral mucosa to allow sufficient pedicle length to 
reach the Hd defect without tens ion . App ose the oral m ucosa 
with simple interrupted or continuous sutures (3-0 to 5-0 ab¬ 
sorbable) (Fig. 18-65 1 C). Create a bridge incision by incis- 
mg from fire midpoint of the lid defect to the cranial aspect 
cf Adf donor site. Rotate the flap into position , then oppose 


the oral mucosa of the flap to the remaining conjunctiva with 
buried interrupted or continuous sutures (4-0 to 6-0 ah- 
rbablel J Complete the transfer by suturing the skin of the 

the remaining lid and then reapposing the skin at 
the lip margins using 4-0 to 5-0 nonabsorbable suture (Fig. 
18-65, D/. To prevent vascular compromise, do not attempt 
to correct skin folds and puckers at the initial reconstruction. 

The cutaneous transfer pedicle may be removed after 4 
to 6 weeks if desired; later, if necessary, the new eyelid mar¬ 
gin can be revised for a more cosmetic appearance. 
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TEMPORARY TARSORRHAPHY 


(6-0 to 9-0 absorbable) through the flap and half the depth of 

the limbus. Then place two additional sutures from the flop to 
the edges o f the cornea, taking care not to penetrate more than 
half the depth of the cornea (Fig. 18-66 , C/. It is important to \ 
get epithetsal-to-epitheliol apposition without flap overlap ., 
Close the conjunctival donor site with a continuous suture pat* 
tern. Medicate the eye with ophthalmic antibiotics and atropine 
if indicated, trim the flap 3 to 4 weeks after surgery after the 
corneal lesion nos healed, allowing the cornea/ attachment to J 
atrophy and undergo fibrosis, thus minimizing scar formotfow 
Alternatively, create a conjunctival bridge graft as shown in I 


Temporary tarsorrhaphy may be performed after correction 

of entropion, ectropion, lacerations, or mass removal to help 

prevent wound contracture during healing. Place horizontal 
mattress 

partial thickness bites oriented parallel 
the lid margin (see Pig, 18-57), 


sutures at the lid margins to appose them using 

or perpendicular to 


CONJUNCTIVAL FLAP 


Conjunctival Haps are 

soemetoceles, and ruptures. Conjunctival flaps from either 
the bulbar or palpebral 
cornea to prov 

vessels and fibroblasts to facilitate healing. The flap perma¬ 
nently adheres to the injured site, where a heavy, opaque 
may develop. Plan the Hap 

larger than the defect it must cover. 


used to treat 


deep corneal ulcers, de- 


conjunctiva adhere quickly to the 
a protective covering that brings blood 


Fig. 18 66,0 ,E. 


Loose and excess conjunctiva can also be trimmed froi 
the cornea to reduce the vascular reaction and subsequent 
scar. Scar remodeling occurs over several months, and find 

insignificant opacity to a dense 




II 


scar 


so that it is a few millimeters 


results vary from an 
leukoma. 






Prepare a thin sliding 


conjunctival flap by grasping the 
junctiva with ophthalmic forceps approximately 2 mm from the 
limbus, Apply traction to tent the conjunctiva and ij 
the cornea with a 


con - 


THIRD EYELID FLAP 


Third eyelid flaps serve 

and protect the cornea after trauma. They 

create than conjunctival flaps but should not be used 

the sole means of support for treating deep corneal ulcers 
d es cem e to ceies. 


ic bandages to support 

are easier to 


near 

pair of tenotomy scissors (Fig. 18-66, A), El¬ 
evate the cut edge, dissecting toward the fornix with tenotomy 
scissors to create a thin flap (Fig. 18-66 , Bj. Position the flap 
over the defect after it has been debnded. Place two 


L J "i 




or 


sutures 


> 


\ 


FIG 18-66 

Conjunctival flap. A, Prepare a thin sliding conjunctival flap by grasping the conjunctiva 

with ophthalmic forceps approximately 2 mm from the limbus; apply traction and incise 

with tenotomy scissors (B). C, Elevate the flap and rotate to cover the corneal defect. Place 

' sutures from the flap through half the depth of the limbus, then place additional 

continuous sutures. D and E, A bipedicle flap can be created and transposed far larg 
corneal defects in a similar manner. 


two 
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cocker spaniel, English hull dog, and Lhasa apso, and most 
first affected at a young age (usually younger than 1 year). Al¬ 
though both removal and replacement techniques have been 
used for treatment, replacement is recommended to reduce 
the incidence of keratoconjunctivitis sicca later in 


Exteriorize and extend the third eyelid hy grasping it with 

cutting needle with swaged - 


are 


forceps and elevating it. Pass 
on 3-0 or d-0 suture monofilament absorbable through the 
upper eyelid in the dorsolateral conjunctival fornix (Fig, 18- 

ternal surface of the 


a 


67, AJ. Direct the needle through the ex 
fed eye/fd under /be crossbar of the 1-shaped cartilage and 
exit through the external surface of the third eyelid on the 
opposite side of the cartilage (see Fig , 18-67, BJ, Direct the 

suture back through the dorsolateral conjunctival fornix and 
ouf tbe upper eyelid. Apply tension on the suture , pu)hng the 

the cornea. Tie the suture over a stent with 

file ends long enough to tie a bow so that the cornea may be 

Fig , 18-67, C). As an alternative , 


To replace the prolapsed gland , grasp and extend the third 

r el id, then make 1 -cm long parallel incisions through the 

bulbar conjunctiva ventral and dorsal to the free margin of 

the gland (Fig, 18-68 , A). Return the gland to its normal po¬ 
oler the gland 


ey 


sition by suturing the two incisions 
(Fig. 18-68, BJ. Use a simple continuous suture pattern of 

6-0 or 7-0 absorbable suture with buried knots * As an after- 

n a five, scarify the conjunctiva over 
purse-string suture around the conjunctiva of the fornix and 

d the gland. Apply downward pressure to the gland as 

Begin and end suture 

that the knot is away from the 


over 


eye 


inspected periodically ( 

double-armed 3-0 to 0 nonabsorbable suture and begin 
by placing /be suture midway along the length of the third 

eyelid and then through the fornix. 


the gland and place 


a 


use 




t 


aroun 


1 


the suture is tied f burying it in mucosa. 

placement in the fornix so l 

An anchor suture may be needed with either tech 


PROLAPSE OF THE THIRD EYELID 


Prolapse or eversion of the third eyelid (cherry eye, haws) is 
caused by e n largem e nt and p rol ap scot t h e gla n d of t he 1 h t rd 

eyelid, a condition thought to be associated with an abnor- 

laxity of the connective tissue that anchors the 
gland to other periorbital tissues. Prolapse may be unilateral 
bilateral. The breeds most often affected arc the American 


cornea , 


keep /be third eyelid from protruding 


or 


mque 

oway from the globe until inflammation and 
Place a single anchor suture through the third eyelid and 
char it to the anterior ventral fornix and periosteum of the or 


swelling resolve. 


t 


or 


o 


is 


b/tof nm (Fig. 18-69). 


or 


>r 










FIG 18-67 , , . , , . , 

Third eyelid flap, A, Pass a cutting needle through the upper eyelid in the dorsolateral 

conjunctival fornix. Exteriorize and extend the third eyelid with forceps and direct the 
needle through the external surface of the third eyelid on the opposite side of the cartilage 
crossbar. B, Direct the suture through the dorsolateral conjunctival Fornix and out the upper 
eyelid. C, Tie the suture over a stent with a bow to allow release and periodic corneal 

inspection. 
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FIG 18-68 

Prolapse of the gland of the third eyelid Is corrected by making 1-cm long parallel incisions through the bulbar conjunctiva 
ventral and dorsal to the free margin of the gland (A), B, Return the gland to a normal position by apposing these incisions 

the gland using a simple continuous suture pattern with buried knots. 
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FIG 18-69 

An anchor suture helps keep the third 


eyelid from 


protruding until 


inilammation and swelling resolve. 

A f Exteriorize the third eyelid with 
forceps and insert the needle from the 
external surface of the third 






* 




eye 

around the internal surface of one 
of the cartilage "T". B, Pass the needle 
beneath the conjunctiva to the other 
arm of the carfilaa 

C, Direct the needle around the 
cartilage arm exiting the third eyelid 
on the external surface, anchoring it 
to the conjunctiva in the ventral fornix 
and periosteum of the orbital rim. 

D, Tie to secure the anchoring suture. 
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TRAUMATIC PROPTOSIS 


three or four sutures and stents to prevent pressure necrosis 
(see Fig: 18-70 f C). Tie these suturesleaving the medial 
canthus open to facilitate administration of topical medica¬ 
tions * Close the lateral canfhotomy incision in two layers. 
Perform a permanent partial tarsorrhaphy in brachycephalic 
dogs with mocropalpebrol fissures to prevent recurrence 
proptosis and exposure keratitis , Medicate with ophthalmic 
atropine\, antibiotics, and corticosteroids if the cornea is in¬ 
tact. Apply hot compresses for 24 hours after surgery to help 
relieve local discomfort and lid swelling. Give analgesics 
needed. Remove tarsorrhaphy sutures 10 to 28 days after 
surgery or sooner if persistent pain , mucopurulent exudate , 
malaise , or pyrexia develop . 

Blindness, lagophthalmos, deviation of the globe, kerati¬ 
tis, corneal ulcers, phthisis bulbi, and glaucoma are common 
sequelae to traumatic proptosis* 


Blunt head trauma, bite wounds, retrobulbar hemorrhage, 
orbital fractures, or restraint of exophthalmic animals may 
result in acute forward displacement ot the globe beyond the 
bony orbit and eyelids (proptosis)* Once displaced, contrac¬ 
tion and inward rolling of the eyelids and spasms of the or¬ 
bicularis ociili muscle prevent return of the prolapsed globe 
to its normal position. Ocular muscle damage, venostasis, 
chemosis, subconjunctival hemorrhage, and corneal drying 
occur. T he pro gnosis for si ght and a c os m et i call y a c cep ta b \ e 
eye depends on llie duration and severity of the prolapse* 
The prognosis is better if the prolapse is mild, the duration 
short, and the pupil miotic* If the optic nerve is severed or 
the globe ruptured, the eye is enucleated, in questionable 
cases, replace the globe and enucleate later if necessary. The 
condition is most common in brachycephalics because they 
have shallow orbits, prominent eyes, and large palpebral fis¬ 
sures. Pro ptosis is a surgical emergency* 


of 


ENUCLEATION OR EXENTERATION 


irrigating solution until the 


Enucleation is the removal of the globe and nictitating 
membrane. Exenteration is removal of the globe, nictitating 

membrane, orbital contents, and lid margins. Enucleation is 
indicated after severe ocular trauma, intractable glaucoma, 
endophthalmitis, panophthalmitis, or intraocular neoplasia. 
Exenteration is indicated for intraorbital neoplasia or ocular 
neoplasia that has extended beyond the globe. Owners 
are resistant to either procedure despite the predicted ini’ 
provement for the animal. 


Keep eye moist with 
anrma/ is anesthetized and lubricate with a sterile viscous lu¬ 
bricant Administer intravenous corticosteroids to treat or 
prevent optic neuropathy and orbital edema (methylpred¬ 
nisolone sodium succinate, 30 mg/kg; then give 15 mg/kg 
of 2 and 6 hours). Aseptically prepare the area 
eye. Fverf and retract the eyelids (Fig. 18-70 1 A) then apply 

gentle retrograde pressure on 
scalpel hand/e, or similar smooth , flat instrument or a mois¬ 
tened cotton ball (Fig. 18-70, BJ. Accomplish lid eversion 

wif/i e/fiher preplaced temporary tarsorrhaphy sutures 

strabismus boot ( 

lateral conthotomy to allow replacement of the globe * Flush 
fhe conjundiVa/ famices with a balanced saline solution. 
Maintain reduction with a 


an 


around the 


a 


Begin enucleation with a lateral conthotomy by incising 1 to 
2 cm laterally from the junction of th 
lid margins wi*h scissors or a scalpel blade , Grasp /he con¬ 
junctiva near the limbus with thumb forceps and moke a 

360-degree perilimbal incision (Fig. 18-71 f A }. Separate the 




or a 


upper and tower eye 


Fig. 1 8-70, AJ. If necessary perform a 


e 


temporary tarsorrhaphy using 




FIG 18-70 

Proptosis, A, Evert and retract the eyelids with preplaced temporary tarsorrhaphy sutures 
B, Apply gentle retrograde pressure on the globe with a lid plate or scalpel handle to 

the orbit. Perform a lateral conthotomy if necessary. C, Maintain reduction 

by tying temporary tarsorrhaphy sutures. 


replace it 
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oculi vein heated superficial and medial to the medial con- 
thal tendon . Close the conjunctiva , orbital septum t and 
Tenons capsule with a simple continuous pattern using 3-0 
absorbable suture (see Fig . 18-71 , 0). Appose subcutaneous 
tissues with 3-0 or 4-0 absorbable oppositional sutures and 
close the lid margins with 3-0 or 4-0 nonabsorbable oppo¬ 
sitional sutures (see Fig. 18-71, EJ' 


capsule f and extraocular muscle from 

or an electro - 


co n junctiva f Ten o n s 

the sclera with curved Metzmbaum scissors c 


surgical unit (Fig. 18-71 f BJ. Remove the lacrimal gland lo¬ 
cated beneath the orbital ligament if it was not removed with 
the globe. After freeing these attachments to the globe , lig - 

sever the optic nerve with scissors or an electrosur- 
gical unit (see Fig , 18-71, B). Avoid excess traction on the 

optic nerve, because injury to the optic chiasm may damage 
vision in the remaining eye . Control hemorrhage with gentle 

alginate. Excise the third eyelid and its 
3 to 4 mm of the eyelid margins stopping at 

18-7 J , C). Avoid the angularis 








» 






Exenteration is performed much like enucleation except 
that it begins by suturing the eyelids together and then ex¬ 
cising their margins and conjunctiva, together with the globe 
and intraocular muscles 




pressure or 


gland. Excise 


the medial canthus (see Fig. 
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FIG 18-71 

Enucleation, A, Perform a latera 

make a 360-degree 

extraocular muscles from the sclera, then ligate and secure the optic nerve. C, Excise 3 to 
4 mm of the eyelid margins. D, Close the conjunctiva, tendon's capsule, and orbital 
septum. E, Appose the subcutaneous tissues and skin of the eyelid margins. 


canthotomy, then grasp the conjunctiva at the limbus and 
imbal incision. B, Separate the con unctiva, tendon's capsule, and 
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er 
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Anderson DM* White RAS. ischemic bandage injuries: a 
case series and. review of the literature. Vef 5urg 29:488, 
2000. A retrospective clinical study was undertaken to deter¬ 
mine the prognosis and distribution of ischemic injuries 
caused by inappropriate bandaging of the lower limb in dogs 
and cats! Of the 11 animals with complications associated 
with bandages, 5 required full thickness skin grafts, 3 had to 
have digits amputated, and 2 required limb amputations. 
The authors concluded that bandage-related injuries are po- 

and that the method of bandaging, the 


NOTE * Cosmesis con be improved by using mesh 
or spherical orbital implants or by transposing the 
temporalis muscle to the orbit to prevent concavity 
after either enucleation or exenteration. 




3 


d 


)- 
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core biopsy, and the 


Eckstein RA, Hart RL. Treatment of canine acral lick der¬ 
matitis by behavior modification using electronic stimula- 

/ Am Anim Hosp Assoc 32:225,1996. In this study re¬ 
evaluated for treatment of 


cases 


dogs and cats were examined by needle 
Jesuits were compared to the results of surgical biopsy to as¬ 
sess the accuracy of the needle core technique* Needle core 

specimens obtained before surgical biopsy 

single pathologist, who evaluated both samples and was 
blinded to the results of surgical biopsy when evaluating the 

The results indicated that needle core 


mote punishment for licking 

ral lick dermatitis. In 4 of 5 dogs the technique 

proved effective. Although some dogs had recurrence 9 to 12 

months after therapy, a brief training session corrected the 


was 


canine ac 


s u b m itt ed 


unwanted behavior. 


to a 


Fowler JD, Denger DA, Walshaw R, Walker D> Microvascu- 
lar free tissue transfer. Vet Surg 27:406,1998, The outcomes 

and complications in 44 client-owned 
undergoing microvascular reconstructive procedures at 
veterinary institutions were examined; 93% of the flaps 


Iru-Cut specimens 

biopsy can accurately predict surgical biopsy. Therefore 
die core biopsy performed before surgical excision ol masses 
an facilitate planning and reduce the need tor numerous 

surgical procedures. 


n e e - 


dogs and one wallaby 
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mato logic surgery was effective in reducing the infection 
rate. The authors recommend using nafdllin and buffered li- 
docaine solution. 

Jankowski A), Brown DC, Duval f, Gregor TP, Strine LE, 
Ksiazek LM, Ott AH. Comparison of effects of elective 
tenectomy or onychectomy in cats. / Am Vet Med Assoc 
213:370, 1998. Cats undergoing tenectomy and onychec¬ 
tomy were compared for pain and owner satisfaction. Cats 
that underwent tenectomy had lower pain 
that underwent onychectomy; however, owners were dissat¬ 
isfied after tenectomy because some cats retained the ability 
to scratch, trimming nails was difficult, thick claws irritated 
the cats, and/or the cats were chronically lame. 


survived. Graft failure was significantly associated with the 
experience of the surgeon. The authors suggest that both the 
surgeon and the assistant surgeon should be practiced in mi- 
crosurgical technique, 

Griego RD* Zitelli JA, Inframcisional prophylactic antibi¬ 
otics for dermatologic surgery. Arch Dermatol 134:68, 

1998, A prospective, blinded, randomized, placebo- 
controlled trial was conducted in 799 consecutive human 
patients over an 8-month period. The objective of the study 
was to determine the efficacy of intraindsional antibiotics in 
reducing the risk of wound infection in cutaneous surgery. 
The results of the study showed that a single intraindsional 
dose of an antibiotic administered immediately before der- 






















GENERAL PRINCIPLES 


tympanic membranes that were treated with 0,2% chlor- 


AND TECHNIQUES 


hexidine (Merchant et aL 1993), 


The owners expectations must be considered before 
planning surgery in animals with ear disease- Always ques¬ 
tion owners as to thei r perception of the dog’s hearing before 
surgery, because total ear canal ablation may diminish hear¬ 
ing and be unacceptable. Most owners of dogs with severe, 
chronic otitis externa or media do not report substantial 
changes in their pets' hearing after this procedure, probably 
because marked hearing loss already had occurred before 
surgery. Similarly, brainstem-auditory evoked responses re¬ 
veal that auditory function declines minimally after total ear 
canal ablation in dogs with chronic otitis externa* 


DEFINITIONS 


Otitis externa is inflammation of the vertical or horizontal 
ear canal or both; otitis media is inflammation of the tym¬ 
panic cavity and membrane. 


PREOPERATIVE CONCERNS 


To anticipate surgical complications in animals undergoing 
ear surgery, it is imperative to determine the extent and 
severity of disease. Thickening and calcification of the ear 
canal indicate irreversible inflammatory disease, A sharp 
pain response cm deep palpation of the ear may indicate 
middle ear i n feet io n, wh e rea s a head tilt m ay i indicate s eve re 
pain in the ear cm the lower side or otitis media or interna 
(see p. 243), The latter conditions should be suspected if the 
head tilt is associated with circling, nystagmus, vestibular 
dysfunction (loss of balance), or all of these. Facial nerve 
deficits in patients with chronic otitis externa, such as poor 
palpebral reflex, lip droop, and facial spasms, suggest that the 
facial nerve is embedded in the horizontal canal or that seri¬ 
ous concurrent middle ear disease also is present. Such ab¬ 
normalities should be noted before surgery to avoid confu¬ 
sion wi th those caused by i n t rao p e rat i ve t ra u m a d u rmg to ta \ 
ear canal ablation, 

Otoscopic examination should determine ii the tym¬ 
panic membrane is intact and should define the severity of 
change in the horizontal and vertical canals* Always inspect 
both ear canals, even if the animal has unilateral clinical 
signs. Skull radiographs are taken to determine if concur¬ 
rent middle ear disease or neoplasia exists (see p. 244). Pro¬ 
liferation of cartilage or bone around the horizontal ear 
canal should he noted. After the radiographs have been 
taken, the ear should be cleaned; however, it the tympanic 
membrane has ruptured, do not use chi or hexidine in a so¬ 
lution stronger than 0.2%, iodine and iodophors, ethanol, 
benzalkonium chloride, or an aminoglycoside antibiotic. 
No ototoxicity was seen in dogs with surgically ruptured 


NOTE * Be sure that the owner is aware of the 
dog's hearing deficits before surgery. This reduces 
owner dissatisfaction associated with any perceived 
hearing loss after surgery. 


ANESTHETIC CONSIDERATIONS 


Most animals undergoing ear surgery are healthy, and a va¬ 
riety of anesthetic protocols can be used. Ear surgery is 
painful, particularly total ear canal ablation, vertical canal 
resection, and lateral canal resection. Although butor- 
pHanoi (0.2 to 0,4 mg/kg given subcutaneously or intra¬ 
muscularly) and buprenorphine (5 to 15 jug/kg given in¬ 
tramuscularly) are common premedicants in dogs, 
oxymorphone (Table 19-1) appears to be a better analgesic 
for dogs undergoing ear surgery. Saturating the surgical 
site with bupivacaine hydrochloride (splash block; use a 
volume sufficient to cover the area but do not exceed 2 
mg/kg) before closing the incision after resections or abla¬ 
tions may increase the patient’s comfort in the early post¬ 
operative period. The area should not be flushed after a 
splash block for at least 20 minutes. In cats, a variety of 
anesthetic protocols (i.e., chamber induction with isoflu - 
rane, barbiturates, or a combination of ketamine and di¬ 
azepam) can be used after premeditation with butor- 
phanol or buprenorphine to achieve anesthesia for ear 
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procedure or during surgery but after intraoperative cultures 
have been taken. Cultures of deep tissues taken during 
gery often are more useful than preoperative cultures. If pos¬ 
sible, ototoxic antibiotics should be avoided (i.e., gentam¬ 
icin, kanamycin, neomycin, streptomycin, tobramycin, 
amikacin, polymyxin B). Tris-EDTA solution (see p. 242) may 
be beneficial in animals with resistant infections. A recent 
study found that only 70% of bacterial isolates in dogs 
dergoing ear surgery were susceptible to cefazolin, whereas 
more than 90% were susceptible to amoxicillin - davulanate, 
1 1 carcillin-davulanate, ciprofloxacin, and ticarcillin (Vogel et 
ah, 1999). 


TABLE 19-1 


sur- 


Selected Anesthetic Protocols for Ear Surgery 


Dogs 

Premeditation 


Give atropine (0.02-0,04 mg/kg SC or IM) or glycapyrro- 

late (0,005-0.01 1 mg/kg SC or IM) plus oxymarph 
[0,05-0.1 mg/kg SC or IM; see text) 


one 


u n- 


tndvction 

Thiopental sodium (10-12 mg/kg IV) or propofol (4-6 
mg/kg IV) 

Maintenance 

Isoflurane or halothane 

Cots 

Premedication 

Give atropine (0,02-0.04 mg/kg SC or IM) or glycopyrro- 
late (0,005 0,01 1 mg/kg SC or IM) plus butorphanol 
(0,2-0.4 mg/kg SC or IM) or buprenorphine (5-15 

ttg/kg IM) 

Induction 

Use chamber induction with isoflurane; or thiopental 
sodium or propofol at dosage given above for dogs; c 

diazepam plus ketamine (0,27 mg/kg and 5,5 mg/kg, 

respectively; see text] combined and administered IV to 
e ffect 

Maintenance 

Isoflurane or halothane 


SURGICAL ANATOMY 


The ear is composed of three parts: (1) the inner ear, which 
consists of a membranous and a bony labyrinth and func¬ 
tions for hearing and balance, (2) the middle ear, which is 
formed by the tympanic cavity and connects to the phar¬ 
ynx via the auditory tube (eustachian tube), and (3) the 
ternal ear, which is formed by the auditory meatus and 
short canal (Fig. 19-1). The middle and external 
separated by the tympanic membrane, and (he opening of 
the horizontal canal into the middle ear is known as the ex¬ 
ternal acoustic meatus. The three auditory ossicles (stapes, 
malleus, and incus) connect the tympanic membrane to 
the inner ear. The tympanic cavity is air filled and in dogs 
is composed of a small dorsal epitympanic recess and a 
large ventral tympanic bulla, tn medium-size dogs the long 
axis of the tympanic cavity is about 15 mm. The auditory 
ossicles are found in the middle portion of the tympanic 

c av i ty. 

The feline tympanic cavity is divided into two compart¬ 
ments by a thin, bony septum that arises along the cranial as¬ 
pect of the bulla and curves to attach to the midpoint of the 
lateral wall (Fig, 19-2). Most of the lateral wall of the smaller 
craniolateral compartment is formed by the tympanic 
brane. These compartments communicate through 
fissure on the caudomedial aspect ot the bony septum. Near 
this fissure the sympathetic nerves form a plexus on a struc¬ 
ture known as the promontory. Because of their vulnerable 
location, these nerves are often traumatized during surgical 
curettage of the middle ear (i.e,, Horners syndrome; see 
p. 239). The tympanic membrane normally is thin and semi¬ 
transparent but may thicken or rupture when diseased. The 
facial nerve exits the stylomastoid foramen caudal to the 

and courses ventral to the horizontal canal dose to the mid¬ 
dle ear. 

The external ear varies in size and shape among dog 
breeds, The auricular cartilage determines the appearance of 
the canine pinna. 1 he base of the ear is composed of a 
her of ridges that are important landmarks for ear surgery 
(Fig. 19-3). These include the tragus, lateral crus of the helix, 
pretragic incisure, and intertragic incisure. The external 
opening of the vertical canal is known as the external audi¬ 
tory meatus. Numerous muscles attach to the cartilage of the 
ear, allowing it to move to localize sound. 


ex¬ 


ears are 


or 


SC, Subcutaneous; !M, intramuscular; N f intravenous. 


surgery (see Table 19-1). Ketamine should noi be given to 
cats with neurologic dysfunction. 

Postoperative analgesics should be given after 
gery. If oxymorphone w r as used as a premedicant, it should 
be read ministered 3 to 4 hours later (0.05 to 0.1 mg/kg 
given intravenously, subcutaneously, or intramuscularly). If 
the animal appears dysphoric or anxious, tranquilization 
may be necessary; however, tranquilizers should be used 
only in animals that have been given sufficient analgesics. If 
acepromazine is not contraindicated by hypotension 
seizures, low doses may be given (0.025 to 0.05 mg/kg give 

subcutaneously, intramuscularly, or intravenously; do not 
exceed I mg). 


mem - 


ear sur- 


a narrow 


or 


ear 


ANTIBIOTICS 


Preoperative antibiotics are recommended in animals 
dergoing aural surgery. Bacterial cultures should be 
formed in those with purulent discharge and appropriate 
antibiotics initiated before surgery. Severe infection should 
be treated for several weeks before surgery with systemic 
topical antibiotics or both. In less severely affected animals, 
broad-spectrum antibiotics may be given before the surgical 


un- 


num- 


p e r - 


or 
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FIG 19-3 

Landmarks of the external ear in dogs. 


FIG 10-3 

Feline tympanic cavity. 
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SURGICAL TECHNIQUES 






Numerous surgical techniques have been described for the 
treatment of ear disease in dogs and cats. Only the more 
commonly performed procedures are described here. When 
performing a lateral canal resection or vertical canal abla¬ 
tion, be sure you are prepared to perform a total ear canal 
ablation if the opening of the horizontal canal is stenotic or 
too narrow to allow adequate drainage. 
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Lateral Ear Canal Resection 

Lateral ear canal resection increases drainage and improves 
ventilation of the ear canal. It also facilitates placement of 
topical agents into the horizontal canal. Lateral ear canal re¬ 
section is indicated in patients with minimal hyperplasia of 
the ear canal epithelium or small neoplastic lesions of the 
lateral aspect of the vertical canal. It should not be per¬ 
formed in animals with obstruction or stenosis of the bori- 

ear canal or concurrent otitis media (unless per¬ 
formed in conjunction with ventral bulla osteotomy; see 
below), or in patients with severe epithelial hyperplasia. 
Dogs with underlying disease, such as hypothyroidism or 
primary idiopathic seborrhea, often respond poorly to this 
surgery. Owner counseling is extremely important before 
performing a lateral ear canal resection. Most studies have 
shown that owner satisfaction is low when lateral ear canal 
resection is performed for chronic otitis externa in dogs. In 
one study the outcome of surgery was unacceptable in 
86.5% of coeker spaniels (Sylvestre, 1998). A modification of 
the original technique for lateral ear resection, described by 
Lacroix, established a "dr a inboard" and is known as a Zepp 
procedure (Fig, 19-4). The drainboard restricts hair growth 
at the horizontal canal opening. 
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FIG 19-4 

Lateral ear resection (Zepp procedure). 




NOTE • Make sure the owner understands that lat¬ 
eral ear canal resection is not a cure and that med¬ 
ical management of the ear probably will be neces¬ 
sary for the remainder of the animal's life. 




ovoid inadvertently damaging the facial nerve . Note fel 
parotid gland at the ventral extent of the incision and avoid! 
damaging it. Standing at the dorsal aspect of the anjWi 
headuse Mayo scissors to cut the vertical canal (Fig. i PdJ 
CJ. Place one blade of the scissors in the canal at the pwl 
tragic or tragohelicine incisure at the cranial (or media fj c<*| 
ped of the external auditory meatus and , with the scissors c' 1 
30'degree angle ; incise the canal ventrally to the (eve/ c>] 
the horizontal canal Repeat the process beginning atrtei/v 
tertragic incisure (caudal or lateral aspect of the external cH 
ditory meatus). Do not allow the incisions to converge toward 1 
die lateral aspect of the canal or the drainboard will be r cc| 










Clip the entire side of the face and both sides of the pinna. 
Gently flush the ear and remove as much debris as possible , 
Position the animal in lateral recumbency with the head ele¬ 
vated on a towel and prepare the pinna and surrounding 
skin for aseptic surgery. Place quarter drapes around the ear 
with the entire pinna draped into the surgical site . Stand at 
the ventral aspect of the dog s head and position a forceps 
into the vertical ear canal to determine its ventral ex ten t, 
Mark a site below the horizontal ear canal that is half the 






a 




narrow. Be sure to extend the incisions as 
beginning of the horizontal canal , 

lie flat against the skin. Reflect the cartilage flap distallyml 
inspect the opening of the horizontal canal; if indicated, oq 
tain cultures (Fig. 19-5 , Dj. Occasionally the opening can b? j 
widened by maleing two smalI cuts at the cranial and cauwl 
aspects. Resect the distal half of the cartilage flap to mate 
drainboard and remove the skin flap . The ligament beftvffl 
the horizontal and vertical flaps usually acts as a hinge flyrg 
low the drainboard to lie flat , buf in some 
cartilage on the ventral aspect of the drainboard fcefi 


> h c d ta i n 7 do rd will nof I 


length of the vertical ear canal (Fig. 19-5 , A]. Make two 

parallel incisions in the skin lateral to the vertical ear canal 
that extend from the tragus ventrally to the marked site (Fig. 
19-5, Bj. These incisions should be one and one half times 
the length of the vertical ear canal. Connect the skin incisions 
ventrally and , using a combination of sharp and blunt dis¬ 
section , reflect the skin flap dor sally, exposing the lateral 
tilaginous wall of the vertical ear canal. During dissection 
stay as close as possible to the cartilage of the ear canal to 
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no 19-5 . , , f . , , 

Lateral ear canal resection. A, Mark a site one half the length or the vertical ear canal 

below the horizontal ear canal. B, Lateral to the vertical ear canal, rooks two parallel 

rked site. C, Connect the skin 


incisions that extend from the tragus ventrally to the mo 

incisions ventrally and reflect the skin flap dorsally, exposing the lateral cartilaginous wall 
of the vertical ear canal. Use Moyo scissors to cut the verticol canal. D/ Reflect the 
cartilage flap disfally and inspect the opening of the horizontal canal Resect the distal hair 
of the cartilage flap to make the drainboard and remove the skin flap. E, Place sutures 
From the epitheliol tissues to the skin* Begin suturing at the opening of the horizontal canal, 

then suture the drainboard. 


the 
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a vo id 


EL 


t 


19-5, 


5 pre- 
nlj as- 


ol as for a lateral ear canal re¬ 


position and prepare the anim 

section , Make a T-sbapec/ incision with the horizontal com 

ponent parallel and just below the upper edge 
(Fig. 19-7, A). From the midpoint of the horizontal incision , 

make a vertical incision that extends to the level of the hori¬ 
zontal canal. Refract the skin flaps , reflect loose connective 

tissue , and expose the lateral 
(Fig. 19-7 , BJ. Continue the horizontal incision through the 

cartilage around the external auditory meatus with a scalpel 
blade. Remove as much of the diseased tissue on the medial 
surface of the pinna as possible but ovoid damaging the 
jor branches of the great auricular artery : Use curved Mayo 

to dissect around the proximal and medio! aspect of 

the vertical canal . During dissection stay as close as possible 

aid inadvertently dam¬ 
aging the facto! nerve , Free the entire vertical canal from all 
muscular and fascial attachments (Fig. 19-7, CJ, Transect the 


liiis. Place absorbable or no nabsorbab/e monafilament su¬ 
ture s (3*0 or 4-0) from the epithelial tissues to the skin (Fig. 
IP'S, EJ, Begin suturing at the opening 
canal first, then suture fbe drainboard. Last , suture the cranial 
and caudal aspects of the medial wall of the vertical ear 

conal to fhe skin (see Fig. 19-5, EJ. 

Vertical Ear Canal Ablation 

Vertical canal ablation can be performed when the entire 
vertical canal is diseased but the horizontal canal is normal, 
it may be the technique of choice when neoplasia is confined 
10 the vertical canal or in some animals with chronic otitis 
ulema. Total removal of the vertical canal may result in less 
postoperative exudation and pain* t his technique may also 
provide a better cosmetic appearance of the ear than lateral 
ear canal resection when an abundance of hyperplastic tissue 

is present in and around the vertical canal (Fig. 19-6), 
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beneficial to those with severely stenotic ear canals. Occa- 

of the horizontal canal can be treated by 


sionally, neoplasia 
total ear canal ablation. Because of the potential for serious 

should not be performed on an- 


) 


complications, this surgery 
idials with mild disease or by surgeons unfamiliar with the 
anatomy of the ear. A high percentage ot dogs that undergo 
TECA have associated skin disease, such as seborrhea, atopy, 

contact allergy dermatitis. The skin disease should 
be treated before resorting to surgery, because effective der¬ 
matologic therapy usually benefits the 

condition is unresponsive, TECA is preferred over lateral ear 
resection (see p. 232) and should be performed in conjunc¬ 
tion with a lateral bulla osteotomy (see pp. 236). 
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NOTE • Most animals with severe, chronic otitis ex- 
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have concurrent otitis media. Removing the av- 




tema 

enue for drainage of exudative material by perform* 

TECA without treating the otitis media 
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disastrous, fherefore always perform 
teotomy in conjunction 
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ol in lateral recumbency with the fleadefe 


Position the anim 

voted with a towel Prepare the pinna and surrounding sl| 
for aseptic surgery. Aiafle o T'shaped rncfc/on wiffl jfleflop 
zontul component parallel and just below the upper edged 

ffre fraqus (Fig, 19-9, Aj. From fFe midpoint of the hoffzcij 

fal incision, make a vertical incision that extends to fustporfj 

tFe level of the horizontal canal (see Fig . J 9-9, Al Ren 

the sfcm flops, reflect loose connective tissue , and exposem 
lateral aspect of the vertical canal Continue the floflzo™ 
incision around the opening of the vertical ear canoMc 
scalpel blade (Fig. 19-9, BJ. Use curved Mayo scissors feAj 

round die proximo/ and media/ aspect of the vert™ 
/ (Fig. 1 9-9, C). During dissection stay as close as poll 
the cartilage of the ear canal to avoid inodveriedf 

Avoid damaging the nqaf 
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FIG 19-6 

Vertical ear canal resection ma 
entire vertical canal is diseasec 


be performed when the 
iut the horizontal canal is 


sect a 


cana 


sible to 

damaging the facial nerve . 
branches of the great auricular artery at the medial ospm 
of the vertical canal identify the facial nerve as it cadjfl 

caudoventrally to the horizontal canal (gently retrod: if if™ 

ry). if the facial nerve is trapped within fhickened, djfl 
fled horizontal canal tissue , careful// dissect tfle nerve fropj 
the horizontal canal Continue the dissection to tfle Mjf ^ 

Wje externa/ acoustic meatus (Fig, I 9-9, D). Excise tfl & b 

ntal canal attachment to the external acoustic meatus^ 

scalpel blade , rongeur, or Mayo scissors but be cardial 

. Remove tfle en™«d 

just in side tfie iw 
for histologic 


dorsal to the horizontal 


vertical canal vent rally I to 2 

canal and submit it for histologic examination (Fig. 19-7 1 D ). 
Incise the remnant of the vertical canal cranially and 

dally to create dorsal and ventral flaps fFIg, J 9-7 Ej. Reflect 

the ventral flap downward and suture it to the skin for 

nonabsorbable monofilo- 


cau- 




essa 


a 




U1 


drainboard using absorbable 

(2-0 to 4-0). Suture the dorsal flap to 




or 




Btt 


e 


meat sutures 

and close the subcutaneous tissues with 

ture material (2-0 or 3 0). Then close the skin in a T shape 


. Ii 


absorbable su* 


an 


a 


avoid damaging the facial nerve 

canal and obtain deep cultures around or 

ternal acoustic meatus. Submit the ear j 
nation. Use a curette to carefully remove secretory tissue M 

is adherent to tfle rim of the external acoustic meatus (fij 
\9~9 f Be sure to remove all epithelial tissues in (bflj 

gion, or chronic fistulation will occur, Perform a lateral Mj 

osteotomy (see belowfl Flush the 
lution before closure. Close the subcutaneous tissues 
sorbable suture (2-0 or 3^0) and close the sflirr In a T si J 




Total Ear Canal Ablation 




In animals 


Total ear canal ablation (TECA ) is indicated 
hxonic otitis externa that has failed to respond to appropri- 

ate medical management, in cases of severe calcification and 

when severe epithelial hy- 

vertical ear canal (Fig, 




c 


cartilage, or 


ossification of the ear 
pe r p las i a exte n ds beyo nd the p in n a o r 
19-8), The procedure commonly is performed on animals in 

which lateral ear resections have failed, and it may also be 
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FIG 19-7 

VerticoE ear canal resection. A, Make a T-shaped incision with the horizontal component 
parallel and just below the upper edge of the tragus. From the midpoint of the horizontal 
incision, make a vertical incision that extends to the level of the horizontal canal. B, Retract 
the skin flaps, reflect loose connective tissue, and expose the lateral aspect of the vertical 
canal, C, Continue the horizontal incision through the cartilage around the external 
auditory meatus with a scalpel blade. Use curved Mayo scissors to dissect around the 
proximal and medial aspect of the vertical canal., Free the entire vertical canal from all 
muscular and fascial attachments, D, Transect the canal ventrally I to 2 cm dorsal to the 
horizontal canal and submit the canal for histologic examination, I, Incise the remnant of 
the vertical canaE cranially and caudally to create dorsal and ventral flaps, F, Reflect the 
ventral flap downward and suture it to the skin for a drainboard. Suture the dorsal Rap to 
the skin and dose the subcutaneous tissues. Then close the skin in a T shape. 
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Total ear canal ablation. 
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FIG 19-9 


Total ear canal resection. A, Moke a T-shaped Incision with the horizontal component 
parallel and just below the upper edge of the tragus. From the midpoint of the horizontal 
incision, moke a vertical Incision that extends to just past the level of the horizontal canal. 
B, Retract the skin flaps, reflect loose connective tissue, and expose the lateral aspect of 
the vertical canal. Continue the horizontal incision around the opening of the vertical ear 
canal with a scalpel blade, C, Dissect around the proximal and medial aspect of the 
vertical canal, D f Continue the dissection to the level of the external acoustic meatus. 

E, Excise the horizontal canal attachment to the external acoustic meatus with a scalpel 
blade, rongeur, or Mayo scissors and use a curette to carefully remove secretory tissue that 

is adherent to the rim of the external acoustic meatus. F, If desired, 

*« 

Close the subcutaneous tissues and skin. 












pace a Penrose drain. 




(Fig. 19-9, F/. If drainage is desired , use blunt dissection to 
exit a Penrose drain (V 4 - to 1 A- inch wide) or soft rubber tub - 
ing ventral to the incision in a dependent area (through a 
separate stab incision) or use closed suction drainage (e g 
butterfly catheter and Vacutainer tube). The end ot the drain 
near the tympanic caW ty may be secured w ith a single suture 

of chromic catgut (4-0 or 5-0). Secure the drain fa the skin 

at the exit site. 


improves drainage. It should be performed in conjuncuoi 
with total ear canal ablation in animals with chronic otitis 
externa and middle ear disease. Although a lateral bulb os¬ 
teotomy affords less exposure to the tympanic cavity than a 
ventral osteotomy, it does not require that the animal be 

repositioned and is preferred when performed in conjura¬ 
tion with TECA, I 


! 


r 










8 /un fly di ss ect th e tis s ues from th e late ral aspect a f the k 
using a small periosteal elevator. Avoid damaging £srocc/i 
of the ex fern at carotid artery that travel just ventral to t 
bulla . Rongeur the lateral and ventral aspect of the bulb u 


Lateral Bulla Osteotomy 

Lateral bulla osteotomy exposes the tympanic cavity so that 
exudate and secretory epithelium can be removed, which 
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canal is exposed (Fig. 
needed to fully visual- 


tfl f/ie caudal aspect of the middle 
19- J 0). Ex ten d the bony excis ion 
iie the contents of the tympanic cavity . Use a curette to re¬ 
move infected materia! but avoid curetting in the dorsal or 
cfcrsomedia/ area of the tympanic cavity so as 
age the auditory ossicles or inner ear 

gate ffie cavity with saline to 


structures. Gently irri 
remove all remaining debris . 


Ventral Bulla Osteotomy 


Ventral bulla osteotomy allows increased exposure of the 
tympanic cavity and can be performed alone or in conjunc¬ 
tion with lateral ear resection. It is the technique of choice 
when middle ear neoplasia is suspected and, in cats, for na 
sopharyngeal polyps involving the middle ear This tech 
nique provides better drainage of the bulla than does lateral 
hulk osteotomy and allows both bullae to be opened with¬ 


out repositioning the animal. 


Place the patient in dorsal recumbency and prepare a gen- 

surrounding the angle of the mandible for asep¬ 
tic s urgery. PaIpate the bulla immediately caudal and medial 

ramus of the mandible. Draw an imaginary 
line connecting the mandibular rami and a second imagi¬ 
nary line along the long axis of the ventral aspect of the 
(lead ffig. 19 11, Aj* Mate a 7- to IQ-cm incision parallel 
to tfje mid/ine of the dog and centered 2 cm toward the 
affected side from where these imaginary lines intersect 

(see Fig . 19- I J, AJ* Incise the platysma muscle , retract the 


emus area 


9 


to 


! 


Tympanic 

cavity 


FIG 19-10 

Lateral bulla osteotomy. 
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FIG 19-1 1 

Ventral bulla osteotomy. A, For ventral bulla osteotomy, draw an i magi nor 
the mandibular rami and a second imaginary line along the long axis of the ventral aspect 
of the head. Make a 7- to IQ-cm incision parallel with the midline of the neck and centered 
2 cm toward the affected side from where these imaginary lines intersect. B, Incise the 
platysma muscle, retract the linguofacial vein if necessary, and deepen the incision by 
bluntly dissecting the digastricus muscle (lateral) from the hypoglossal and styloglossal 
muscles [medial). Confirm the location of the bulla and use selbretaining retractors to spread 
the digastricus and glossal muscles and retract them from the bulla. 
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SUTURE MATERIALS AND SPECIAL 

INSTRUMENTS 
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Electrocautery is useful for ear surgery because numerous 

vessels are encountered. Small curettes simplify removal of 
the epithelial tissues on the bony rim at the external acoustic 
meatus. Rongeurs are used to remove the lateral aspect of the 
bulla when performing a total ear canal ablation. A Stein- 
mann pin, hand chuck, and rongeurs are necessary for ven¬ 
tral bulla osteotomy (unless the bone has been eroded by in¬ 
fection or neoplasia). Self-retaining retractors are useful 
when performing a ventral bulla osteotomy to allow rettac¬ 
tion of the muscles superficial to the bulla. Culture swabs 
(both aerobic and anaerobic) should be available whenever 

ear surgery is performed. Monofilament suture ii.e., poly- 

dioxanone, pofyglyconate, poliglecaprone 25, polypropy¬ 
lene, nylon) should be used to suture the epithelial tissues of 

the canal to the skin. 
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FIG 19-12 

During a ventral bulla osteotomy in cats, be sure to examine 
both compartments of the bulla. The cat's nose is toward the 
left. [Courtesy H. Boothe, Texas A&M University.) 






POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative analgesics should be given after ear canal resec¬ 
tion or ablation (see the discussion on anesthetics on p. 229. 
and tranquilizers may be administered if the animal appeals 
dysphoric or anxious (see p. 230). A bandage should be plad 
over the ear or ears, and an Elizabethan collar or side rax 
should be used to prevent bandage removal or ear mutilatior. 
If swelling is excessive, a hot pack can be applied to the side of 
the face several times a day tor the first few days after surgery 
-Antibiotics should be based on culture results and continued 
for 3 to 4 weeks. Penrose drains generally can be removed in) 
to 7 days, and sutures can be removed in 10 to 14 days. 


linguofacial vein if necessary, and deepen the incision by 

bluntly dissecting the digastricus muscle (lateral! from the 

hyoglossus and styloglossus muscles (medial). Avoid cfom- 

located on the lateral aspect of 

cle. Confirm the location of the bulla 




aging the hypoglossal 
the hypoglossus muse 

and use self-retaining retractors (ie y Gelpi or Weitlaner) to 
spread the digastric and glossal muscles and retract them 
from the bulla (Fig. 19-11, BJ. Palpate the bulla craniome - 

dial to the cornu process of the hyoid bone and caudome- 
dial to the angle of the mandible. Bluntly dissect tissues from 
the ventral surface of the bulla and use a Stemmonn pin to 
make a hole in its ventral aspect (Fig. J 9-12). Enlarge the 
opening with a small rongeur (i.e., Lempert}. Examine Ae in¬ 
ter/or of As bulla for inflammatory debris , neoplastic tissue , 
foreign bodies and obtain samples for culture , sensitivity, 
and histopathologic examination. In cats , be sure fa exam¬ 
ine bo A compartments of Ae bulla (see the discussion 
surgical anatomy, p . 230 , and Fig. 19-12 J« F/ush Ae cavity 

with warm saline, and if evidence of infection is noted or 
continued drainage is anticipated , place a small f fenestrated 
drain tube in the cavity and exit it A rough a separate stab 
incision , Suture Ae fenestrated portion of the drain tube to 
the bulla with small chromic gut suture (4-0 to 6-0}. De- 

the amount of exudation , remove the drain in 3 


nerve 


/ 




NOTE • Monitor these patients closely aftey sur¬ 
gery, Bandages or excessive swelling, particularly 
after bilateral TECA and lateral bulla osteotomy 


may impair respiration. 


or 




COMPLICATIONS 




on 


Complications other than inadequate drainage and contin¬ 
ued otitis externa are uncommon after lateral ear resection 

vertical ear canal ablation. Clinical signs 

not be relieved in dogs with underlying 


associated will 




or 


j 


otitis externa may 
dermatologic disease that cannot be effectively managed.!! 

the opening ol the horizontal canal is insufficient for j 

drainage or if these techniques are performed in aims 

with concurrent middle ear disease without treating tk 

middle ear infection, the result is persistent or recurred 

signs of otitis externa. Facial nerve palsy is a rare complicaj 

tion of vertical ear canal ablation. Complications of TEC) 

superficial wound infections, facial 

vestibular dysfunction, deafness, chronic fistulation orab-j 

scessation, and avascular necrosis of the skin of the pinfflsl 

are potentially more serious than with the other techmq..: 

discussed in this chapter. Facial nerve paralysis, which m 

ally resolves within a few weeks of surgery, is caused bH 

stretching or retraction of the nerve; however, permand 


- 




pending on 

to 7 days. 


\ 


HEALING OF THE EAR 






Hyperkeratinization of the epidermis and hyperplasia of the 
dermis and epidermis of the ear canals occur secondary to 
chronic infection or inflammation. Sebaceous glands be¬ 
come less numerous and active, and apocrine tubular glands 
distend and increase secretion. Healing of the surgical tech¬ 
niques previously described is 
lections develop that cause dehiscence. Such wounds are best 

left open to granulate unless they 
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damage occurs if the nerve is transected or severely 
stretched. Facial nerve damage may result in loss of the blink 
response and parasympathetic nerve innervation to the 

lac rimal glands. The e ye sh o u 1 d b e ke p t mo is te n e d wi th a r - 
tificial tears or an ophthalmic lubricant to prevent corneal 
ulceration. If normal lid function does not return within 4 to 
6 weeks or if ulceration of the eye occurs because of chronic 
drying, enucleation may be indicated; however, this is sel¬ 
dom necessary 


Matthiesen DT, Scavelli T: Total ear canal ablation and lateral bulla 
osteotomy in 38 dogs, J Am Anim Hosp Assoc 26:257, 1990, 
McCarthy RJ> Caywood DD: Vertical ear canal resection for end- 
stage otitis externa in dogs, J Am Anim Hosp Assoc 28:545,1992. 
Sharp N|H; Chronic otitis externa and otitis media treated by total 
ear canal ablation and ventral bulla osteotomy in 13 dogs. Vet 
Surg 19:162, 1990. 

Smeak DD, Kerpsack SJ: Total ear canal ablation and lateral bulla 
osteotomy for management of end-stage otitis, Semin Vet Med 
Surgery (Small Anim) 8(1 ):30» 1993, 

Stout-Graham M et al: Morphologic measurements of the external 
horizontal ear canal of dogs. Am J Vet Res 51:990, 1990. 










NOTE * Facial nerve paralysis, vestibular dysfunc¬ 
tion, and Horner's syndrome all may be caused by 
otitis media and interna or by surgery. The presence 
of these abnormalities before surgery must be noted 
fo avoid having them considered as surgical com¬ 
plications. 


wm 


& 






SPECIFIC DISEASES 


PI 


OTITIS EXTERNA 


DEFINITIONS 


Signs of middle and inner ear disease may persist after 
surgery but if they worsen acutely an abscess of the tym¬ 
panic cavity should be suspected. Superficial wound infec¬ 
tions are common and are attributed to surgical manipula¬ 
tion of infected tissues, inadequate closure of dead space, 
inadequate drainage, and resistance to antibiotics, in cats, 
surgical curettage of the tympanic cavity may cause a tran¬ 
sient Horners syndrome, which usually resolves in 2 to 3 
weeks (see discussion on surgical anatomy p. 230), Facial 
nerve paralysis has been reported after ventral bulla os¬ 
teotomy in cats. 

» 


Otitis externa is an inflammation of the epithelium of the 
horizontal and vertical ear canals and surrounding struc¬ 
tures (i.e., external auditory meatus and pinna). 


SYNONYMS 


Swimmer's ear is a term used to describe otitis externa that 

occurs after swimming or bathing. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Otitis externa is common in both dogs (3.9% to 20% of hos¬ 
pital admissions) and cats (2% to 6.6% of hospital admis¬ 
sions). It may be associated with other dermatologic dis¬ 
eases, particularly allergic or immune-mediated skin disease 
(i.e., food allergy dermatitis, atopy contact dermatitis) or 
systemic diseases (i.e., endoennopathies such as hypothy¬ 
roidism or Sertoli cell tumors). Bacterial infections, foreign 
bodies (e.g., foxtails), parasites (e.g., Otodectes cynotis > Pc- 
mod ex amis , Sarcoptes scatter No toed res cati , and ticks), 
fungi, yeasts (e.g., Malassezia pachydermis)^ or neoplasia also 
may be the cause. O. cynotis is responsible for more than 
50% of cases of otitis externa in cats. 

Predisposing conditions for otitis externa include exces¬ 
sive moisture or increased humidity in the ear canal, a narrow 
canal conformation, or obstruction of the canal. The normal 
ear canal is inhabited by bacteria (i.e.. Staphylococcus and 
ft-Streptococcus spp.), High humidity and temperature pro¬ 
mote moisture retention in the ear, which allows maceration 
of the epithelial lining and fosters secondary bacterial colo¬ 
nization. The bacteria most often isolated from the ears of 
dogs with chronic otitis externa are Corynebacterium spp., Es¬ 
cherichia coir Proteus mira bihs, Pseudomonas aeruginosa , and 
5 taphylococcus inter me dius. Paste urella multocida and 5. inter¬ 
medins are commonly isolated from the ears of cats. Chronic 
otitis externa causes secondary changes in the ear canal (i.e., 
epithelial hyperplasia and ossification of chronically in¬ 
flamed tissue) that perpetuate the infection and make 


NOTE * Warn owners that Horner's syndrome Is 
common m cats after ventral bulla osteotomy but that 
it typically is transitory. 


SPECIAL AGE CONSIDERATIONS 


Young cats with middle or inner ear signs or a previous his¬ 
tory of respiratory disease should be examined for nasopha¬ 
ryngeal polyps (see pp. 243-244), 
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difficult because of constriction of the 


medical management 
external ear canal lumen. In addition, ulceration and second- 

ary infection with pyogenic bacteria, yeast, and/or fungi com¬ 
monly occur. In chronic otitis externa the apocrine glands in¬ 
crease in size, number, and secretory activity, whereas the 


sebaceous glands decrease in number and become less active. 


DIAGNOSIS 


Clinical Presentation 

Signalmen!. Dogs and cats of any breed or age may de¬ 
velop otitis externa, but some groups are at higher risk. Dogs 
with long, pendulous ears (e.g„ spaniels, basset hounds ) and 
those with abundant hair in the ear canal (e.g., poodles) are 
commonly affected. Of the erect-eared dogs, German shep¬ 
herds are most frequently affected. Spaniel breeds, particu¬ 
larly cocker spaniels, may have abnormal keratinizaiion and 

increased sebaceous gland secretion of the pinna 01 eai canal 

bacterial infection and hyperplastic 

changes in the sebaceous glands and epithelial lining of the 

often lead to scarring and ear canal obstruction. 

History. Animals with otitis externa may be presented 

for evaluation of acute or chronic signs. If a foreign body is 

lodged in the ear, head shaking and scratching at or near the 

scratching are also 


both. Chronic 


or 


ear 


typical. Head shaking and 

animals with parasitic infections and acute 


ear 


ear arc 

common among 
bacterial infections. A purulent, odoriferous discharge may 

he noted with chronic infections. The animal may constantly 

rub its head on objects and may seem to be in pain when the 

head or ear is touched. 


HG 10-13 i J 

Calcification of the external ear canals (arrows/ in a dog 
with chronic otitis externa. [Courtesy L Homco, lmaco r N Y.) 


Radiography 

Skull radiographs should be taken to determine if concur* 

rent otitis media is present (see p. 244). Calcification of the 

external auditory canal is common with chronic otitis ex* 

influence the choice of 


Physical Examination Findings 

Palpation of the ear may suggest thickening or 
the ear canal A thorough otoscopic examination should be 
performed even it it requires trant]uilizalion. Examination of 
the ear canal often is difficult if hyperplasia or exudation is 

present, general anesthesia may be necessary to allow metic- 

The extent of involvement of the vertical 


calcification of 


terna (Fig. 19-13); this finding may 

surgical techniques. Occasionally radiographic signs sugges¬ 
tive of neoplasia are found, such as bony lysis of the petrous 


ulous inspection, 
and horizontal ear canals and the status ol the tympanic 

membrane should be determined. Purulent yellow or cream- 
colored exudates may be associated with gram-negative in¬ 
fections, particularly Pseudomonas and Proteus spp. Park 

black exudates are more commonly associated with 


temporal bone, 


Laboratory Findings 

Specific laboratory abnormalities 
function tests should be performed if hypothyroidism is 

suspected. 


found. Thymic 


are not 


brown or 

yeast infections or those caused by Staphylococcus or Strcpto- 

spp. A bloody exudate may be suggestive of neoplasia. 

A definitive diagnosis requires examination ol exudate col 

lected during the procedure by placing sterile swabs into the 

. The exudate should be ex- 


differential diagnosis 


CO CCl is 


si mp le; h o wever. 


The diagnosis of otitis externa usually is 
differentiation of the various causes may be difficult li is in- 

Identify treatable underlying causes of otitis filj 
before considering surgical intervention; optimum re 
suits require appropriate treatment ol underlying diicases. 
In some cases surgery is unnecessary if the underlyingeafld 
is treated. Concurrent otitis media should be identified m 
animals that are to undergo surgery for otitis externa. 


canal through the otoscope 
anrvined for parasites, bacteria, fungi, and yeasts, and bacterial 

and fungal cultures should be performed it indicated. The ear 

should be flushed with a bulb syringe or soft catheter, and al- 

■ailable to remove foreign bodies 

canal may allow diag- 


cone 


porta nt to 
terna 


[igator forceps should be 
and debris. Biopsy of the external 
nosis of neoplasia and some allergic conditions. 


av 


ear 


NOTE • lateral ear canal resection and vertied 

nal ablation often fail if concurrent dermatologc 


NOTE • Perform a complete dermatologic 
nation in all animals with otitis externa unless an ob¬ 
vious cause is found, such as a foreign body. 


exa mi¬ 


ca 


middle ear disease is not resolved. 


or 
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otics and parasitic!dal, antiinflammatory, and/or antifungal 
agents. Refer to a medicine text for an in-depth discussion of 
the use of these various agents. The combination of Tris- 
EDTA and an antimicrobial has a synergistic effect against 
many bacteria implicated in otitis externa {Table 19-3), The 
ototoxicity of the various agents should be taken into account 


Treatment of otitis externa involves identifying the underlying 
ar perpetuating causes, cleaning and drying the ear, and using 
appropriate topical or systemic medications (or both). Many 
topical agents are available for treatment of otitis externa 
Table 19-2}* Most contain various combinations of antibi- 


TABLE 19-2 


Topical Otic Preparations 


ACTIVE INGREDIENTS 


OTHER 

(E,G,, ANESTHETICS, 
ASTRINGENTS, VEHICLE 


ANTIPARA- 

S1TIC 


ANTIINFLAM¬ 

MATORY 


ANTIYEAST 


PRODUCT 


ANTIBIOTIC 


Water 


Acorexx 


Ivermectin 
Aloe vera 


Colloidal sulfur, diotctyl sodium 

peroxide, 


Adams Ear 

Desiccant 


su I fo succ incite, 
ethylenediamine tetraacetic 
acid (EDTA), propylene glycol 


Pyrethrins 


Aloe vera 


Adams Ear 


Mite Lotion 


Acetic acid, water, nonoxynof 
12 r methyl para ben, DMDM 

hydantoin 


Alocetic 


Aloe vera 


0 


Silver 

sulfadiazine 


Baytnl Otic 


Enrofloxacin 


Buraw's solution, acetic acid, 

benzalkonium chloride, propy¬ 
lene glycol, water 

I myristate, liquid 


Bur-Otic 


IsopropV 
petroleum 
Squalene 

Acetic acid, colloidal sulfur, 
dioctyl sodium sulfosuccinate, 
urea, peroxide 


Cerumene 


it- 


Car u m ite 

Clear. Treatment 

Dryer 

Conotite 1 % 


the 


Hydrocortisone 


ETX- 


of 


Polyethylene glycol 


Micronazole 

nitrate 


;es- 


3US 


Burow's solution, water 
Lactic acid, salicylic acid, propy¬ 
lene glycol 


Hydrocortisone 


C ort/Astri n 
Epi-Otic 

Eradimite 

F orte Tap i c a I 


Piperonyl butoxide 


Pyrethrins 


Mineral oil 


■oid 
i is 


Hydrocortisone 


Procaine 

penicillin, 

neomycin, 

polymyxin 

Gentamicin 


Alcohol, glycerin, propylene 

glycol 

Tetracaine, mineral oil, squalene 
Piperonyl butoxide, n-octyl 
bicycloheptene di ca rboxi m ide, 
di-n-propyl isocinchomeronate 

Water 

Sulfactamide, tetracaine, mineral 


Betamethasone 


Gentocin Otic 


Prednisolone 


Uquichlor 

Mita -Clear 


Chloramphenico 


iver 


Py reth r i n s 


mv 


i re- 


M iti ba n 


Amitraz 

Carbaril 


ises. 


Mitox 


Neomycin 


ause 

id in 


oj 


Malic acid, benzoic acid, 

salicylic acid, propylene glycol 


Osi-Clens 


Mineral oil 


Clotrimazole 


Betamethasone 


Gtomox 

Oto m ite 
Bandog 


Gentamicin 


Olive 


oil 


Pyrethrins 


Polyethylene, mineral oil 


N y sta ti n 


Triamcinolone 

acetonide 


Neomycin, 

thiostreptosin 


col 


ointment 
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TABLE 19-2 


Topical Otic Preparations—contid 


ACTIVE INGREDIENTS 


OTHER 

(E.G., ANESTHETICS, 
ASTRINGENTS, VEHICLE 


ANTIINFLAM¬ 

MATORY 


ANTIPARA- 

sme 


PRODUCT 


ANTIBIOTIC 


ANTfYEAST 


Panodry 

Sofvaprep 

Synotfc 


Boric acid, isopropyl alcohol, 
silicone Fluid 
Surfactants, pro : 

ene glyco 


ene glycol 


FI uee i no tone, 
dimethylsul- 
foxide (DMSO) 

Dexomethasone Thiabendazole Thiabendazole Alcohol, propylene glycol, 

glycerin 

Edetate disodium dihydrate 
tromethamine, water 


Tresaderm 


in 


Tris-EDTA 


osteotomy ( 

eral bulla osteotomy (see p, 236) can be performed. 

Preoperative Management 

Preoperative antibiotic therapy is recommended. Bacterial 
cultures should be performed if purulent discharge is pres¬ 
ent, and the appropriate antibiotics should be initiated be¬ 
fore surgery If no discharge is present, perioperative anti¬ 
biotics (see p. 230) may be given intravenously immediately 
before the surgical procedure or may be administered 
during surgery but after intraoperative cultures have been 
obtained. 


p. 23/) or a total ear canal ablation with I at- 


TABLE 19-3 




Otic Preparations 


Tm-EDTA Solution [0.05 mol/L Tris, 0.003 mot/L EDTA) 

24 ; 2 g Tris (base) 

4.8 g ethylenediamine tetraacefic acid (EDTA) [disodium 
salt) 

3900 ml distilled water 


gar (5% acetic acidi 

h additional 


Adjust pH to 8 wit 

Autoclave and store sterile 


vinegar (30-50 m!) 


Silver sulfadiazine solution (0.1%) 

0.1 g silver sulfadiazine powder 
100 ml distilled water 

Mix to dissolve 


Anesthesia 

See p. 229 for anesthetic recommendations for animals with 
ear disease. 


Surgical Anatomy 

See p. 230 for a description of the surgical anatomy of the ear 
canal. 


before they are used, particularly if the tympanic membrane 
has been ruptured. Silver sulfadiazine solution (0.1%) can be 
used without an intact tympanic membrane [see 'fable 19-3). 
Because ceruminous material impairs the ability of topical 
medications to reach the infection and may inactivate some 
drugs, the ears must be thoroughly cleaned before treatment. 
Persistence of clinical signs after treatment of otitis externa 
may suggest concurrent otitis media. 


Positioning 

See pp. 232 to 238 for positioning for the various surgical 

procedures. 


SURGICAL TECHNIQUE 


The choice of surgical techniques depends on the severity 
and extent of the disease. See pp. 232 to 238 for a description 
of the surgical techniques used in animals with ear disease,A 
discussion of the indications and contraindications for each 
procedure is provided. I 


SURGICAL TREATMENT 


Surgical therapy of otitis externa should be considered when 
medical management fails or in cases involving proliferative 
growths or stenotic canals. The surgical alternatives in ani¬ 
mals with otitis externa that do not have middle ear involve¬ 
ment include a lateral ear canal resection (see p. 232), 
vertical ear canal ablation (see p. 233), or total ear canal 
ablation (see p. 234). If concurrent otitis media exists, a lat¬ 
eral ear canal resection in conjunction with a ventral bulla 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


See p. 238 tor a discussion of appropriate suture materials 
and instruments for surgery of the ear. 1 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


MeAnulty IF, Hattel A, Harvey GE: Wound healing and brainstem 
auditory evoked potentials after experimental total ear canal ab¬ 
lation with lateral tympanic bulla osteotomy in dogs, Vet Surg 


Postoperative pain is common in animals that have under¬ 
gone ear surgery. See p. 229 for a discussion of analgesic ther¬ 
apy in these patients. After administration of adequate anal¬ 
gesics, tranquilizers may be given if the animal appears 
dysphoric or anxious (see p, 230). The ear should be bandaged 

after surgery to minimize contamination of and trauma to 
the surgical site. Animals often shake their heads excessively 
after ear surgery and may try to paw or scratch at the band¬ 
age. Close supervision in the early postoperative period and 
use of an Elizabethan collar or sidebar are recommended. 


24:1, 1995. 


OTITIS MEDIA AND INTERNA 


DEFINITIONS 


Otitis media is inflammation of the middle ear; otitis in¬ 
terna is inflammation of the inner ear. Myringotomy is a 
surgical puncture of the tympanic membrane to relieve pres¬ 
sure or obtain samples for analysis. 


PROGNOSIS 


Chrome otitis externa is a difficult disease to treat with med¬ 
ical therapy or surgery, A poor surgical outcome may be the 
result of technical failures (e.g,, not making the horizontal 
canal opening large enough with lateral ear canal resection or 
vertical ear canal ablation), lack of owner compliance in con¬ 
tinuing to treat the ear ( with lateral ear canal resection or ver¬ 
tical ear canal ablation), unrealistic expectations on the part 
of the owner, unrecognized middle ear disease, faulty diag¬ 
noses (e.g,, not recognizing neoplasia as the underlying 
cause], or failure to treat the underlying disease or perpetuat¬ 
ing cause. Surgical procedures designed to increase drainage 
(i.e., lateral ear canal resection, vertical ear canal ablation) of¬ 
ten tail in animals with untreated dermatologic disease or un¬ 
recognized middle ear disease. In one study of 36 dogs that 
underwent vertical ear canal ablation for chronic otitis ex¬ 
terna, only 23% had complete resolution of clinical signs, but 
95% were improved (i.e., decreased frequency of medical 
treatment required, increased ease of application of topical 
medication, and overall client satisfaction) (McCarthy, 
CaywGod, 1992), Total ear canal ablation combined with 
bulla osteotomy reportedly resolved clinical signs in 97% of 
the surgically treated ears (Beckman, Henry, Cechner, 1990). 

Partial or complete facial nerve paralysis occurs in some 
a aimak afte r T EC A; h owe ver, th is co m p li ca tion is less l ikely 
when the surgeon is experienced in performing this proce¬ 
dure. Other complications include persistent infection (dis¬ 
secting cellulitis, prolonged wound drainage, incisional de¬ 
hiscence, periauricular abscess formation), nystagmus, head 
tilt, postural abnormalities, and loss of hearing (see p ( 238). 


SYNONYMS 


The auditory tube is also known as the eustachian tithe. In¬ 
flammatory polyps found in the feline middle ear are re¬ 
ferred to as nasopharyngeal polyps. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Lt- 


Otitis media may occur secondary to bacterial, yeast, or fun¬ 
gal infection, neoplasia, trauma, or the presence of a foreign 
body. In cats, inflammatory or nasopharyngeal polyps are 
additional causes of otitis media. The most common cause 
in both dogs and cats is bacterial infection; more than half of 
animals with chronic end-stage otitis externa have docu¬ 
mented evidence of otitis media at surgery. Consequently, 
pathogens cultured from the middle ear are similar to those 
cultured from the ears of animals with otitis externa (i.e., 
Staphylococcus spp., Streptococcus spp., Pseudomonas spp., 
Escherichia colu and Proteus mi rub His). In addition to spread¬ 
ing across the tympanic membrane to the middle ear, infec¬ 
tions may ascend from the pharynx via the auditory tube or 
may reach the inner ear via the bloodstream. Bilateral otitis 
media usually is indicative of bacterial infection. Otitis me¬ 
dia may lead to otitis interna (Table 19-4). 

Inflammatory or nasopharyngeal polyps are benign 

masses that may be located in the nasopharynx, auditory 
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TABLE 19-4 


References 


Clinical Signs Associated with Otitis Interna 
(Vest ib ul a r Dysfun c t io n) 


Beckman SL, Henry WB Jr, Cechner P: Total ear canal ablation 
combining bulla osteotomy and curettage in dogs with chronic 
otitis externa and media, f Am Vet Med Assoc 196:84, 1990, 
McCarthy RJ, Caywood DD; Vertical ear canal resection for end- 
stage otitis externa in dogs, / Am Anim Hasp Assoc 28:545, 1992, 


erity 
>tion 
se. A 

each 


* Head tilt to affected side 

* Circling to affected side 

* Foiling to affected side 

to affected side 

* Nystagmus (horizontal or rotary) with fast component 


* Rolling 


Suggested reading 


iNysragmus [Horizontal or rotary] with fast component 
away from affected side 

* Asymmetric ataxia with strength preserved 

* Positional or vestibular strabismus with the eyeball tpsi- 
latera! to the lesion deviated ventrally 

* Postural reactions (except for the righting reflex) 


Foster AP, DeBoer DJ: The role of Pseudomonas in canine ear dis¬ 
ease, Competid Cent Educ Pract Vet 20:909,1998. 

Henderson IT, Radasch RM: Total ear canal ablation with lateral 
bulla osteotomy for the management of end-stage otitis in dogs, 

fympend Cant Educ Pract Vet 17:157,1995. 
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tube, or tympanic cavity or ail three. In rare cases they may 
rupture the tympanic membrane and protrude into the ex¬ 
terna! ear canal. When located in the tympanic cavity, they 
often cause signs of unilateral otitis media. These polyps 
may occur as a result of ascending infection from the phar¬ 
ynx or may arise as a result of chronic otitis media. Polyps 
thought to be congenital i 

in kittens. 


physical examination in animals with otitis media and 
terna. Neurologic abnormalities referable to the i 
facial nerve paralysis (Table 19-5) are not found in most an¬ 
imals with otitis media. Horner's syndrome may 

result of damage to the sympathetic trunk as it courses 

through the middle ear. Clinical signs associated with the 

syndrome are ptosis, miosis, enophthalmus, and protrusion 
of the third eyelid. 

Otoscopic examination ol these patients often requires 
general anesthesia. 1 he tympanic membrane may have rup¬ 
tured or it may bulge outward because of purulent material, 
blood, or serum. However, an intact tympanic membrane 
does not rule out middle ear disease. Abundant mucus in the 
middle ear cavity has been associated with adenomatous le¬ 
sions. The normal tympanic membrane appears shiny and is 
gray or white; it becomes opaque with infection. If the 
panic membrane has ruptured, samples for cytologic studies 
and culture can be taken directly from the middle ear. Oth 
erwise, samples can be obtained using a 20-gauge, 3^-mch 
spinal needle inserted through the ventral half of the tympa- 

(myringotomy). If the opening is too small, it may be 
enlarged with a small cannula. 

Inflammatory polyps usually appear as pedunculatetl, 
smooth, shiny, light pink masses. The oral cavity of animals 
with inflammatory polyps or neoplastic masses should be 
caretully examined, because extension into the pharynx may 
occur. Neoplastic lesions may be friable, but they often are diT 
fiailt to differentiate grossly from chronically infected tissue 

Radiography 

The most valuable radiographic view for evaluating animals 
suspected of having otitis media is the frontal open-mouth 
projection (also known as the rostrocaudai open-mouth 

view) in which the animal is placed on its back with the head 
flexed 80 to 90 degrees to the film (Fig. 19-14). The mouth is 
held open with gauze strips hooked on the upper and lower 
canine teeth, and the x-ray beam is centered on the tem¬ 
poromandibular joints. The tongue and endotracheal tube 
must be retracted from the field of view with gauze secured 
to the lower mandible. The tympanic bullae and their 
tents are demonstrated with this view. The most com 
findings with middle ear disease are opacification of the 
filled tympanic cavities and thickening and sclerosis of the 
walls of the bullae (Fig. 19-15). Lateral oblique views (Fig. 
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inner ear or 


occur as a 


origin have also been reported 


in 


Neoplasia originating in the middle ear is 

both dogs and cats. In dogs, tumors that originate in the 

ternal car canal and then extend into the tympanic cavity are 

common than primary middle ear tumors. Benign tu¬ 
mors of the middle 

mas, fibromas) have been 


uncommon m 


ex- 


more 


ear cavity of dogs (i.e., papillary adeno- 

commonly reported than 

malignant tumors. Epidermoid cysts (cholesteatomas) 
in the canine middle ear. I hese cysts often are associated 
with chronic otitis media and must be differentiated from 
neoplastic lesions. In cats, squamous cell carcinoma is the 
most common tumor of the middle and inner ear. Other tu¬ 
mors found in the feline middle ear have included fibrosar¬ 
coma, anaplastic carcinoma, lymphoblastic lymphosarcoma, 
and ceruminous gland adenocarcinoma. 


i n o re 


occur 


tvm- 


num 


DIAGNOSIS 

Clinical Presentation 


Signalmen*. Most animals that develop otitis media sec¬ 
ondary to otitis externa are middle-aged. Older animals 
commonly develop neoplasia of the middle ear, and young 
cats are more apt to have nasopharyngeal polyps. There is no 
known breed or gender predisposition in cats to nasopharyn¬ 
geal polyps or in either dogs or cats to neoplastic middle 
car disease. Canine breeds predisposed to otitis externa (see 
P* 240) also have a higher incidence of otitis media. 

History* The history and clinical signs of animals with 
otitis media do not differ substantially from those with oti¬ 
tis externa alone (see p. 240). Affected animals commonly 
scratch or paw at their ears, and they may shake their heads 
excessively. The ear may have an odor, and animals often ap¬ 
pear to be in pain on manipulation or palpation of the ears 
or adjacent skull. A history of chronic, poorly responsive oti¬ 
tis externa is common. Some animals are presented foreval¬ 
uation ot vestibular signs caused by otitis interna (see Table 
J9-4). Fain during eating or when the mouth is opened may 
be noted, especially in cats with neoplastic middle ear dis¬ 
ease. Ipsilateral facial nerve paralysis also is common in ani¬ 
mals with middle 
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air* 




bi 


ear neoplasia. In rare cases neoplastic le- 
- ear may extend into the nasopharynx, 
causing gagging, retching, or dyspnea or all three. Cats with 
nasopharyngeal polyps often have nasal discharge, sneezing, 
stridor. If a pharyngeal polyp is present concurrently, dys¬ 
phagia and/or dyspnea may be noted. Deafness may be re¬ 
ported with bilateral disease, but loss of hearing is seldom 
evident with unilateral lesions. 


sions of the middle 


ex 


fjj TABLE 19-5 

Clinical Signs Associated with Facial Nerve Par fitly si 

* Diminished palpebral reflex 

* Widened palpebral fissure 

* Drooping of the ear and lip 

* Excessive drooling 

* Blepharospasm 

* Elevation and wrinkling of the lip 

* Cauda! displacement of the labial commissure 

* Elevation of the ear on the affected side 
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Physical Examination Finding 

Discharge from the external auditory canal, hyperplasia, and 
ulceration of the aural epithelial tissues often are obvious on 
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FIG 19-14 

Positioning for □ frontal open-mouth projection. 
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FtG 19-16 

Lateral oblique radiograph of a dog 
media. Note the thickened wall of m 
compared with the normal, thin-walled right bufla. [Courtesy 

L Homco, Texas A&M University.) 
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Laboratory Findings 

Specific laboratory abnormalities are uncommon. 


if- 


ae. 


DIFFERENTIAL DIAGNOSIS 


Differen tial diagnoses for di sease of the middle and inner ear 
cavity include bacterial, furtgal, or yeast infection, inflamma¬ 
tory polyps, neoplasms, foreign bodies, trauma, sebaceous 
gland and ceruminous gland hyperplasia, paraaural ab¬ 
scesses, and idiopathic vestibular disease. Otitis media is 
common in animals with otitis externa, but because 
ical signs are similar, the former often goes unrecognized. 
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MEDICAL MANAGEMENT 

The most important aspect of the treatment of otitis media 
is removing infected tissues or exudate, neoplasms, polyps, 
or foreign bodies from the tympanic cavity. The external ear 
canal should be cleaned, and concurrent otitis externa must 
be treated (see p. 241). Medical management of animals with 
acute otitis media consists of m y ringotomy, cultures of mid¬ 
dle ear contents, irrigation of the tympanic cavity and topi¬ 
cal (see Table 19-2) and systemic antibiotics. If no improve¬ 
ment is seen in 3 to 4 weeks, ventral bulla osteotomy should 
be considered. 


red 


FIG 19-15 

Frontal open-mouth projection showing opacification, 
thickening, and sclerosis of the bullae (arrows). (Courtesy 
L Homco, Ithaca, N.Y.) 


on- 


air- 


the 


19-16) wi t h the hea d til ted 10 t o 15 d egree s sh o w i n d i vidua 1 
holla, whereas ventrodorsal or dorsoventral views show the 
external ear canals and the architecture of the petrous tem¬ 
poral bones. Lysis or periosteal reaction of the bullae and 
petrous temporal bone should increase suspicion of neopla¬ 
sm, A soft tissue mass in the pharyngeal region may be noted 
in cats with inflammatory' polyps. 


Fig. 


SURGICAL TREATMENT 


Surgery often is necessary to distinguish between the various 
possible causes of middle ear disease. Surgical treatment of 
otitis media caused by infection includes bulla osteotomy, 
culture of affected tissues or exudate, drainage, and long¬ 
term antibiotics. Benign neoplastic or inflammatory lesions 
usually can be removed by a bulla osteotomy; however, in 


NOTE • Radiography is not a sensitive indicator of 
middle ear disease; computed tomography [CT] may 

many as 25% of animals 

with middle ear disease, ihe bullae appear normal 
on radiographs (Remedios, Fowler, Pharr, 1991). 


be more sensitive., In 


as 








































246 


PART HI Soft Tissue Surgery 


cats, Horners syndrome is a common, short-term oomplica- 
tion of this procedure (see p. 239). Neoplasia of the bulla 

warrants a poor prognosis. 


rologic dysfunction* The prognosis for benign tumors is 
good; however, surgical 

mors because of their extensive nature at the 

recur if they are simply 

moved from the external ear using traction. Recurrence is 
less likely if traction and bulla osteotomy are performed. 

References 

Remedies AM, Fowler JD t Pharr JW: A comparison of radiographic 

versus surgical diagnosis of otitis media, / Am Anim Hasp Assoc 
27:183, 1991. 

Irevor PB, Martin RA: Tympanic bulla osteotomy tor treatment of 

middle ear disease in cats: 19 cases (1984-1991), / Am Vet Med 
Asser 101:123, 1993. 


with malignant tu- 


cures are rare 


time of diag 


nosis. Inflammatory polyps may 


re- 


NOTE * If neurologic signs are present before sur¬ 
gery, be sure to warn the owner that they are likely 
to persist after surgery. 


Preoperative Management 

Preoperative antibiotics may be given; however, intraopera¬ 
tive cultures often are performed m animals with middle ear 
disease. In such patients intravenous antibiotics should be 
given immediately after culture results have been obtained. 

Anesthesia 

See p* 229 for anesthetic recommendations for animals with 

ear disease* Chamber or mask induction should not be used 
in dyspneic animals (i.e., some 

polyps)* Because nitrous oxide increases middle ear 

sure, it may be wise to avoid its use in animals with middle 
ear disease. 

Surgical Anatomy 

The middle ear is composed ot the tympanic cavity and its 
contents and the auditory tube. See p. 230 for a description 

of the surgical anatomy of the ear. 

Positioning 

Th e a n im a 1 is p o si ti o n ed i n late r a I rec u m beney fo r a lat e ra 1 

bulla osteotomy and in dorsal recumbency for a ventral bulla 
osteotomy. 


Suggested reading 


Kapatkin AS et al: Results of surgery and long-term follow¬ 


up in 31 

cats with nasopharyngeal polyps, j Am Anim Hasp Assoc 26:387, 
1990. 


cats with nasopharyngeal 




AURAL HEMATOMAS AND TRAUMATIC 
LESIONS OF THE PINNA 


DEFINITION 


An aural hematoma is a collection of blood within the 
tilage plate of the ear. 


car- 


SYNONYM 


A u r i cula r I j etna to m a 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


SURGICAL TECHNIQUE 


Approach the middle ear by means of a lateral bulla os¬ 
teotomy (see p* 236) in conjunction with a total ear canal 
ablation (see p. 234) or through a ventral bulla osteotomy 


Aural hematomas may occur in dogs or cats and usually are 

characterized as fluctuant, fluid-filled swellings on the 
cave surface of the pinna. The entire concave surface of the 
pinna may be involved or only part of it* The 
hematomas is not well understood; however, i 

■ . J 1 

they appear to be the result of head shaking 


con- 


ca use ofaura] 


SUTURE MATERIALS AND SPECIAL 
INSTRUMENTS 


in m any cases 
or scratching at 

the ear caused by pain or irritation associated with otitis 
terna, usually bacterial otitis 

infestation in cats. Head shaking 

motions in the ear, resulting in fracture of the cartilage. Th 
hematoma appears to originate from branches of the great 
auricular artery within the fractured auricular cartilage 
rather than between the skin and cartilage as was initially 
postulated. Some animals that develop aural hematomas do 
not have evidence of concurrent ear disease; hematoma fcr- 

mation in some patients may be associated with iTLCreased 
capillary fragility (e.g., Cushing's disease), 

be lacerated as a result of fighting or other 
trauma. These wounds may be superficial, involving the skin 

may perforate the cartilage I 
and involve both skin surfaces* Depending on the severity of 

the wounds, some may be left to heal by second intentm 


See p* 238 for a description oi surgical supplies needed for 
bulla osteotomy. 


ex¬ 


in dogs and Otodectes cynotii 
may cause sinusoidal wave 


POSTOPERATIVE CARE AND 
ASSESSMENT 


Cats with concurrent 


upper airway disease (i.e., nasopha¬ 
ryngeal polyps) may have respiratory distress after extuba- 
tion and may require supplementary oxygen. Oxygen may be 
given by mask or nasal insufflation in these animals. 


PROGNOSIS 


Animals with bacterial otitis media may have persistent neu¬ 
rologic signs despite surgical treatment. In one study cats 
with otitis interna before surgery had permanent head tilts 
after the procedure (Trevor, Martin, 1993). However, these 
cats usually had a normal level of activity despite their 


The ear may 


one surface of the ear only, or 


on 


n e u - 

































247 


Chaptcr 19 Sw rgery of the Ear 


wound; sutures also should be placed through the skin and 
cartilage at the center of the flap to obliterate any dead space 
where fluid might collect. Full thickness injuries through the 

should be sutured. The skin on both sides of the 


whereas others will have a more cosmetic appearance if su¬ 
tures are placed. In rare cases a portion of the ear may be 
avulsed, resulting in an unacceptable cosmetic deformity. 

DIAGNOSIS 

Clinical Presentation 

Signalment. Dogs and cats with otitis externa have a 
greater risk of developing aural hematomas. 

History. A history of violent head shaking and/or acute 
or chronic otitis externa (see p. 240) maybe noted; some an¬ 
imals may have no history of previous ear disease. 

Physical Examination Findings 

Hematomas initially appear fluid filled, soft, and fluctuant but 
eventually may become firm and thickened as a result of fi¬ 
brosis. The ear may then develop a “cauliflower" appearance. 

Radiography 

Skull radiographs may be indicated if underlying otitis ex¬ 
terna or media (or both) has predisposed the animal to au¬ 
ral hematoma. 

Laboratory Findings 

Specific laboratory abnormalities are uncommon. 


ear margin 

defect may be sutured with simple interrupted sutures or, as 
an alternative, a vertical mattress suture may be used to ap¬ 
pose the skin and cartilage on one side of the ear and simple 
interrupted sutures to appose the skin on the opposite side 

of the ear (Fig, 19-17). 


Preoperative Management 

Concurrent otitis externa (see p. 241) should be treated si¬ 
multaneously. Appropriate cultures should be submitted 
and the ear canal cleaned and flushed. 


Anesthesia 

Animals with aural hematomas usually are healthy, and a va¬ 
riety of anesthetic protocols can be used. Tranquilization 
may be necessary upon recovery from anesthesia once suffi¬ 
cient analgesics have been provided (see p. 230). See p. 229 
for the anesthetic management of animals with ear disease. 

Surgical Anatomy 

Structural support of the pinna is provided by cartilage in¬ 
terposed between the two skin surfaces. Branches of the 
great auricular arteries and veins supply the pinna. These 
main vessels are located along the convex surface of the ear, 
and small branches penetrate the scapha to supply the con- 

surface. The sensory innervation to the ear is supplied 
by the second cervical nerve (convex surface) and by the au¬ 
riculotemporal branches of the trigeminal nerve (concave 

surface}. 

Positioning 

Patients generally are placed in lateral recumbency tor aural 
hematoma and laceration repair. 


DIFFERENTIAL DIAGNOSIS 


Aural hematoma is diagnosed during the physical examina¬ 
tion; however, the underlying ear disease must be diagnosed 
and treated to reduce the likelihood of recurrence. 


cave 


MEDICAL MANAGEMENT 


Underlying ear disease should be appropriately treated 
(see pp. 241-242), Needle aspiration of aural hematomas has 
been attempted (with and without concurrent injection of a 
corticosteroid); however, recurrence is common with this 
technique. 


SURGICAL TREATMENT 


Numerous techniques have been described for surgical treat¬ 
ment of aural hematomas. The goals of surgery are to re¬ 
move the hematoma, prevent recurrence, and retain the nat- 

minimize thickening and 
scarring). The most commonly used procedure involves in¬ 
cising the tissues overlying the hematoma, evacuating blood 
dots and fibrin, and holding the cartilage in apposition with 
sutures until scar tissue can form. As an alternative, drains or 
cannulas have been used to provide drainage for several 
weeks during the healing process. To prevent enlargement or 
fibrosis,hematomas should be treated soon after they occur, 
preferably within several days. 

Linear lacerations that involve only one skin surface may 
be left to heal by second intention or may be sutured. The 
laceration should be cleaned and the edges debrided it 
necrotic tissue is present. The skin margins can be apposed 
with simple interrupted sutures. It a flap of tissue has been 
elevated away from the cartilage, it should be sutured. Su¬ 
tures are placed through the skin at the margins of the 
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FIG 19-17 

Suture placement for repair of pinna lacerations 
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SURGICAL TECHNIQUES 

Aura) Hematomas 

Make 


no pockets ore left in which fluid 


accumulate „ Do not Hg- 
ate the branches of the great auricular artery visible on the 
con vex s urface of the 


con 


S -shaped incision on the concave surface of the 

ear and expose the hematoma and its contents from end to 

end (Fig. 19-18). Remove the fibrin clot and i 
ity. Place 3 / 4 - to 

surface of the 


an 


aar Do not suture the incision closed ; 
it should gap slightly to allow for continued dra 
light protective bandage 

the animal's head (see p. 250 

Care}. Remove the bandage and sutures 


inage . Place 

ear and support the 


irrigate the 


a 


over 


1-cm sutures through the skin on me concave 
and underlying cartilage. Place the sutures 
parallel to the major vessels (vertical rather than horizontal}. 

They may be placed through the cartilage without incorpo¬ 
rating the skin on the convex surface of fh 


over 


Pos toper a five 


un 


ear 


in 10 to 14 days. 


It minimal fibrin is present, a teat cannula or drain can be 
placed in lieu of the above procedure (Fig. 19-19, A). 


they may 


e ea r t or 
ample number of sutures 


he full thickness. Place 


an 


■ 


i i 


f 


i 


Jill! 


I 


■ 




' I 


V. 1 , 






I 


lt*| 


il 


I 


I 


" I 


I 


I 




L> 


i\ 


l' 


■* 


r 


IJ 




.H 








m 


1 IS I 


- 


I 


i.i 


■r 


L JJT* 


r/hi 


" I 


T I 


k\*i hr. 


I 


h 




-jS 

*2 f-i 

1 . _ - 


. 


m 












I 


8 


f f. 




i 


m 


\, V 


r.i 




s» 


%mk'b 


l i 


i 


i 


! I 


I 


iH 


\\ 


I 


■ 


-i 




h i iV 

II s 


A 


I 


// 


9RS 

1 (;>'•}A 


.1 


' 


Mi 


• I 




f «• 




i 


X 


f 


I 




! i' f / 


j 




r« 


; 


i 




\ 


I 


: 


\ 


f 


r« 




r 


% 


,ii 


i 


i 


■ § 


i 


i 


i 


n 


i 


11 


i 


i 


V 


I 


fM !V 


II 


•ft 




11 


‘f/j 


. \ 






I 1 


% 


\ 


■1 


> t 


i;.- 

-■"iff 


il. i 1 


i r 


\ 


/ 


f 


s 




1 


s' 




■ : * 


* 


h 


I 


I 


I 


ii 


% 


* 




i 


I 




x 




» 


^ | 
& \ 


i 


i ; 


f 


i 


I 




I 




ft 


\ 




i 


& 




V, 


t 






i 


^ 1 


c 


11 




/ 


l 




j! s 


‘II 


r\\ 




VV 


\ i 


s* 


J 


. 


/ 


v\ 


/ 




■x 




|| \\\ 


■v 




/ 






t 


i 


\ 


LPr> - Zht 


-ZAJ 


FIG 19-19 

A, If minimal fibrin is present, a teat cannula can be used 

tor aural hematoma repair. B, Trim half of the collar oi k 

allow the tube to rest comfortably against the 

C ' As an alternative, a '4-inch fenestrated latex drain ccdd* 
used. 


FIG 19-18 


Sutures 


should be placed vertically rather than horizontally 
tor aura hematoma repair. They may be placed through 

the cartilage without incorporating the skin on the convex 
surface of the 


ear 


or they may be full thickness. 


eor 
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Cha p t e r 19 5 u rgery of th e Ea r 


Avulsions of the Ear Margin 

Small avulsions of the ear margin may be treated by resect¬ 
ing surrounding tissue to restore a normal ear contour. The 
skin edges are sutured over the cartilage using a continuous 
suture pattern. Larger defects of the ear may he repaired us¬ 
ing a pedicle flap obtained from the side of the neck in dogs 
with pendulous ears or from the dorsum of the head in dogs 
with erect ears. 


Trim half of the collar of the cannula to allow the tube to rest 
comfortably against the ear (Fig, 19-19 , Bj. Aspirate the con¬ 
tents of the hematoma using a large needle (14 or 16 gouge) 
inserted into the hematoma at its most distal margin. Insert 
the canrru/a through the needle hole and suture it to the ear 
(The cannu/a is placed in the most distal aspect of the 

erect-eared animals—to prevent 
drainage from entering the concha). Do not bandage or sup¬ 
port fhe ear over the top of the head. 

A '/^inch fenestrated latex drain can be used instead ot a 
teat cannula (Fig* 19-19, C). 

Melee a stab incision in the proximal and distal limits of the 
hematoma. Empty the hematoma of fluid and fibrin and use 
□ mosquto or atf/gafor forceps to bring the drain into the 

f ty. Suture the ends of the drain to the skin 
where they protrude from the cavity. Place a light bandage 
over the ear (see p. 250 under Postoperative Care). 


hema toma—e ven 


in 


be re- 


NOIE • Defects of the ear margins can 
paired for cosmetic reasons, but repair: 
iayed after excision of neoplasms until it has been 
determined that recurrence Is unlikely. 


Prepare the ear and donor site for aseptic surgery Debride 
the margins of the ear 

and incise the skin t extending the limbs of the 
1 cm longer than the defect (Fig. 19-20, A). Suture the flap 


defect. Place the ear on the donor site 


hematoma covt 


incision 0.5 to 


C 


FIG 19-20 

Repair of pinna! defects, A, Place the ear on the donor site and incise the skin, extending 
the limbs of the incision G.5 to 1 cm longer than the defect, B, Suture the flap to the skin 
on the convex surface of the ear. C, After 1 0 to 14 days, sever the flap from the donor site 

the concave side of the ear. D, Gently fold the flap over the 


ied 


the 


ve ear. 


in the shape of the 


:an be 


re it to the skin. 


ear margin 
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PART III So ft Tissue Surgery 




to the skin on the convex surface of the ear (Fig. 19-20, Bj. 
Place a non adheren t dress ing over th e wo und an d lea ve the 

sever the flap from 
th e don or site in the sh ape of the de feet on the co nca ve s ide 
of the ear (Fig. 1 9-20, CJ. Gently fold the flap over the 

margin and suture it to the skin (Fig. 19-20, DJ. Remove ski 
sutures in JO to 14 


bandages on the head can be difficult. One method is to place 
short strips of tape on the rostral and caudal margin of the 

convex surface of the pinna (Fig. 19-2 1, A). The tape should 

border. Longer pieces of 




bandaged for 10 to 14 days. Then 


ex¬ 


tend beyond the 

tape are placed on the concave surface of the pinna so that 
these tape pieces contact the tape on the convex surface (Fig* 
19-21, B). The ear is placed over the top of the head (cotton 
be placed between the ear and the top of the head to support 
the ear), and a nonadherent pad is placed over the incision 
(Fig, 19-21, C}* The long pieces of tape are applied to the skin. 
Cast padding and Kling are applied over the ear (the unaffected 
ear on the other side is not incorporated into the bandage), and 
Vetrap or a stockinette (cut a hole for the unaffected ear) can 
be placed as the external layer (Fig, 19-21,0). The bandage can 
then be secured to the head eraniallv or caudally with Elastikon 
or 1-inch tape that is applied to both the hair and bandage. 


ear 


tn 




5 . 


can 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Monofilament, nonabsorbable (polypropylene or nylon) or 
absorbable (polydioxanone, poliglecaprone 25 or polygly- 
conate) suture material (3-0 or 4-0) should be used to suture 
the ear. Other materials that maybe used in animals with au¬ 
ral hematomas are Dr* Larson's plastic teat tubes or Silastic 
medical-grade tubing. 










i 


POSTOPERATIVE CARE 
AND ASSESSMENT 


NOTE * Be sure to check head bandages period! 
cafly to ensure that they 


A bandage can be used to protect the ear from contamination 
and sell-inflicted trauma after hematoma repair. Maintaining 


restricting breathing 
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FIG 19-21 


Bandaging the surgical procedure. A, Place short strips of tape 

and caudal margins of the convex surface of the pinna. B, Use Ion 
the concave surface of the pinna so that these tope pieces contact t 

over the top of the head and pi 

incision, D, Apply cast padding and Kling over the ear, then use 
an external layer* 


on the rostral 
er pieces of tape on 
e tape on the convex 
ace a nonadherent pad 
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su 


over the 


ear 


or a stockinette as 
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Chapter 19 Surgery of the Ear 


occurs almost exclusively in older white-eared cats or multi¬ 
colored cats with little pigmentation of the pinna. 

History* The history of a patient with a tumor arising 
from the external ear canal usually di iters minimally from 
that of a patient with primary bacterial otitis externa (see p* 
239), The history of cats with squamous cell carcinoma 
often is insidious and begins with the owner intermittently 
noticing crusty, eczematous lesions at the edge of the 

Physical Examination Findings 

Small, pedunculated masses of the external ear canal suggest 
ceruminous gland hyperplasia or adenomas, papillomas, 
inflammatory polyps. Infiltrative 

nous 

carcinoma usually originates on the tips of the ears, where 
little hair is present, and initially may appear as hyperemic 
skin. As the lesions progress, erosion, ulceration, crusting, 
and thickening become noticeable (Tig. 19-23), The ear may 
bleed with mild trauma. 

Radiography 

Radiographic signs of neoplasia (i, 
petrous temporal bone) may be noted on skull radiographs 
of animals with neoplasia of the external ear canal. Although 


PROGNOSIS 


:e 


Aural hematomas seldom recur if they are properly treated 
and the underlying ear disease is appropriately treated. 


le 


x- 


of 


Suggested reading _ ___ 

Dubklzig RR, Wilson JW, Scireg AA: Pathogenesis of canine 
hematomas, / Am Ve t Med Assoc 185:873,1984. 


at 
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m 


irt 


:>n 


NEOPLASIA OF THE PINNA 
AND EXTERNAL EAR CANAL 


ed 


or 


nd 


masses suggest eerumi- 
gland adenocarcinoma (big. 19-22). Squamous cell 


an 


DEFINITION 


an 


The pinna is the portion of the ear that projects outward 
from the skull. 


on 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


i- 


Keoplasms of the external ear canal are relatively uncom¬ 
mon in dogs and cats; however, they may arise from any 
structure that lines or supports the ear canal. I he most com¬ 
mon tumors of the external ear canal arise from the cerumi- 


bony lysis of the 


e., 


nous gland s (ee r umino us gland a d e no m as o r aden oca r c in o - 

cell carcinoma, basal cell tumors, and mast 


mas), Squamous 

cell tumors may also be found. Although tumors of the ex- 
ter n al ear can a 1 are m ore co m m on th a n th o se arising i n the 
internal or middle ear cavities, clinical signs of middle or in¬ 
disease may predominate it these tumors 




nyt 


1 


> t 


> V ■ 

« >* >■ '1ft 


ner ear 

through the tympanic membrane (see p. 244), Neoplasms of 
the external ear frequently are associated with concurrent 
bacterial and yeast infections. It has been hypothesized that 
chronic otitis causes hyperplasia that eventually may induce 
dysplastic and neoplastic changes. The mere presence of a 
tumor in the ear canal often obstructs drainage, resulting in 
otitis externa. Most canine ceruminous gland rumors are be- 

cats such tumors usually are malignant. 


mgn; in 

Any tumor that affects the skin may arise on the pinna, 
but the most common tumor of the pinna in cats is squa¬ 
mous cell carcinoma. These tumors most often are diag¬ 
nosed in older cats, particularly white ones. The association 
between a lack of protective pigmentation and the 

of these tumors suggests that solar radiation may be a 


FIG 19-22 


the pinna of a 


Ceruminous gland adenocarcinoma on 
6-year-old dog presented far treatment of chronic otitis 

externa, 


rence 

causative factor. Although these tumors are highly invasive, 
metastasis is uncommon. If metastasis does occur, it usually 
h to the regional lymph nodes and lungs. Tumors may also 
be noted on the nares and eyelids. Other tumors of the pinna 
of dogs and cats are melanoma, fibrosarcoma, basal cell tu- 
fibroma, lymphoma, histiocytoma, papilloma, and 


mor, 


mast cell tumor. 


DIAGNOSIS 

Clinical Presentation 

Signalmen!, Most neoplastic lesions of the external ear 
are found in middle-aged or older animals. Older male cats 
maybe at increased risk of developing ceruminous gland tu¬ 
mors of the ear canal. Squamous cell carcinoma at the pinna 


FIG 19-23 

Squamous cell carcinomas on the ear 
crusting and the thickened appearance of the pinna. 
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SURGICAL TECHNIQUE 


metastasis usually occurs late in the course of the disease, 
pulmonary metastasis may be noted with some ear tumors, 
therefore thoracic radiographs are recommended. 

Laboratory Findings 

The diagnosis of ear neoplasia requires that the lesion be 




The most important aspect of surgery of ear neoplasms is to 
achieve wide margins to prevent local recurrence; 
may require removal of the entire pinna and ear canal If 
aggressive surgical therapy cannot provide dean margins, 
adjunctive therapy (i.e., radiation) should be considered. See 
pp. 232 to 238 for a description of surgical techniques com- 
monly used for diseased or neoplastic ears. 


DIFFERENTIAL DIAGNOSIS 


Neoplastic lesions of the ear pinna must be differentiated 
from nonneoplastic lesions, such as dermatitis caused by in¬ 
sect bites or immune-medtated lesions. Suspicious lesions 
should be biopsied to improve the chances of complete re- 


Malignant ear tumors must be excised 
with wide margins of norma! tissue, fhe owner 
should be advised of the resulting cosmetic defect 
before surgery. 




i 




MEDICAL MANAGEMENT 


For pinnectomy, remove the affected portion of the ear and ■ 
suture the remaining s kin over the exposed cartilage. For H 
small tumors on the central portion of the convex surface of H 
the pinna, resect the neoplasm and mobilize the skin around H 
the defect by undermining between the cartilage and sJr/n. H 
Suture the skin margins or, if necessary, leave the defect H 
open to heal by second intention under a light bandage. For II 
small tumors on the concave surface oi the ear, rep a i r ffe 
skin defect by e/e voting a flap from surrounding s kin anarcti 
toting it into the defect . Suture the flap to the wound margins. H 
After 10 to 14 days, transect the flap and suture the edge to 
e defect. Close the donor site primarily , 




i 


Squamous cell carcinoma may be prevented or reduced by 
applying sunscreens to nonpigmented areas of the ear and 
preventing physical exposure to ultraviolet radiation. 
Cryotherapy and radiation are alternatives to surgical re¬ 
moval of the pinna. Cryotherapy may be curative in small 
superficial tumors, but local recurrence is common. Radia¬ 
tion therapy is less disfiguring than surgical removal of the 
lesions and is a viable alternative for small, superficial tu¬ 
mors and preneoplastic lesions. 




7 




SURGICAL TREATMENT 


For neoplasms of the external ear canal, vertical or total ear 
canal ablations usually are required (see pp. 233 to 236). In 
one study dogs with ceruminous gland adenocarcinomas 
treated with ear canal ablation had a median survival of 36 
months and no recurrence, compared with a median sur- 
vival of 4 months and a 75 % recurrence rate in animals that 
received a lateral ear canal resection (Marino et al, 1993). 
The aim of surgical treatment of squamous cell carcinoma is 
to remove the neoplasm with a wide margin of normal sur¬ 
rounding skin. This may require pinnectomy alone or a ver¬ 
tical ear canal ablation and removal of the pinna. The owner 
should be prepared for the resulting cosmetic deformity 


SUTURE MATERIALS AND SPECIAL 
INSTRUMENTS 






See p. 238 for a discussion of suture materials and surgical 
instruments for ear surgery. 


POSTOPERATIVE CARE AND 
ASSESSMENT 




An Elizabethan collar or sidebar should be used to prevent the 
animal from mutilating the ear after surgery Ear surgery is 
painful, and postoperative analgesics, such as oxymorphone 

should be provided (see p. 229). If the animal appears dys¬ 
phoric or anxious, tranquilizers may be given once the patient 
has received adequate postoperative analgesics (see p. 230). 










Preoperative Management 

If concurrent otitis externa is present, perioperative antibi¬ 
otics based on culture results should be given. Preoperative 
cytologic studies can help determine if radical resection is 
needed when neoplasia is suspected. 

Anesthesia 

See p. 229 for anesthetic recommendations for animals with 
ear disease. 


PROGNOSIS 


For malignant ceruminous gland tumors of the external ear, 
ablation is seldom curative, and adjunctive therapy (radia- 
tion therapy) should be considered. Local recurrence of 
squamous cell carcinomas is common if wide margin* are 
not obtained at surgery The prognosis is poor with squa¬ 
mous cell carcinoma of the middle and inner ear; however, 
amputation of the pinna for squamous cell carcinoma of the 
ear margin may be curative. 








Surgical Anatomy 

See p. 230 for a description of the surgical anatomy of the 
ear canal and pinna. 

Positioning 

Positioning for ear surgery is described with the discussion 
of surgical techniques on pp. 232 to 238. 
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ative on radiographs) in animals with early otitis media 


Suggested reading 


from which Pseudomonas spp. was cultured. Thus early 


Kirpensteijn J: Aural neoplasms, Semin Vet Med Surg (Small Anim) 


changes associated with otitis media may be too subtle to de- 
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tect with either imaging modality. 


Trevor PB, Martin RA: Tympanic bulla osteotomy for treatment of 


middle ear disease in cats: 19 cases (1984-1991), } Am Vet Med 


Sylvestre AM. Potential factors affecting the outcome of 


Assoc 202:123, 1993. 


dogs with resection of the lateral wall of the vertical ear 


Selected abstracts of rece nt manuscrip ts 


canal. Can Vet} 39:157, 1998. The records of 60 dogs that 


had a resection of the lateral wall of the vertical ear canal 


Devit! CM, Seim HB, Wilier R, McPherron M, Neely M. 


(Zepp) 


examined, 'he surgical outcomes were evalu- 


we re 


Passive drainage versus primary closure after total ear 


ated in association with the following variables: breed, sex, 


canal ablation-lateral bulla osteotomy in dogs: 59 cases 


age of onset of the otitis externa, duration of the disease be- 


(1985-1995). Vef Surg 26:210, 1997. A retrospective study of 


tore surgery was performed, treatment received for the otitis 


59 dogs with end-stage otitis externa or neoplasia of the ex 


externa, status of the ear and tympanic membrane at the 


ternal and middle ear canal undergoing total ear canal abla 


time of surgery, culture results, and concurrent medical 


tion with lateral bulla osteotomy (TECA-LBO) was done. 


problems. The outcome of surgery was unacceptable in 55% 


Dogs were divided into postoperative drain and primary do- 


of the cases. Breed was the only factor that could be corre- 


sure groups. No significant differences between study groups 


lated with outcome. The procedure failed in 86.5% of the 


were found. There was no association between immediate or 


cocker spaniels. When surgical outcomes in breeds other 


long-term complications and method of closure. The au- 


than cocker spaniels were evaluated, 63% were acceptable. 


thors concluded that primary closure is an acceptable alter 


Sharpeis were identified as having a better outcome than 


t 


native in dogs undergoing TECA-LBO when surgical wound 


other breeds. 


dead space can be managed with meticulous hemostasis, 


complete debridement of devitalized tissues, and accurate 


Vogel PL, Komtebedde J, Hirsch DC, Kass PH. Wound con¬ 


ap posi t ion of tiss u e pi an es. 


lamination and antimicrobial susceptibility of bacteria 


Love NE, Kramer RW, Spodnlck GJ, Thrall DE. Radi- 


cultured during total ear canal ablation and lateral bulla 


ographk and computed tomographic evaluation of otitis 


osteotomy in dogs. / Am Vet Med Assoc 214:1641, 1999 


media in the dog. Vet Radiol Ultrasound 36:375,1995. This 


Thirteen dogs undergoing total ear canal ablations and lat- 


study compared computed tomography (CT) and radiogra 


era! ear canal resections were evaluated prospectively to de- 


phy in the identification of canine middle ear disease. Four- 


tect contamination of wound sites from surgical handling of 


li 


teen canine patients underwent a radiographic bullae series 


excised tissues during the procedure. Additionally, a com- 


and CT examination of the tympanic bullae. Confirmation 


parisen of susceptibility of bacterial isolates to cefazolin and 


of otitis media was based on surgery. The overall diagnostic 


other antimicrobials was made. Substantial contamination 


accuracy of CT and radiographs regarding the diagnosis of 


of subcutaneous tissues with bacteria from excised tissues of 


otitis media was similar, but CT was considered to be more 


the osseous bulla occurred in these dogs. Cefazolin was ef- 


sensitive. Three false negatives were found on CT (also neg- 


fective against only 70% of the bacterial isolates. 
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Abdomi nal Cavity 




apparent before this time. However, animals with traumatic 
bile peritonitis can show no overt clinical signs for several 
weeks. Likewise, traumatic mesenteric avulsion is seldom as¬ 
sociated w ith clinical signs until peritonitis subsequently de¬ 
velops, usually several days alter injury. Sensitive diagnostic 
tests such as diagnostic peritoneal lavage (see p. 272} may 
help identify patients with significant abdominal trauma be¬ 
fore overt clinical signs develop. 


GENERAL PRINCIPLES AND TECHNIQUES 


DEFINITIONS 


Celiotomy is a surgical incision into the abdominal cavity; 
the term laparotomy often is used synonymously, although 
it technically refers to a flank incision. A sudden onset of 
clinical signs referable to the abdominal cavity (e.g., abdom¬ 
inal distention, pain, vomiting) is called an acute abdomen. 




NOTE • Be aware that overt clinical signs associ¬ 
ated with mesenteric avulsions or rupture of the bi ! - 
iary tract may not become evident for 1 to 2 weeks 
after injury. 


PREOPERATIVE CONCERNS 


Celiotomy is performed for a variety of reasons; surgery may 
be indicated for diagnostic purposes, such as obtaining 
biopsy samples, or for therapeutic reasons. Many animals 
that undergo abdominal exploratory surgery have chronic 
disease, but in some patients emergency abdominal surgery 
must be performed because of acute clinical signs. Some 
conditions are life-threatening, such as gastric dilatation- 
volvulus, colonic perforation, or severe hemorrhage, and ap¬ 
propriate therapy must be started promptly. Conditions that 
require surgery must be differentiated from those that can be 
managed medically. Although obviously unnecessary sur¬ 
gery must be avoided, surgery cannot always be delayed un¬ 
til it is certain the patient will benefit from it. 

The decision to operate is based on the history and phys¬ 
ical examination findings, radiographic and ultrasono¬ 
graphic studies, and laboratory analyses. Physical examina¬ 
tion can be unreliable in predicting the severity of 
abdominal trauma. The inaccuracy associated with examin¬ 
ing patients with acute abdominal disease, particularly that 
associated with trauma, can be attributed partly to the pa¬ 
tient’s condition at the time of examination and the delayed 
development of clinical signs that occurs with some injuries. 
Depressed or lethargic animals may not show pain during 
abdominal palpation. Clinical signs of hemorrhage often are 
not apparent immediately after trauma; delays of 3 to 4 
hours between injury and the development of shock and col¬ 
lapse are common in patients with liver or spleen lacera¬ 
tions. For these reasons, animals that have suffered trau¬ 
matic injuries should be closely observed for at least S to 12 
hours. In most cases life-threatening hemorrhage becomes 


Preoperative management of most animals undergoing 
exploratory laparotomy is dictated by the underlying ab¬ 
dominal disease. General observations include noting the 
animal’s attitude and posture, temperature, respiratory rate 
and effort, and heart rate and rhythm. Auscultation, percus¬ 
sion, and palpation of the abdomen and a rectal examina¬ 
tion also should be performed. Serial examinations are im¬ 
portant to detect trends or deterioration in 
status. An intravenous catheter should be placed for fluid 
and drug administration, and blood samples should k 
drawn. Useful initial blood work in an animal with acute ab¬ 
domen includes hematocrit, serum total protein, serum glu¬ 
cose concentrations, complete blood count (CBC), platelet 
count, and blood urea nitrogen (BUN). Other labors ton 
tests, such as the serum biochemistry profile and clotting pa¬ 
rameters, can be performed, depending on the animal’s con¬ 
dition and the suspected underlying disease. Urine maybe 
collected by means of cystocentesis or catheterization for 
urinalysis. An indwelling urinary catheter may be used to 
quantitate urinary output if necessary. Abdominal radi¬ 
ographs may detect peritoneal fluid (i.e., uroabdomen, per--1 
tonitis) or abnormal accumulations of air. A recent 
ter mined that the most common cause of peritonea! 
effusion in adult cats was neoplasia, whereas the mosuoni- 
mon cause in kittens was right-sided heart failure (Wright, 
Gompf, DeNovo, 1999). Animals with acute abdominal^ 
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Chapter 20 Surgery of the Abdominal Cavity 


internal leaf consists of a portion of the aponeurosis of the 
internal abdominal oblique muscle, the aponeurosis of the 
transversus abdominis muscle, and the transversails fascia. 
The internal leaf disappears in the caudal third of the ab¬ 
domen where the aponeurosis of the interna! abdominal 
oblique muscle joins the external leaf, leaving the caudal rec¬ 
tus abdominis muscle covered only by a thin sheet of trans¬ 
versal is fascia and peritoneum (see Fig. 20-1). 


ABLE 20-1 


Selected Anesthetic Protocols 




ft Va 




Premedication 

Atropine (0,02-0.04 mg/kg SC or IM) or glycopyrrolate 

(0,005-0.01 1 mg/kg SC or IM] plus oxymarphone 
(0,05-0.1 mg/kg SC or IM) or butorphanol (0.2-0.4 
mg/kg SC or IM) or buprenorphlne (5-15 pg/kg IM] 

Induction 

Thiopental sodium (10-12 mg/kg IV) or propofol (4-6 
mg/kg IV) or diazepam plus ketamine [0,27 mg/kg 
and 5,5 mg/kg, respectively) combined and adminis¬ 
tered IV to effect 

Maintenance 

Isaftvrane or ha loth one 


NOTE • The linea alba is easier to locate near the 
mbilicus because it becomes thinner near the pubis. 


u 


SURGICAL TECHNIQUES 


The abdomen generally is explored by means of a ventral mid¬ 
line incision. In most animals the entire abdomen, including 
the inguinal areas, and the caudal thorax should be prepared 
for aseptic surgery to allow extension of the incision into the 
thoracic or pelvic cavities if necessary. Prep ping too small an 
area is a common mistake, particularly for abdominal explo¬ 
ration in trauma patients. To visualize all abdominal struc¬ 
tures adequately, the incision must extend from the xiphoid 
process to the pubis. If only a specific abdominal structure is 
to be examined, a shorter incision can be made. A caudal ab¬ 
dominal incision that extends horn the umbilicus to the pubis 
is adequate for bladder exploration; similarly, a cranial ab¬ 
dominal incision (i.e., umbilicus to xiphoid process) allows 
evaluation of the liver and stomach. Occasionally, the midline 
incision is extended laterally at the xiphoid process (1 cm cau¬ 
dal to the last rib) to facilitate exposure of the liver, biliary sys¬ 
tem, and diaphragm. A paracostal (paralumbar) celiotomy 
can be used to expose the kidneys and adrenal glands; it is 
most commonly used for unilateral adrenalectomy. 


1 


SC, Subcutaneous; IM, intramuscular; IV, intravenous. 


of uncertain cause should have diagnostic peritoneal lavage 
(see p. 272) if radiographs are nondiagnostic. Electrolyte and 
hydration abnormalities should be corrected before surgery. 


c 


y 


NOTE * If you note free air in the abdominal caw 
ity of an animal that has suffered a recent traumatic 
injury, consider exploratory surgery 
may indicate rupture or perforation of the gastroin¬ 
testinal tract* 


ng 




ANESTHETIC CONSIDERATIONS 


> 


The anesthetic management of animals with abdominal dis¬ 
ease depends on the underlying disease. Young, healthy ani¬ 
mals can be premedicated with an anticholinergic and opi¬ 
oid (i,e., oxym orphone, butorphanol, buprenorphine) and 
induced with thiopental, propofol, or a combination 
azepam and ketamine given intravenously to effect (Table 
20-1) (see subsequent chapters for the anesthetic manage¬ 
ment of sick or debilitated animals). 


le 


NOTE • Always count surgical sponges before 
making the incision and before abdominal closure to 
help ensure that none are inadvertently l 
daminal cavity. 


te 


s- 


left in the ab- 


a- 


di- 


n- 


ts 


lid 


Ventral Midline Celiotomy in Cats 
and Female Dogs 

VV)'fh the patient in dorsal recumbency ; make a ventral mid¬ 
line skin incision beginning near the xiphoid process and ex¬ 
tending caudally to the pubis (Fig. 20-2 , A), Sharply incise 
the subcutaneous tissues until the externa/ fascia of the rec~ 

or cauterize small 


be 


b- 


ANTIBIOTICS 


Li¬ 


llie appropriate use of antibiotics in patients undergoing 
abdominal surgery depends on the underlying disease, the 


lei 


>ry 


animal's overall general health, and the length and type of 


tus abdominis muscle is exposed , Ligate 
subcutaneous bleeders and identify the linea alba . Tent the 
abdominal wall and make a sharp incision into the linea 
alba with a scalpel blade. Palpate the interior surface of the 
linea for adhesions. Use scissors to extend the incision cra- 
nially or caudally (or both) to near the extent of the skin fri¬ 
er s ion . Dig i tally break down the a Hoc h men fs of one s ide o f 
the falciform ligament to the body wall or excise it and re¬ 
move it entirely if it interferes with visualization of cranial ab¬ 
dominal structures. Clamp the cranial end of the falciform 

cauterize bleeders before removing it. 


surgical procedure. Surgeries of less than I V 2 to 2 hours in 
which a contaminated, hollow viscus is not opened do not 
usually warrant prophylactic antibiotics (see Chapter 10). 


be 


for 


to 


SURGICAL ANATOMY 


di- 


The rectus sheath is composed of an external and internal 
leaf (Fig. 20-1). The external leaf is formed by the aponeu¬ 
rosis of the external abdominal oblique muscle and 
lion of the aponeurosis of the internal abdominal oblique 
muscle. The aponeurosis of the transversus abdominis mus¬ 
cle joins the external leaf near the pubis (see Fig. 20-1), The 
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Anatomy of the rectus sheath 
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FIG 20-2 

Ventral mid line celiotomy. A, In cats and female dags. B, fn 
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dogs 
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Ventral Midline Celiotomy in Male Dogs 

With the patient in dorsal recumbency, place a towel damp 
the prepuce and damp it to the skin on one side of the 

body (Fig, 20-2 , Bj, Drape the tip of the prepuce and damp 
outside the surgical field. Make a ventral midline skin inci¬ 
sion beginning at the xiphoid process and continuing 
dally to the prepuce . Curve the incision to the left or right of 


Al 


the penis and prepuce (i.e., the side opposite the clamps 
prepuce) and extend it to the level of the pubis (see 
20-2 , Incise the subcutaneous tissues and fibers ofk 

preputial is muscle to the level of the rectus fascia in the 
plane 

branches of the caudal superficial epigastric vein ot the art 
nial aspect of the prepuce. Retract incised skin a/iditAd 


4 


CJ 


the skin incision , Ligate or cauterize 
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Cha p t er 20 S «rgery of the Abdom inal Ca vtty 


Use moistened laparotomy sponges to protect tissues from 
drying during the procedure . if generalized in fection is pres - 

if diffuse intraoperative contamination has occurred, 
{}u$h the abdomen with copious amounts of warmed, sterile 
saline solution. 


TABLE 20-2 


tfr 


ent or 


Systematic Exploration of the Abdominal Cavity 


1, Explore the cranial quadrant 

Examine the diaphragm [including the esophageal 

palpate the liver). 

biliary tree; express the 


hiatus) and the entire liver 

* Inspect the gallbladder an 
gallbladder to determine its patency. 

* Examine the stomach, pylorus, proximal duodenum, 
and spleen. 

* Examine bath pancreatic limbs (palpate gent 
portal vein, hepatic arteries, and caudal vena cava. 

2, Explore the caudal quadrant. 

s Inspect the descending colon, urinary bladder, ure¬ 
thra, and prostate or uterine horns. 

* Inspect the inguinal rings. 

3, Explore the intestinal tract. 

* Palpate the intestinal tract from the duodenum to the 
descending colon and observe the mesenteric vascu¬ 
lature and nodes. 

4, Explore the gutters. 

* Use the mesoduodenum to retract the intestine to 
left and examine the right "gutter," Palpate the kid¬ 
ney and examine the adrenal gland, ureter, and 


j 


Historically, many different antiseptics (he., povidone- 
iodine, chlorhexidine) and antibiotics have been added to 
lavage fluids. Povidone-iodine is the most widely used anti¬ 
septic; however, this practice has not shown a beneficial ef¬ 
fect in repeated experimental and clinical trials and may be 
detrimental in animals with established peritonitis because 

polyvinylpyrrolidone, inhibits macrophage 


the carrier, 

chemotaxis. Similarly, there is no substantial evidence that 
adding antibiotics to lavage fluid benefits patients treated 
with appropriate systemic antibiotics. 


Remove the lavage fluid and blood and inspect the obdom- 

ign motorial 

gical equipment have been removed. Perform a 


inal cavity before closure to ensure 
and sur 

sponge count and compare it with the preoperative count to 

that surgical sponges have not been left in the ab- 


at 


ensure 


dominal cavity. 


ovary. 

Use the descending colon to retract the abdominal 
contents to the right. Examine the left kidney, adre¬ 
nal gland, ureter, and ovary 


Abdominal Wall Closure 


The linea alba may be dosed with simple interrupted sutures 

simple continuous suture pattern. The simple continu- 
technique does not increase the risk of dehiscence when 

properly performed (i.e 
material), and it allows for rapid closure. Preferably strong, 

absorbable suture material (i.e,, polydioxanone, polygiy- 
conate, poliglecaprone 25) should be used for continuous 
suture patterns, and six to eight knots should be placed at 
each end of the incision line. Monofilament, nonabsorbable 


or a 


secure knots, appropriate suture 


ton sous /issues /of era/// and locate the linea alba and 
term! fascia of the rectus abdominis muscle . Do not attempt 
to locate the caudal linea alba until subcutaneous tissues 

sed and the abdominal musculature fascia 


ex- 


have been 

identified.. Ten/ /be abdominal wall and make a sharp inci¬ 
sion into the linea alba with a scalpel blade . Pa/pa/e the in¬ 
ferior surface of the linea for adhesions . Use scissors to ex- 

caudally (or both) to near the 


nylon, polypropylene) has been associ- 


suture material (i.e 
ated with suture sinus formation and should be avoided. 


fend the incision eranially or 
extent of /be skin incision 


Surgical gut and stainless steel wire should not he used tor 
continuous suture patterns. 


Paracostal Celiotomy 

Position /be animal in lateral recumbency and place o rolled 
towel or sandbag befween /bo animal and the operating 
/able. Make o skin incision from the ventral vertebral column 
to near the ventral midline. Center the incision halfway be¬ 
tween the wing of the ilium and the last rib . Extend the inci¬ 
sion through the exfemai abdominal oblique muscle with 
scissors. 5epara/e internal abdominal oblique and transver¬ 
se abdominis muscle fibers and expose the peritoneal and 

incise if 


On each side of the incision , incorporate 4 to 10 mm of fas- 
ia in each suture . Place interrupted sutures 5 to 10 
aparf, depending on the animals size . Tighten sutures suffi¬ 
ciently to appose but not enough to strangulate tissue , be- 

too-fight sutures adversely affect wound healing. In¬ 
in the 


cause 

corporate full thickness bites of the abdominal wall 
sutures if the incision is midline (i.e., through the linea alba; 
Fig. 20-31 Do no/ incorporate the falciform ligament be¬ 
tween the fascial edges . If the incision is lateral to the linea 
alba and muscular tissue is exposed (re., paramedian inci¬ 
sion], close the ex 
cle in the sutures. Do not attempt to include peritoneum in the 
sutures. Close subcutaneous tissues with a simple continuous 
pattern of absorbable suture material and reappose 
preputialis muscle fibers . Use nonabsorbable sutures (simple 
interrupted or continuous oppositional pattern; see Chapter 
9) or stainless steel staples to close the skin , Place skin sutures 

without tension. 


fran s versalfs fascia , Ten / /be peritoneum and sharply 
wi/fr scissors. 


temal rectus s heath without including mus 


Abdominal Exploration 

Sysfemafically explore the entire abdomen. 


nped 

? Fig. 




the 


Various techniques may be used; however, every surgeon 
should develop a consistent pattern to ensure that the entire 
abdominal cavity and all structures are visualized and/or 
palpated in each animal (Table 20-2). 


same 

large 


ubc u - 
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previous discussion on abdominal wall closure for choice of 
suture material. 


Cranial 
two thirds 

of the 
abdominal 


POSTOPERATIVE CARE 
AND ASSESSMENT 


wall 


The abdominal incision should be checked twice daily for red¬ 
ness, swelling, or discharge. If the animal licks or chews at the 
incision, an Elizabethan collar or sidebar should be used to 
prevent iatrogenic suture removal. Early signs of altered 
wound healing are inflammation and edema. Sera sanguineous 
drainage from the incision and swelling are consistent signs of 
acute incisional dehiscence. Dehiscence usually occurs 3 to 5 
days after surgery, when minimal healing has occurred and the 
sutures have weakened; however, it may occur earlier if knots 
were tied improperly or if fascia was not incorporated into the 
sutures. Evisceration usually results in sepsis and severe blood 
loss secondary to mutilation of exposed intestine and must he 
treated promptly. The abdomen should be bandaged, fluid 
therapy initiated, and broad-spectrum antibiotics given while 
the animal is prepared for surgery. If technical failure is 
pected, such as poor knot tying or improper suturing, the en 
tire suture line should be removed and replaced. Debridement 
of the wound edges is unnecessary and delays wound healing, 
The intestine should be closely inspected for viability and dam 
aged sections resected if appropriate (see p. 372). The abdom¬ 
inal cavity should be lavaged copiously with warmed, sterile 
saline. Open abdominal drainage (see p. 272) should be con¬ 
sidered in animals with generalized peritonitis. Wound disrup¬ 
tion after 10 to 21 days usually results in hernia formation 
rather than evisceration. Hernial repair in these animals mav 
require excision of ftbrotic tissues. Subsequent closure require 
that tissue layers be accurately apposed 


Caudal third! 

of the 
abdominal 


sus- 


FIG 20-3 

To close a midline incision, incorporate full fhickn 
the linea alba (or the external sheath only) in the sutures. 


bites of 


For paracostal celiotomy, dose the individual muscle lay¬ 
ers with synthetic absorbable suture materia! in a continuous 
or interrupted pattern . Attempt to eliminate dead space be¬ 
tween muscle layers. Appose subcutaneous tissue with ab¬ 
sorbable suture in a continuous or interrupted pattern and 
dose the skin with nonabsorbable suture in a simple inter¬ 
rupted or continuous pattern., 


COMPLICATIONS 


HEALING OF THE ABDOMINAL WALL 


Dehiscence (incisional hernias) may occur if improper surgin' 
technique is used (see the above discussion). The most com¬ 
mon causes of wound dehiscence in the early p os tope ra live pe¬ 
riod are suture breakage, knot slippage or untying, or suture 
cutting through tissue. A higher rate of dehiscence may be seer 
in animals with wound infections, fluid or electrolyte imbal 
ances, anemia, hypoproteinemia, metabolic disease, immuno¬ 
suppression (e.g., feline immunodeficiency virus [FIVj, feline 
leukemia virus), or abdominal distention or in those that have 
been treated with corticosteroids, chemotherapeutic agents, or 
radiation. Suture sinus formation has been reported with non¬ 
absorbable suture material. Such cases require surgical resec¬ 
tion of affected tissues and removal of offending sutures, 


The ability of tissues to hold sutures without tearing de¬ 
pends on the tissue’s strength and the orientation of collagen 
fibrils. Skin and fascia are strong, whereas muscle and fat 
weak. Peritoneum heals rapidly across the incision and does 
not contribute to wound strength, therefore closure of this 
layer is not beneficial. Experimental and clinical studies in 
dogs suggest that suturing peritoneum may increase the in¬ 
cidence of postoperative intraabdominal adhesions. 


are 


NOTE * Make sure to incorporate fascia in the 
linea closure. Because the holding layer of abdomi¬ 
nal incisions is fascia rather than muscle, dehiscence 
Is common if the rectus fascia is not incorporated in 
sutures. 


! 


SPECIAL AGE CONSIDERATIONS 


c 


Healing may be delayed in debilitated, very young or ven 
old, or hypoproteinemic animals; chromic gut suture should 
not be used for abdominal wall closure in these patients. 


C 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Vv 


SL 


Useful instruments for celiotomy include Balfour abdominal 
retractors, Poole or Yankauer suction tips, malleable retrac¬ 
tors, and Mixter (right-angle) forceps. Laparotomy pads and 
4X4 sponges should have radiopaque markers. See the 
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SPECIFIC DISEASES 
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UMBILICAL AND ABDOMINAL HERNIAS 


DEFINITIONS 


FIG 20-4 

Location of abdominal and umbilical hernias. 


External abdominal hernias are detects in ihe external wall 
of the abdomen that allow protrusion of abdominal con¬ 
tents; internal abdominal hernias are those that occur 
through a ring of tissue confined within the abdomen or 
thorax (i.e., diaphragmatic hernia* hiatal hernia). External 
abdominal hernias may involve the abdominal wall any¬ 
where other than the umbilicus, inguinal ring, femoral canal, 
or scrotum. Umbilical hernias occur through the umbilical 
ring. The contents of true hernias generally are enclosed in 
a peritoneal sac; false hernias allow protrusion of organs 
outside a normal abdominal opening, therefore the contents 
seldom are contained in a peritoneal sac. Omphaloceles are 
large midline umbilical and skin defects. 


vitelline duct, and the stalk of the allantois pass through the 
umbilical ring in the fetus, but this aperture doses at birth, 
leaving an umbilical cicatrix. If the aperture fails to contract 
or is too large or improperly formed, a hernia results. These 
hernias are lined by a peritoneal sac and are considered true 
hernias. The cause of umbilical hernias is seldom known, 
but most are thought to be inherited. Many male dogs with 
umbilical hernias are also cryptorchid. Omphaloceles allow 
abdominal organs to protrude external!v (eviscerate). The 
abdominal contents initially are covered by amniotic tissue, 
but this membrane covering is easily ruptured. Most affected 
neonates either die or are euthanized at birth. 


SYNONYMS 


Abdominal hernias may be defined according to their loca¬ 
tion (i.e., ventral, prep tibia subcostal hypochondral, para- 

costal or lateral). The cranial pubic ligament formerly was 
called the prepubic tendon . 


DIAGNOSIS 

Clinical Presentation 

Signalmen!. Most animals with umbilical or abdominal 
hernias are young. Umbilical hernias are believed to be her¬ 
itable in some breeds (i.e., Airedale, basenji, and Pekingese). 
Cranial ventral abdominal hernias associated with peri to¬ 
ne operi cardial diaphragmatic hernias may be inherited in 
weimaraners. 

History. A history of trauma is common with abdomi¬ 
nal hernias. The hernia initially may be overlooked while 
more obvious or life-threatening injuries are treated. Small 
umbilical hernias often are noi noticed until the animal is 
examined for neutering. If strangulation or intestinal ob¬ 
struction occurs, the animal may be presented tor treatment 
of vomiting, abdominal pain* anorexia, and/or depression. 

Physical Examination Findings 

Abdominal structures (i.e., organs or omentum) in the sub¬ 
cutaneous space or between muscle layers usually cause 
asymmetry of the abdominal contour. The size of the 
swelling may not correspond to the size of the hernia, par¬ 
ticularly if intestine has migrated into the hernia. The 
swelling should be palpated carefully to discern the contents 
of the hernia (i.e., intestine, bladder, or spleen) and to locate 
the abdominal defect. These patients should be thoroughly 
examined to determine whether a concurrent abdominal or 


1 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


■s 


Abdominal hernias generally occur secondary to trauma, 
such as vehicular accidents or bite wounds; however, they 
occasionally have been reported as congenital lesions. Con¬ 
genita! cranial abdominal hernias (i.e., cranial to the umbili¬ 
cus) have been reported in association with peritoneoperi¬ 
cardial diaphragmatic hernias in dogs and cats. Abdominal 
hernias arc false hernias because they do not contain a her¬ 
nial sac. When associated with blunt trauma, they arise as a 
remit of rupture of the wall from within caused by an in¬ 
crease in intraabdominal pressure while the abdominal mus¬ 
cles are contracted. The most common sites for traumatic 
abdominal hernias are the prepubic region and the flank. 
Cranial pubic ligament hernias often occur in association 
with pubic fractures (Fig, 20-4). Paracostal hernias may re¬ 
sult in migration of abdominal contents along the thoracic 
wall (see Fig. 20-4), In rare cases the abdominal contents en¬ 
ter the chest through defects in the intercostal muscles. 

Umbilical hernias usually are congenital, caused by 
flawed embryo genes is (see Fig. 20-4). Umbilical vessels, the 
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thoracic injury or abnormality exists. Rupture of the cranial 
pubic ligament often is difficult to palpate because of subcu- 
t a neo u s s we Iling a nd pa in. 

Umbilical hernias usually manifest as a soft ventral ab¬ 
dominal mass at the umbilical scar. Deep palpation of the 
swelling reveals the size of the umbilical ring and helps 
characterize the hernial contents. The hernial ring is not 
palpable in some animals because the ring closes subse¬ 
quent to herniation of falciform fat or omentum. Occasion¬ 
ally intestine or other abdominal structures can be pal¬ 
pated; they generally can be reduced into the abdominal 
cavity. If the umbilical sac is warm or painful and the con¬ 
tents are irreducible, intestinal strangulation or obstruction 
should be suspected. 


and in patients in stable condition, delaying surgery until 
muscle damage can be accurately assessed facilitates surgical 
correction. The most common complications of surgery are 
hernia recurrence and wound infection. Abdominal hernias 
that occur secondary to bite wounds usually are contami¬ 
nated; wound infection and dehiscence of the skin or hernial 
repair (or both) are common. Mesh should not be placed in 
these hernias, and the wounds should be drained. Treatment 
of infected wounds includes cultures, drainage, antibiotics, 
and/or flushing. Abdominal exploration should be per¬ 
formed at herniorrhaphy to diagnose concurrent abdominal 
organ injury {Le., mesenteric avulsion, gastric or intestinal 
perforation, diaphragmatic herniation, bladder rupture). 

Many umbilical hernias resolve spontaneously in young 
animals or are small and are not corrected until the animal 
is neutered. Spontaneous closure may occur as late as 
6 months of age* Intestinal strangulation is most likely when 
the hernial defect is about the size of intestine and the her¬ 
nial sac is large* Strangulation is unlikely in very small or 
large defects. If abdominal viscera in the hernia cannot be 
reduced, surgery should be performed as soon as possible. 

Preoperative Management 

Preoperative care depends on the animal's status and con¬ 
current injuries. Hydration and electrolyte abnormalities 
should be corrected before surgery. 

Anesthesia 

II there are no concurrent abdominal injuries or diseases , 
variety of anesthetic protocols can be used to anesthetize the 
animal {see Fable 20-1), Any underlying disease dictates the 
anesthetic management of sick or debilitated patients (see 
subsequent chapters for detailed information about the I 
anesthetic management of these patients), ■ 

Surgical Anatomy I 

The abdominal wall is composed of four muscle layers! the I 
external and internal abdominal oblique muscles, the rectus I 
abdominis muscle, and the transversus abdominis musde), I 
Abdominal hernias may occur at insertions or attachments of 
these muscles or through muscle bellies themselves. The era- I 
nial pubic ligament (prepubic tendon) is a band of transverse 
tibers that connects the iliopectineal eminence and pectineal f 
muscle origin of one side with those on the other side. This 
ligament attaches the rectus abdominis muscle to the pelvis, 

Positioning ■ 

For ventral hernias the animal is placed in dorsal re cum- I 
bency and the area around the hernia is prepared for aseptic 
surgery. Repair of ruptures of the cranial pubic ligament 
may be facilitated by placing the animal in dorsal ream* I 
bency with the rear limbs flexed and pulled cranially, H 


NOTE ■ Be sure to evaluate dogs with congenital 
hernias for other defects (e*g., cryptorchidism with 
umbilical hernias, ventricular septal defects, and peri¬ 
cardial diaphragmatic hernias with cranial abdomi¬ 
nal hernias)* 


Radiography and Ultrasonography 

Radiographs should be taken in animals with abdominal 
hernias. Routine ventral dorsal and lateral views may show 
an associated abdominal or thoracic injury (e,g., abdominal 
fluid, diaphragmatic hernia)* Abdominal radiographs may 
help confirm the presence of a hernia (i.e*, subcutaneous in¬ 
testinal loops and loss of the ventral abdominal stripe) when 
the abdominal wall defect cannot be palpated because of 
swelling or pain. Radiographs generally are not indicated in 
small umbilical hernias* Ultrasound scans may also help de¬ 
fine the contents of hernias. 


Laboratory Findings 

Laboratory abnormalities are uncommon with umbilical 
hernias unless strangulation or intestinal obstruction is pres¬ 
ent. Abnormalities associated with abdominal hernias vary 
depending on the severity of concurrent Internal injuries. 


DIFFERENTIAL DIAGNOSIS 


Most hernias are diagnosed on physical examination* Differ¬ 
ential diagnoses for abdominal swellings include abscesses, 
cellulitis, hematomas or seromas, and neoplasia. 


MEDICAL MANAGEMENT 


Initial treatment of animals with abdominal hernias is di¬ 
rected toward diagnosing and treating shock and concurrent 
life-threatening internal injuries. 


SURGICAL TREATMENT 


Most abdominal hernias can be repaired by suturing torn 
muscle edges or apposing the disrupted abdominal wall edge 
to the pubis, ribs, or adjacent fascia* In rare cases synthetic 
mesh must be used to repair the defect. Some hernias (i.e., in¬ 
testinal strangulation, urinary obstruction, concurrent organ 
trauma) require emergency surgical correction. However, the 
extent of devitalized musde may not be apparent initially, 


SURGICAL TECHNIQUES 

Abdominal Hernias 




FBI 




To 


For most abdominal hernias , perform □ ventral midtma t 
domino I incision to allow the entire abdomen to be exp lord 
Assess the extent of visceral herniation * Reduce the hem'\Qt& 
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Umbilical Hernias 


I contents and amputate or excise necrotic or devitalized tis- 
I sue oround the hernia . Close the muscle layers of the hernia 

| wflh simple interrupted or simple continuous sucres. If 

|[ forge area of devitalized tissue is removed, use synthetic 

mesh such os Marl ex or Prolene to close the defect (do not 
place mesh in infected sites). Fold the edges of the mesh over 
and suture the folded edges to viable tissue using simple in¬ 
terrupted sutures, injuries to the cranial pubic ligament can 
he difficult to repair, if necessary drill holes in the pubic 
bone to anchor the sutures , 

Para costa I hernias. Mate a midline incision or make 
one directly over the hernia. Explore the hernia and suture 
/he torn edges of die transverse, internal, and external ab¬ 
dominal oblique muscles. Incorporate a rib in the suture if 


For umbilical hernias, palpate the hernial ring , reduce the 
abdominal contents if possible , and incise the skin over the 
umbilicus, if the hernia contains only fat or omentum , ligate 
the hernial neck and excise the sac and its contents. As on 


a 


alternative , if adhesions are not present, invert the sac and 
its contents into the abdominal cavity ; Do not debride the 
wound margins. Suture the edges of the defect with monofil¬ 
ament, synthetic , absorbable suture (i.e,, polydioxanone , 
polyglyconate, poliglecaprone 25) in a simple interrupted 

pattern. If the hernial contents cannot foe reduced f mak 
ell ip tic 


\ 


e 


l 


around the swelling to avoid damaging the 
contents. Incise the hernial sac and replace the contents in 
the abdominal cavity. If the contents are irreducible or if 
strangulation or intestinal obstruction is present , extend the 
abdominal defect on the mid line. Explore the abdomen and 
inspect the intestines for viability before closing the defect , 
Umbilical hernia repair seldom requires mesh implantation. 


1 


muscle has been avulsed from the costal arch . 


Cranial pubic ligament hernias, t a / , e 

midl/ne skin incision and identify the ruptured tendon and its 
pubic insertion. Evaluate the inguinal rings and vascular la¬ 
cuna; these hem /as may extend into the femoral region as a 
resu/t of rupture of the inguinal ligament . Reattach the free 
edge of /he abdominal wall to the cranial pubic ligament 
wifo simple interrupted sutures. As an alternative, suture the 
tendon remnant to the muscle fascia and periosteum 
fog fhe pubis or anchor if to the pubis by drilling holes in the 
pubic bone fh rough which sutures can be placed (Fig. 20-5). 
if fhe hernia extends into the femoral region, it may be nec¬ 
essary to suture fhe body wall to fhe medial fascia of the ad¬ 
ductor muscles. When doing so, tote care to avoid damag¬ 
ing fhe femoral vessels or nerves. 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


e 


Strong, absorbable suture (polydioxanone, polyglyconate, 
poliglecaprone 25) or nonabsorbable suture (polypropylene 
or nylon) should be used to repair abdominal or ventral her¬ 
nias, Marlex and Prolene synthetic mesh may be used to re¬ 
pair some large defects. 
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es 


POSTOPERATIVE CARE 
AND ASSESSMENT 


a 


he 


The postoperative care of these patients is dictated by the 
presence of concurrent injuries or disease. The patient 
should be kept quiet, and the wound should be checked fre¬ 
quently for infection or dehiscence. Vomiting, fever, and/or 
leukocytosis may indicate peritonitis (see p. 268), 


he 


R eel u s 

abdominis muscle 


he 


PROGNOSIS 


th e 


The prognosis generally is good, and recurrence is uncom¬ 
mon. When recurrence occurs, it generally is noted within a 
few days of surgery. Most animals have excellent long-term 
results when appropriate techniques are used. 
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Suggested reading 


Waldron DR, Hedlund CS, Pechman R: Abdominal hernias in dogs 
and cats: a review of 24 cases, J Am Anim Hosp Assoc 22:817, 
1986. 
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INGUINAL, SCROTAL, 
AND FEMORAL HERNIAS 


u m - 
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nent 






DEFINITIONS 


Cranial pubic 
ligament 


Inguinal hernias are protrusions of organs or tissues 
through the inguinal canal adjacent to the vaginal process. 
Scrotal hernias occur when inguinal ring defects allow ab¬ 
dominal contents to protrude into the vaginal process adja¬ 
cent to the spermatic cord. Femoral hernias occur through 
a detect in the femoral canal. 


m 20-5 

T o repair injuries to the cranial pubic ligament, it may be 

necessary to anchor the ligament to the pubis by drilling 
holes in the pubic bone through which sutures can be 
placed. 
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PART III Soft Tissue Surgery 


DIAGNOSIS 

Clinical Presentation 

Signalmen!* Nontraumatic inguinal hernias are most 
often reported in intact, middle-aged female dogs or young 
male dogs (under 2 years of age). Inguinal hernias presum¬ 
ably arise in young male dogs because late testicular descent 
delays closure of the inguinal ring. Breeds that are predis¬ 
posed to this condition include Pekingese, cairn terrier, bas¬ 
set, basenjk and West Highland white terrier. Older bitches 
may be predisposed to develop inguinal hernias because they 
have a relatively large-diameter ring with a short canal. Her¬ 
niation is most commonly associated with enlargement of 
the entrance to the vaginal process in these dogs. Inguinal 
hernias are rare in cats. Scrotal hernias have been reported 
most commonly in chondrodystrophic dogs, particularly 
shar peis. No breed or sex predisposition has been reported 
for femoral hernias. 

History. Animals with inguinal hernias maybe presented 
for evaluation of a painless swelling in the inguinal region or 
for vomiting, lethargy, pain, and/or depression if the hernial 
contents are incarcerated. Small hernias often go unnoticed 
unless organ entrapment or incarceration occurs. Omentum 
is the most common organ present in canine Inguinal her- 
n ias. Uterus often is located in the hernias of affected intact 
females. These hernias often are chronic and do not cause 
clinical signs until pregnancy or pyometra de vetops. 

Animals with scrotal and femoral hernias usually are pre¬ 
sented for evaluation of scrotal or medial thigh swelling, re¬ 
spectively, or for vomiting and pain if intestinal incarcera¬ 
tion occurs. 

Physical Examination Findings 

The physical characteristics of the swelling vary according 
to the hernial contents and the degree of associated vascu- j 
lar obstruction. Often a soft, painless, unilateral or bilateral i 
swelling is noted in the inguinal region. If intestinal stran- | 
gulation has occurred or if a gravid uterus or urinary 
der is contained in the hernia, the swelling may be large 
fluctuant, and painful. Finding nonviable small intestine i: 
more common in young male dogs (under 2 years of age] 
with non traumatic hernias than in older animals, Associ- 
ated vascular or lymphatic obstruction (or both) may cause 
testicular and spermatic cord edema. Concurrent abnor¬ 
malities may be noted, such as perineal hernia or cryp¬ 
torchidism, Unilateral inguinal hernias are more common 
than bilateral hernias. Bilateral hernias occur more com¬ 
monly in young dogs, and careful palpation of the con¬ 
tralateral inguinal region for occult hernias is recom¬ 
mended in all dogs, 

A scrotal hernia usually appears as a firm, cordlike mm 
that extends into the caudal aspect of the scrotum. Pah 
and bluish-black tissue discoloration maybe noted if intes¬ 
tinal strangulation has occurred. Femoral hernias mu 
swelling on the medial aspect of the thigh that may exteod 
into the inguinal region. The swelling is located caudal 
to the inguinal ligament and ventrolateral to the pdvi 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Inguinal hernias may arise from a congenital abnormality of 
the inguinal ring or may be caused by trauma (Fig. 20-6), An 
inguinal ring defect allows abdominal contents (e.g., intes¬ 
tine, bladder, uterus) to enter subcutaneous spaces. Congen¬ 
ital hernias may be associated with other abnormalities, such 
as umbilical hernias, perineal hernias, and cryptorchidism. 
Whether inguinal hernias are heritable in most breeds is un¬ 
known; neutering is recommended in dogs with nontrau- 
matic hernias until the genetics of this condition become 

k nown. 


The causes of inguinal herniation in small animals are 
poorly understood. Both neutered and intact male and fe¬ 
male dogs may develop nontraumatic inguinal hernias. They 
maybe unilateral or bilateral; unilateral inguinal hernias oc¬ 
cur more commonly on the left side. Sex hormones have 
been incriminated in the formation of inguinal hernias in 
mice, but their role in dogs is unclear. Pregnancy and obesity 
maybe associated with the formation of an inguinal hernia. 
Traumatic inguinal hernias may occur as a result of a con¬ 
genital weakness of the musculature or abnormality of the 
inguinal ring. 

Scrotal hernias are rare 


indirect hernias (see Fig. 20-6), 
They usually are unilateral, and strangulation of abdominal 
contents is common. Little is known about the cause and 


heritability. A congenital defect or trauma may predispose 
some dogs to hernia formation. An increased incidence ol 
testicular tumors has been reported in conjunction with 
scrotal hernias. 

Femoral hernias are rare in dogs and cats. They occur 
when abdominal contents or fat protrude through the 
femoral canal, caudomedial to the femoral vessels (see Fig. 
2(T6). They may be mistaken tor inguinal hernias. Femoral 
hernias may occur after trauma and avulsion of the cranial 
pubic ligament, or they may result if the origin of the 
pectineus muscle is transected from the pubis during subto¬ 
tal pectineal myectomy. 
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FIG 20-6 

location of scrotal, inguinal, and femoral hernias. 
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Surgery of the Abdominal Cavity 


Chapter 20 


Anesthesia 

If the animal is healthy, a variety of anesthetic protocols can 
be used safely (see Table 20-1). For patients in which non vi¬ 
able intestine is present, see p. 370 for anesthetic recommen¬ 
dations for animals undergoing intestinal surgery* Anesthetic 
protocols for pregnant animals can be found on p. 613* 

Surgical Anatomy 

The inguinal canal is a sagittal slit in the caudoventral ab¬ 
dominal wall through which pass the genital branch of the 
genitofemoral nerve, artery, and vein, the external pudendal 
vessel, and the spermatic cord (males) or round Ligament 
(females) (Fig* 20-7). The vascular structures are located in 
the candomedial aspect of the can ah The inguinal canal is 
bounded by the internal and external inguinal rings. The in¬ 
ternal inguinal ring is formed by the caudal edge of the in¬ 
ternal abdominal oblique muscle (cranial), the rectus abdo- 

musde (medial), and the inguinal ligament (lateral 
and caudal); the external inguinal ring is a longitudinal slit 
in the aponeurosis of the external abdominal oblique mus¬ 
cle. Direct hernias occur when peritoneal e vagi nation occurs 
as a separate, distinct outpocketing from the vaginal process; 
indirect hernias are protrusions through the normal evagi¬ 
nation of the vaginal process. 

Positioning 

The animal is positioned in dorsal recumbency, and the cau¬ 
dal abdominal and inguinal areas are prepared for aseptic 
surgery. 


Radiography and Ultrasonography 

Abdominal radiographs may help identify herniation of a 
gravid uterus, intestine, or bladder in an 
I Loss of the caudal abdominal stripe may be noted in af- 
I fected animals. Ultrasonography is useful with scrotal her¬ 
nias to assess the viability of testicular blood flow and to 
help determine if spermatic cord torsion or a hydrocele is 
present* 

I Laboratory Findings 

II Laboratory abnormalities are uncommon unless intestinal 

I incarceration has occurred* 


inguinal hernia. 
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DIFFERENTIAL DIAGNOSIS 


ed 


Differentiation of mammary tumors, 
ph adenopathy, hematomas, abscesses, and/or mammary 
cysts from inguinal hernias is facilitated by placing the ani¬ 
mal on its back and attempting to reduce the contents of the 
swelling. Incarceration of intestine may prevent reduction 
and makes differentiation of these abnormalities difficult. 
Differential diagnoses for scrotal hernias include trauma, 
testicular or scrotal neoplasia, orchitis, and severe scrotal in¬ 
flammation or swelling. Differential diagnoses for femoral 
hernias include neoplasia, abscesses, and lymphadenopathy. 
Femoral and inguinal hernias may be difficult to distinguish 
from each other before surgery. 
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Do not mistake the caudal abdominal fat 
pad in obese cats For an Inguinal hernia. 


SURGICAL TECHNIQUES 


The goal of surgery is to reduce the abdominal contents and 
close the external inguinal ring so that herniation of abdom¬ 
inal contents cannot recur. The approach for inguinal hernias 
depends on whether the hernia is unilateral or bilateral; if the 
contents can be reduced; and if intestinal strangulation or 
concurrent abdominal trauma is a factor. Although an inci¬ 
sion can be made parallel to the flank fold directly over the 
lateral aspect of the swelling, a midline incision usually is pre¬ 
ferred in female dogs because it allows palpation and closure 
of both inguinal rings through a single skin incision. Inguinal 
hernias usually can be closed without using prosthetic mate¬ 
rials* Occasionally repair of recurrent or large traumatic de¬ 
fects requires placement of synthetic mesh (see p. 49} or a 
cranial sartorius muscle flap (see p. 177)* Bilateral orchiectomy 
is recommended with scrotal hernias to lessen recurrence. 


MEDICAL MANAGEMENT 


ding 


fhe animals condition should be stabilized before surgery. 


teral 


SURGICAL TREATMENT 


Prompt surgical correction is recommended to prevent 
complications associated with intestinal strangulation or 
pregnancy. Undescended testicles should be removed during 

an inguinal hernia. Necrosis of ipsilateral de- 


ilad- 

arge, 

iiie is 

L age) 

isoci- 

ca use 


repair 

tended testicles may occur secondary to vascular obstruc¬ 
tion and requires orchiectomy. If a gravid uterus is contained 
in the inguinal hernia, the animal can be spayed, or if the fe¬ 
tus is viable and termination of the pregnancy 
an attempt can be made to reduce the uterus and close the 
inguinal ring, However, parturition or uterine enlargement 
nuvbe associated with recurrence* 


is not desired 


cryp- 
i m o n 

cam- 

con- 

:com- 


Inguinal Hernias 

Make a caudal abdominal midline skin incision in female dogs 
cron tally from the brim of the pelvis (Fig. 20-8). Deepen the in¬ 
cision through subcutaneous tissues to the ventral rectus sheath . 
Expose the hernial sac by bluntly dissecting beneath mammary 
tissue and identify the hernial sac 
duce the abdominal contents by twisting the sac and milking 
the contents through the ring; or ; necessary. Incise the hernial 
and make an incision in the craniomedial aspect of the ring 
to enlarge it (Fig. 20-9, BJ* After reducing the abdominal 


Neuter animals with inguinal hernias. 
Warn owners of intact female dogs that the hernia 
may recur if the dog is bred or develops pyometra* 


; mass 
l* Pain 


and ring (Fig. 20-9 , Aj. Re 


extend 

caudal 

pelvic 


Preoperative Management 

If intestinal incarceration or strangulation is suspected, an¬ 
tibiotics should be given before surgery. 
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Soft Tissue Surgery 




I 




Female 


Caudai 

superficial 

epigastric 
artery and vein 


External 
abdominal 
oblique muscle 


Internal 
abdominal 
oblique muscle 


External 

Inguinal 


I 


l 


l 


' 


i 




I 


ring 


l 


/ 


7a 


i 




% 


I 


I 


i 




i 


I 


111 


I 


I 




I 




** \ 


I 


J 


J 


■ 




\ 


I 


I 


h 


K f ' 1 i , 

Vo '■ i \ 


\ O 


'V 


I 


L , 


i 




i 


I 








l 


‘ 


i 


/ 


i 


I- ■* 




i 


j . i 




i 


i‘ 


r -4 


I 


/** 
f I f j 


v V* 


■ 


* - "P 

i - S/t 


tf ■ 


i 


/ 


- i §, 


V ' * t 
*/ t 1 


{ i 


- 1 


h 


n 


r i 


i 






* 


p 


i 


L 


1 


Pectineus muscle 


h 


1 




t- 


External 

pudendal 

artery and vein 


Genitofemoral nerve 


Spermatic 

cord 


FIG 20-7 

Components of the inguinal canal. 


contents (enlarge the inguinal ring if necessary), Resedr on- 
vioble in tes tine or perform an oven ohys te recto my Q nd close 
the inguinal ring (or rings). I 


Scrotal Hernias 


Incise the skin over or lateral to the inguinal ring and pa 

lei to the flank fold {Fig. 20-10). Expose the hernial 
reduce the abdominal contents (incise the hernial sac if nec¬ 
essary). if hernial repair is performed in conjunction wither 
c hiedomy (preferred), open the hernial 
con ten ts of the $ perm otic cord (Fig , 20 - / 1, A), Remove if® 
testicle after disrupting the ligament of the tail of the epf- 
didymis and ligate the hernial sac at the level of the iot& 
inguinal ring (Fig. 20-1 1 , BJ. if castration is not perform 
make an incision info the hernial sac (parietal vaginal fun id 
and evaluate the hernial contents (Fig. 20-1 J , Cj. Reduce k 
herniated contents and place a transfixing ligature or 
horizontal mattress sutures in the hernial sac to reduce 








and ligate m 
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FIG 20-8 

incision for repair of an inguinal hernia. 






size of the vaginal orifice (Fig. 2011,0). Partly close the 


contents , amputate the base of the hernial sac and close it with 
horizontal mattress sutures in a simple continuous suture pat¬ 
tern or an inverting suture pattern (i.e., Cushing plus Lembert) 
(Fig. 20-9 , C and Dj. Close the inguinal ring 

terrupted sutures of absorbable or nonabsorbable synthetic 
suture material (Fig. 20-9 \ F). Avoid compromising the exter¬ 
nal pudendal vessels and genitofemoral nerve , which exit 
from the caudomediat aspect o f the ring for the spermatic cord 
in i n tact m ale dogs). Pa I pa te the co ntrala te ra I ring and close 
it if necessaty before skin closure. 

If the hernial contents cannof be reduced , perform 
liotomy and explore the abdominal contents. Expose the 
inguinal ring as described above and reduce the hernial 


tern a I inguinal ring with interrupted sutures (Fig. 20- f I, £J 
Do not compromise the spermatic cord or vascular struct 
at the ca udom edi a I as pec t of th e ring . 

If the hernial contents cannot be reduced or if viscera 
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strangulated and necrotic , perform 
described previously. After resecting the intestine t expos 
inguinal ring and repair the hernia. Perform a scrotal otic 
fton if the vaginal process and scrotum have be 
con to min a ted. 


id line celiotomy 
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Femoral Hernias 

Incise the skin parallel to the inguinal ligament and expos 
the hernial sac. Reduce the contents and ligate the tenjj 
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Inguinal hernia repair. 
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Surgery < 7 / the Abdominal Cavity 


Chapter 20 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Iliopsoas muscle 


External and 
internal 


/ 


abdominal 


Routine use of drains is not recommended; however, her¬ 
nial sites should be assessed postoperatively for evidence of 
infection or the formation of a hematoma or seroma. It 
abscessation occurs, prompt removal of skin sutures* 
drainage, and topical therapy are indicated to prevent de¬ 
hiscence of the hernia repair. Exercise should be restricted 
to leash walks for several weeks. An Elizabethan collar may 
be necessary to prevent the animal from licking at the sur¬ 
gical site. Postoperative testicular swelling may indicate 
compromise of testicular lymphatic or vascular drainage 
(or both). With femoral hernias, hobbles may be necessary 
during healing to prevent limb abduction, and femora! 
nerve function should be assessed postoperatively. Nerve 
deficits or severe pain may indicate compromise of the 
femoral nerve during the repair; reoperation is warranted in 
such cases. 


oblique muscle 


Sartorius 

muscle 


External 


p j 


1 1 1 


Deep - 
femoral 
artery 


Femoral 
artery and 


PROGNOSIS 


Pectineus 


muscle 


The prognosis is excellent unless intestinal leakage and per¬ 
foration occur. The overall complication rate in one study of 
35 dogs with inguinal hernias was 17% with a mortality rate 
of 3% (Waters, Roy, Stone, 1993). 
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sac as high in the femora/ canal as possible. If the inguinal 
ligament is intact c lose the femoral canal by placing sutures 
fcefween the inguinal ligament and the pectineal fascia. Do 
not damage or compromise the neurovascular structures of 
the femora/ canaf (Fig H 20-12). Close the subcutaneous ft's* 
and s tin. If abdominal organs have strangulated, per- 
form a mfd/rne ce/io/omy. Reduce the abdominal contents\, 
rfien invert and ligate the sac. Dissect laterally from the skin 
incision to the femora/ canal and close the femoral canal de¬ 
fect os described above. 


Pugh CR, Konde LJ: Sonographic evaluation of canine testicular 
and scrotal abnormalities: a review of 26 case histories, Vit Ra¬ 
diol 32:243, 1991. 


suss 


PERITONITIS 


SUTURE MATERIALS AND SPECIAL 
INSTRUMENTS 


DEFINITIONS 


Primary generalized peritonitis refers to spontaneous 
fiammation of the peritoneum without any preexisting 
traabdominal pathologic condition. Secondary generalized 
peritonitis occurs in conjunction with an intraabdominal 
pathologic condition and may be further classified as infec¬ 
tious or non infectious. 


Monofilament absorbable (polydioxanone, polyglyconate, 
poliglecaprone 25) or nonabsorbable (polypropylene or ny¬ 
lon} suture material should be used to close the hernial ring. 
Multifiiament nonabsorbable suture may be associated with 
a higher incidence of wound infection. Mesh can be used as 
..n overlay to reinforce the primary hernia repair (see p. 49). 


m- 


F1G 20-11 

Scrotal hernia repair in conjunction with orchiectomy. A, Open the hernial sac and ligate 
the contents of the spermatic cord. B, Remove the testicle and ligate the hernial sac ot the 
level of the internal Inguinal ring. If castration is not performed, make an Incision into the 
hernial sac (C), reduce the contents, and reduce the size of the vaginal orifice (D). 

E, Partly close the external Inguinal ring. 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Laboratory Findings 

The most common laboratory finding in animals with peri¬ 
tonitis is a marked leukocytosis- however, the neutrophil 
count may be normal or low in some cases. The predominant 
cell type is the neutrophil, and a left shift is often but not al¬ 
ways apparent. Other abnormalities may include anemia, de¬ 
hydration, and electrolyte and acid-base abnormalities. 

In early cases of peritonitis little or no abdominal effusion 
may be seen. When effusion is present, abdominocentesis 
should be performed (see p. 271) and fluid retrieved for analy¬ 
sis, (See pp. 483 and 587 for fluid analysis of animals with 
uroabdomen and bile peritonitis, respectively.) Inflammatory 
fluids should have an elevated number of neutrophils, which 
may appear degenerative. Significant numbers of leukocytes ac¬ 
cumulate in the peritoneal cavity within 2 to 3 hours of con¬ 
tamination with blood, bile, urine, feces, or gastric or pancreatic 
secretions. Leukocyte counts in the abdominal fluid of normal 
dogs usually are less than 500 cells/pl. In specimens obtained by 
peritoneal lavage (see p, 272) in dogs, white blood cell (WBC) 
counts ol 1000 to 2000 cells/|il indicate mild to moderate irri¬ 
tation; counts over 2000 cells/pd indicate marked peritonitis 
(Hardie, 1995). The presence of degenerate leukocytes and bac¬ 
teria in the lavage fluid also suggests intraabdominal infection, 
However, the presence and number of WBCs should be cone- . 
lated with other clinical findings when considering abdominal j 
exploration. Elevated leukocy te counts are found in most dogs I 
a fter ab dominal su rge rye l n a nim als that have u 11 dergon e recent 
surgery, 7000 to 9000 cells/pi indicates mild to moderate peri- I 
tonitis, and more than 9000 cells/pJ indicates marked peritoni¬ 
tis (Hardie, 1995). An abdominal effusion glucose con centra- j 
tion below 50 mg/dl may be a specific indicator of bacterid 
peritonitis in dogs (Swann, Hughes, 2000), ■ 

After abdominocentesis the amount of blood in the ab- I 
dominal cavity can be estimated by observing the lavage I 
sample. A red color reflects the presence of red blood cells I 
(RBCs), and a deep red color usually indicates severe hem j 
orrhage. If newsprint cannot be read through the plastic 
tubing, hemorrhage is significant; if print can be seen 
through the tubing, only moderate or minimal hemorrhage 
is present. The amount of blood in the abdominal cavity cars J 
be estimated using the equation shown in Table 20-3. Surgi- I 


Secondary generalized peritonitis is the predominant form 
of peritonitis in dogs and usually is caused by bacteria. Most 
cases arise through contamination from the gastrointestinal 
tract, often as a result of surgical wound dehiscence (Swann, 
Hughes, 2000). Other causes include gallbladder perfora¬ 
tion, rupture, or necrosis; gastric or intestinal foreign bodies; 
intussusception; mesenteric avulsion; gastric dilatation- 
volvulus; necrotizing cholecystitis; pancreatic abscessation; 
prostatic abscesses; or foreign body penetration of the body 
wall. Primary generalized peritonitis occurs in cats and is as¬ 
sociated with feline infectious peritonitis. 


DIAGNOSIS 

Clinical Presentation 

Signal merit, Any age, gender, or breed of dog or cat may 

develop peritonitis. It is particularly common in young 

mals that have perforating foreign bodies and in those that 

suffer abdominal injury, such as vehicular trauma or bite 
wounds. 

History* The history often is nonspecific. The animal 
may not show signs of illness for several days after the trau¬ 
matic episode. Mesenteric avulsions often do not cause clin¬ 
ical signs of peritonitis for 5 to 7 days after the injury Ani¬ 
mals with traumatic bile peritonitis may be asymptomatic 
for several weeks after the injury. Most animals are presented 
lor treatment of lethargy, anorexia, vomiting, diarrhea, 
and/or abdominal pain. 


ani- 


NOTE * Be sure to evaluate any sick intact female 
dog For pyometra. 


Physical Examination Findings 


Abdominal palpation usually causes pain in affected animals, 
rhe pa in may be 1 oca] i zed, b u l ge n er al ized pain i s m o re co m - 
iron, and the animal often lenses or '"splints” the abdomen 
during palpation. Vomiting and diarrhea may be noted. Ab¬ 
dominal distension may be noted if sufficient fluid has accu¬ 
mulated. Pale mucous membranes, prolonged capillary refill 


times, and tachycardia may indicate that the animal is in 


shock. Dehydration and arrhythmias may also occur. 


TABLE 203 


Radiography and Ultrasonography 

The classic radiographic finding in animals with peritoni¬ 
tis is loss of abdominal detail with a focal or generalized 
ground glass’ 1 appearance. The intestinal tract may be di¬ 
lated with air or fluid or both. Free air in the abdomen 
may be noted with rupture of a hollow organ; it also some¬ 
times occurs without gut 

producing anaerobes. A more localized peritonitis may oc¬ 
cur secondary to pancreatitis and can cause the duodenum 
to appear fixed and elevated. Ultrasonography is useful for 
localizing fluid accumulation and helping to determine 
the etiology. 


Estimating the Amount of Blood in Abdominal Fluid 

The amount of blood in the abdominal cavity can be esti¬ 
mated using the following formula; 

L x V 


X 


P 


1 


where: 


Amount of blood in the abdominal cavity 
Packed cell volume (PCV) of the returned lavage ficic 
V - Volume of lavage fluid infused into the abdominal 

cavity 

PCV of the 

sion of fluii 


X 


a result of gas- 


rupture as 


P 


eripherol blood before intravenous inb 


K 
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cal intervention is indicated when the packed cell volume 
(PCV) of lavage samples taken within 5 to 20 minutes of 
each other increases substantially or if an animal in shock 
does not respond to aggressive fluid therapy. 


generation cephalosporin, such as cefoxitin sodium (see 
Table 20-6), may also be used if gram-negative plus anaero¬ 
bic infection is suspected. If renal compromise is present in 
an animal with a resistant bacterial infection, imipenem may 
be considered (see fable 20-6). The initial antibiotic therapy 
should be altered according to the aerobic and anaerobic 
culture results of lavage fluid or cultures obtained at surgery. 

Low-dose heparin (Table 20-7) increases survival and sig¬ 
nificantly reduces abscess formation in experimental peri- 


il 


it 


l- 


DIFFERENT1AL DIAGNOSIS 




Advanced peritonitis with significant accumulation of ab¬ 
dominal fluid is not difficult to diagnose. The difficulty usu¬ 
ally arises in determining the etiology of the effusion or in¬ 
fection. Early peritonitis, before the onset of overt clinical 


is 


tonitis. The inflammatory process in peritonitis is associated 


f- 


di 


signs, is difficult to diagnose and may require diagnostic 


with an outpouring of fibrous exudate that causes intraab 


peritoneal lavage (see p. 272). 


dominal loculation of bacteria. The locuiated bacteria are 


ry 


:h 


protected from host defense mechanisms and antibiotics 


MEDICAL MANAGEMENT 


that may not be able to penetrate the fibrin dots. Although 


c- 


l he goals of management of animals with peritonitis are to 


the exact mechanism of its beneficial effect is still unknown 


n- 


treai the cause of the contamination, resolve the infection, 


there appears to be lit lie doubt that heparin is indicated in 


:lc 


lal 


and restore normal fluid and electrolyte balances. Food 


patients with severe peritonitis. Heparin may also be incu- 


by 


should be withheld if the animal is vomiting. Intravenous 


hated with plasma and given to animals with disseminated 


) 


fluid replacement therapy should be initiated as soon i 


i n t ravasc u I a r co agu la t i o n (D IQ (see 7 able 20-7) 


as pos¬ 


sible, particularly if the ani 


mal is dehydrated or appears to 


n- 


tis 


be in shock (in dogs, 60 to 90 ml/kg/hour; in cats, 40 to 60 


TABLE 20-5 


ml/kg,'hour). Synthetic colloids such as he last arch and dex 


jc- 


ran 70 (see p. 21) may be beneficial, particularly if vasculi 


in. 


Sodium Bicarbonate Therapy 


tis is present. Hypokalemia (Table 20-4) and hyponatremia 


re¬ 


nal 


may be present and require intravenous supplementation. 


1-2 mEo 

based 


given intravenously; repeat only if indicated 
assessment of odd-base balance and potas- 


Hypoglycemia is common if the animal has septic shock 




on 


slum concentration. 


(systemic inflammatory response syndrome), and glucose 


The following formula can also be used: 

0.3 X Base deficit (mEq) X Body weight (kg) 

Give half of this dose intravenously over 1 0 to 1 5 minutes 
and reevaluate. If the remainder is needed, administer 


may need to be added to the fluids (i.e., 2.5% to 5% dex- 


Tl- 


irok 1 ). Standard shock therapy should be initiated (i.e., fluid 


m- 


replacement and antibiotics, with or without soluble corti- 


ra- 


rial 


over 4 to 6 hours. 


costeroids). If severe metabolic acidosis is present, bicarbon 


ate therapy may be indicated (Table 20-5) 


ab- 


Broad’spectrum antibiotic therapy should be initiated as 


soon as the diagnosis is made. Escherichia colt, Clostridium 


age 


TABLE 20-6 


ells 


5pp. s and Fjneracoccus spp 


commonly isolated from ani- 


. are 


mals with peritonitis, and ampicillin plus enrofloxacin 


Antibiotic Therapy in Animals with Peritonitis 


■ Table 20-6) typically is an effective antimicrobial combina¬ 


tion, However, amikacin sulfate plus clindamycin 


Ampicillin 


or 


amikacin sulfate plus metronidazole (see Table 20-6) may 


age 


22 mg/kg IV, fid or qid 


be necessary for some anaerobic infections. A second 


can 


Enrofloxacin (Baytril) 


rgi- 


10-15 mg/kg IV, sid 


| TABLE 20-4 


Amikacin (Amiglyde-V) 


30 mg/kg IV, sid 


Intravenous Potassium Supplementation Guidelines 


Clindamycin (Antirobe) 


MAXIMAL 


1 1 mg/kg IV, fid 


SERUM 


mEq 


INFUSION 


Metronidazole (Flagyl) 


POTASSIUM* 


KCI/L 


RATEf 


mEq/L 


ml/kg/HOUR) 


OF FLUID 


10 mg/kg IV, fid 


Cefoxitin (Mefaxin) 


< 2.0 


80 


6 


2.1-2.5 


30 mg/kg IV, qid 


60 


8 


2.6-3,0 


40 


12 


Imipenem (Primaxin) 


3.1-3.5 


28 


16 


3-10 mg/kg IM, slow IV, tid 


qid 


or 


7f serum potassium is not available, add potassium to 


tota j 


con- 


canlrolion oF 20 mEq/L 


W f Intravenous; tid, three times □ day; qid, Four times a day; bid, 


not exceed 0,5 mEq/kg/hour 


twice a day; sid, once a day. 
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Although the practice of lavagmg the abdominal cavity of 
animals with peritonitis is controversial, lavage generally is 
indicated with diffuse peritonitis. Lavage should be done 
with care in animals with localized peritonitis to avoid dis¬ 
semination of infection. When lavage is performed, as much 
of the fluid as possible should be removed, because fluid in¬ 
hibits the body's ability to fight off infection, probably by in¬ 
neutrophil function. Historically, many different 
agents have been added to lavage fluids, especially antiseptics 
and antibiotics. Povidone-iodine is the most widely added 
antiseptic; however, its use may be contraindicated with 
tablished peritonitis. Furthermore, no beneficial effect of 

has been shown in repeated experimental and 
clinical trials in animals. Although a great many antibiotics 
have been added to lavage fluids over the years, there is no 
substantial evidence that their addition is of any benefit to 
patients who are being treated with appropriate systemic an¬ 
tibiotics. Warmed sterile physiologic saline is the most ap¬ 
propriate 

Open abdominal drainage (GAD) is a useful technique 
for managing animals with peritonitis. Reported advantages 
include improvement in the patients metabolic condition 

secondary to improved drainage, less formation of abdomi¬ 
nal adhesions and abscesses, and access for repeated inspec- 

exploration of the abdomen. With this technique 
the abdomen is left open, and sterile wraps are placed 
around the wound. The frequency of wrap changes depends 
on the amount of fluid drained and the amount of external 
soiling. Complications of open abdominal drainage include 
persistent fluid loss, hypoalbuminemia, weight loss, adhe¬ 
sion of abdominal viscera to the bandage, and contamina¬ 
tion ot the peritoneal cavity with cutaneous organisms. 

Preoperative Management 

Animals with peritonitis that are in shock should be stabi¬ 
lized before surgery. F re operative management of peritonitis 
is similar to that described in the previous discussion at 
medical management. The nutritional management of ani¬ 
mals with peritonitis is extremely important; if the patient j* 
debilitated, vomiting, or unlikely to resume eating for several 
days after surgery, enteral or parenteral hyperalimentation 
should be considered (see Chapter 11), 

Anesthesia I 

Animals with peritonitis often are endotoxic or hypotensive ] 
or both. Small amounts of endotoxins are normally ab¬ 
sorbed from the intestine and transported via the portal sy 

I i 

tem to the liver, where they are removed and destroyed by 
hepatocytes. Hypotension in dogs is associated with inkm 
portal vasoconstriction. This vasoconstriction causes break- I 
down of the intestinal mucosal barrier, allowing ran re endn 
toxin to be absorbed from the intestines. If hepatic function I 
is impaired, a common condition in septic animals, ismaj I 
doses of endotoxin that normally would be harmless may be 
lethal. For these reasons, hypotension should be corrected I 
before and prevented during and after surgery in animals j 
w r ith peritonitis. Animals with a total protein level under j 


TABLE 207 


Adjunctive Therapy in Dogs with Peritonitis 


Heparin 


50-100 U/kg, SC, bid 


Heparin-Activated Plasma 


Place the first heparin dose (50-200 LJ/kg) in the plasma 
and incubate for 30 minutes before administration. 

When antithrombin III (AT 


60%, 

continue heparin 5C. IF additional plasma is needed 
incubation with heparin should not be necessary. 


are a 


L l S- 


5Q Subcutaneous; bid, twice a day. 


SURGICAL TREATMENT 


Abdominocentesis (see below) is the percutaneous removal 
of fluid from the abdominal cavity, usually for diagnostic 
purposes, although it may occasionally be therapeutic. Indi¬ 
cations include shock without apparent cause, undiagnosed 
disease with signs involving ihe abdominal cavity, suspicion 
of postoperative gastrointestinal dehiscence, blunt or pene¬ 
trating abdominal injuries (i.e., gunshot wounds, dog bites, 
vehicular injury), and undiagnosed abdominal pain. A mul- 
tifenestrated catheter should be used to enhance fluid collec¬ 
tion. Physical and radiographic examinations should 
cede abdominocentesis to rule out instances in which it may 
not be safe and to guide needle placement. Four-quadrant 
paracentesis may be performed if simple abdominocentesis 
is not successful in retrieving fluid. It is similar to simple at> 
dominocen tests except that multiple abdominal sites 
sessed by dividing the abdomen into four quadrants through 
the umbilicus and tapping each of these four areas. Diag¬ 
nostic peritoneal lavage should be performed in animals sus¬ 
pected of having peritonitis if the above methods are unsuc¬ 
cessful in obtaining fluid for analysis (see p. 271), 

Exploratory surgery is indicated when the cause of peri¬ 
tonitis cannot be determined or when bowel rupture, intes¬ 
tinal obstruction (e.g., bowel incarceration, neoplasia), or 
mesenteric avulsion is suspected. Serosal patching and plica¬ 
tion redu ce the incidence of intestinal leakage, dehiscence, or 
repeated intussusception (see p. 380), Animals that require 
surgery and that have peritonitis secondary to intestinal 
trauma (disruption of mesenteric blood supply bowel per¬ 
foration, chronic intussusception, foreign body) often are 
hypo pro teinemic. The role that protein levels play in healing 
intestinal incisions is not well understood. However, most 
surgeons are concerned that hypo prof einemk patients may 
not heal as quickly as patients with normal protein levels, de¬ 
spite one study that showed similar complication rates 
among animals with normal protein levels and those that 
were hypopro teinemic and undergoing intestinal surgery 
(Harvey 1990), Most experimental evidence has shown that 
retardation of wound healing is not seen with moderate pro¬ 
tein depletion but only with severe deficiencies (less than 1.5 
to 2 g/dl). 
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ABLE 20-8 


TABLE 209 


Inotropic Support of Hypotensive Animals 


Selected Anesthetic Protocols for Animals with Peritonitis 
that Are Debilitated or in Shock 


Dob uta mine 

2-10 pg/kg/mmute intravenously (IV) 

Dopamine 

210 jLLg/kg/minute IV 


Dogs 

Premedication and Induction 


Oxymorphone (0.1 mg/kg IV) plus diazepam (0.2 mg/kg 
V). Give in incremental dosages and intubate if possi¬ 
ble. If necessary, give efomidate (0.5- 1.5 mg/kg IV). As 

an alternative, if the patient has not been vomiting, use 
mask induction or give thiopental or propofol at re- 


4g/dl or an albumin level under 1.5 g/dl may benefit from 
perioperative colloid administration. Colloids may be given 
preoperatively, intraeperatively, or postoperative^ (or all 
three) for a total dose o! 20 ml/kg/day. If colloids 
during surgery (7 to 10 ml/kg) t acute Intraoperative hy¬ 
potension should be treated with crystalloids* 

Dobufamine or dopamine ( fable 20-8) may be given 
during surgery for inotropic support Do but amine is less ar- 
rhythmogenic and chronotropic than dopamine and is pre¬ 
ferred if the patient is hypotensive and anuric. If the patient 
anuric and norrnotensive, low-dose dopamine (0.5 to 1.5 
gg/kg/minute given intravenously) plus furosemide (0.2 
mg/kg given intravenously) may be preferable* These 

bents should be monitored for arrhythmias or tachycardia* 
Hepatic necrosis occurs during sepsis and reduces liver 
function. The pathogenesis of hepatic 
but the condition may be caused by hypotension and hypoxia. 
Patients with hepatic necrosis may have a diminished ability 
to metabolize drugs, and prolonged duration of action 
tered function of drugs may result. Acepi omazine should not 
he used in animals with peritonitis if severe hepatic dysfunc¬ 
tion is suspected (see p, 451), Diazepam plus an opioid is a 
useful premediomt in patients with hepatic dysfunction ( 
p, 451). Diazepam used alone may disinhibit some behaviors, 
and it should be used with caution in hypoalhuminemic pa¬ 
tients. Most opioids have little or no adverse effect on the liver; 
however, morphine should not be given intravenously to dogs 
with hepatic dysfunction because it may cause hepatic con¬ 
gestion as a result of histamine release and hepatic vein spasm. 
Although some opioid analgesics may have prolonged action 
when hepatic function is reduced, their effects can be antago¬ 
nized. Barbiturates (e.g., thiopental) should be used 
tiously or avoided in patients with significant hepatic dys¬ 
function. Selected anesthetic protocols for use in animals with 
peritonitis are provided in Table 20-9. An anticholinergic may 
be given if the animal is bradycardic (Table 20-10), 

Do mi date should he used with caution in animals with 

remi insufficiency* because 

agent has caused hemolysis in dogs and cats. The benefit of 
cardiovascular stability should be weighed against this risk 
when etomidate is used. The drug should not be used 
i:!uIs with adrena 1 insufficiency (Pab 1 o, Badey, 1 999 ) * 


duced dosages. 


Maintenance 

Isoflurane or sevof 


urane 


are given 


Cats 

Premeditation 


(0.2-0 4 mg/kg SC or 1M) 


or buprenorphine 

(5-15 pg/kg IM) or oxymorphone (0.05 mg/kg 5C 


or 


IM) 


In d action 


is 


Diazepam (0*2 mg/kg IV) followed by etomidate (0,5-1 *5 

mg/kg 3V). As an alternative, if the patient has not 
been vomiting, use mask or chamber induction or give 
thiopental or propofol at reduced dosages. If ketamine 
is not contraindicated, reduced dosages of diazepam 
and ketamine may also be used. 


pa- 


necrosis is uncertain 


Maintenance 


Isoflurane or sevoflurane 

Note: Use etomidate with caution in animals with renal i 


or ai¬ 


m- 


sufficiency [see text). 




/V Intravenous; SC, subcutaneous; IM, intramuscular. 


see 




<•> 


I TABLE 20-10 




1 


At ro pi ne 

0.02-0.04 mg/kg IV, SC, or IM 

Gly copy rro late 

0.005-0.01 1 mg/kg IV, SC, or IM 




1 


l 


CiTU- 


IV, Intravenous; SC, subcutaneous; IM, intramuscular. 


e 


Positioning 

For abdominocentesis and diagnostic lavage, the abdomen 
should be clipped and prepared aseptically. These proce¬ 
dures may be performed with the animal in lateral recum- 
bency or stand i ng. 


y 


a single induction dose of this 


,e 


I- 


n 


m an¬ 


il 


SURGICAL TECHNIQUES 

Abdominocentesis 


JO 


Surgical Anatomy 

She surgical anatomy of the abdominal 


d 


Insert on 18- or 20-gouge, 1 V 2 -inch plastic over-the-needle 

catheter (with added side holes) into the abdominal cavity at 
the most dependent part of the abdomen , Do not attach 


Is 


cavity is described 


on p. 255. 


er 


ci 
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syringe; instead allow the fluid to drip from the needle and 
collect in a sterile tube , If sufficient fluid is obtained, place it 
in a clot tube and an ethylenedi amine tetraocetic acid 
(EDTA) tube , submit samples for aerobic and anaerobic cul¬ 
ture, and make four to six smears for analysis. If fluid is not 
obtained, apply gentle suction using a 3-ml syringe . 


fection is generalized, Remove as much necrotic debris and 
fluid as possible. Close the abdomen routinely or perform 

open abdominal drainage. 

Open Abdominal Drainage 

After completing the abdominal procedure, leave a portion 
of the abdominal incision (usually the most dependent por¬ 
tion) open to drain . Generally; make the opening just large 
enough to allow a gloved hand to be inserted. Close the era ■ 
nial and caudal aspects of the incision with monofilament su¬ 
ture using a continuous suture pattern. Place a sterile la* 
parotomy pad over the opening f then place a sterile wrap 
over the laparotomy pad , Change the wrap at least twice 
daily initially with the animal standing; sedation is seldom 
necessary (use sterile bandage materials and wear sterile 
gloves). The volume of drainage dictates the number of wrap 
changes needed. Break down adhesions to the incision that 
may interfere with drainage. Abdominal lavage may be at¬ 
tempted but is seldom necessary. Place a diaper over the 
wrap to reduce contamination from urine. Assess the fold 
daily for bacterial numbers and cell morphology When the 
bacterial numbers have declined and the neutrophil mar- 
phology is normal (nondegenerative), close the incision 
(generally in 3 to 5 days), if the opening is small, it may he 
left to heal by second intention* ffl 




It is difficult to puncture bowel by this method, because 
mobile loops of bowel move away from the tip of the needle 
as it strikes them. Perforations created by a needle this size 
usually heal without complications. The major disadvantage 
of needle paracentesis is that it is insensitive to the presence 
of the small volumes of intraperitoneai fluid and thus a neg¬ 
ative result can be meaningless. At least 5 to 6 ml of fluid per 
kilogram of body weight must be present in the abdominal 
cavity of dogs to obtain positive results in most cases using 

this technique. 

Diagnostic Peritoneal Lavage 

Make a 2-cm skin incision just caudal to the umbilicus and 
ligate any bleeders to avoid false positive results. Spread 
loose subcutaneous t is sues and make a small incision in the 
lineo alba , Hold the edges of the incision with forceps while 
the peritoneal lavage catheter (Stylocath) without the trocar 
is inserted into the abdominal cavity (Fig. 20-13), Direct the 
catheter caudally into the pelvis . With the catheter in place, 
apply gentle suction, if blood or fluid cannot be aspirated, 
connect the catheter to a bottle of warm sterile saline and in¬ 
fuse 20 ml/kg of fluid into the abdominal cavity. When the 
calculated volume of fluid has been delivered, roll the patient 
gently from side to side, pioce the bottle on the floar, vent jt, 
and collect the fluid by gravity drainage , Do not be surprised 
if you do not retrieve all of the fluid, particularly in dehy¬ 
drated animals . 


, 


I 
































SUTURE MATERIALS AND SPECIAL 
INSTRUMENTS 


Monofilament synthetic nonabsorbable suture (polypropy¬ 
lene or nylon) or slowly absorbable suture (polydioxanone 
or poiyglyconate) should be used to close the abdomen in 
animals with peritonitis. Braided suture (Dacron, silk, 
braided nylon) or suture that may be rapidly degraded 
(chromic gut) should not be used. 




Exploratory Laparotomy 

Perform a ven fra/ midline incision from the xiphoid process 

to the pubis (see pp. 255 to 257), Obtain a sample of fluid 

for culture and analysis. Explore and inspect the entire ah 
c/omen. Find the source of infection and correct it. Break 
down adhesions that may hinder drainage. Lavage the ab¬ 
domen with copious amounts of warm, sterile saline if the in- 


PO STOPS RATI VE CARE 
AND ASSESSMENT 






Fluid therapy should be continued postoperatively in mos! 
animals with peritonitis and is mandatory in those being 
managed with an open abdomen, Electrolytes, add-base, 
and serum protein should be assessed in the postoperative 
period and corrected as necessary Nasal oxygen may benefit 
septic animals. Ensuring that patients with peritonitis have 
an adequate caloric intake postoperatively often is difficult. 
An animaPs energy requirement is much greater after injury 
or illness than at rest. Generally the formula [30 x Weight 
(kg)] + 70 is used to calculate a resling animals energy re¬ 
quirement. Postoperatively the metabolic rate oi dogs and 
cats increases 25% to 35% over resting levels. With mild 
trauma the increase in the energy requirement is 35% to 
50%; with sepsis 50% to 70% more calories are required 
The factor 1.5 has been used to estimate the energy require¬ 
ment of ill or injured dogs and cats. Meeting these caloric re¬ 
quirements in dogs with intestinal disease is particularly dif¬ 
ficult and may require enteral or parenteral nutrition* 
support (see Chapter 11). If hyp o p ro tein emia becomes se¬ 
vere, plasma transfusions should he considered. 
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FIG 20-13 

Diagnostic peritoneal lovage, 
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Su rge ry of tl\ e Abdom i na l Ca vi ty 


Chapter 20 


Ludwig LL, McLoughlin MA, Graves TK, Crisp MS. Surgi¬ 
cal treatment of bile peritonitis in 24 dogs and 2 cats: a ret¬ 
rospective study (1987 - 1994). Vet Surg 26:90, 

medical records of dogs and cats surgically treated for biliary 

effusions at two university hospitals were reviewed. I he 

trauma and necrotizing chole- 


PROGNOSIS 


The prognosis for animals with generalized peritonitis is 
guarded; however, with proper and aggressive therapy, many 
survive. Some authors have suggested that the mortality rate 

hes 50%. The mortality rates reported in animals 


app roac 

with generalized peritonitis treated with open abdominal 
drainage have varied from 20% to 48%. 


most common causes were 
cystitis. Determination of the bilirubin concentration of the 
abdominal effusion was the only diagnostic test that was 
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of this suture material for fas- 
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Surgery of the Oral Cavity 
and Oropharynx 


electrocardiogram is optional. Animals undergoing maxil- 
lectomy or mandibulectomy and those predisposed to coag¬ 
ulopathies should have the coagulation system checked and 
blood cross-matching done before surgery. Doberman pin¬ 
schers should be evaluated for von Willebrand disease. Skull 
radiographs or CT scans usually can determine the extent of 
the lesion. Thoracic radiographs are indicated to evaluate for 
metastasis, cardiac size, and pulmonary disease. The teeth of 
animals with periodontal disease should be cleaned several 
d ays b eto re rn aj o r re co n st ru c t i ve s u r ge r y to i mp rove tissue 
health and reduce oral bacterial numbers. Nutrition should 
be maintained by tube feeding if necessary (see Chapter 111 
Animals with oronasal fistulae can be fed via feeding tubes to 
reduce the chances of rhinitis and inhalation pneumonia be 
fore surgery. Metabolic abnormalities should be corrected. 
Mature animals should be fasted lor 12 to 18 hours before 
induction of anesthesia (pediatric patients are fasted 4 to S 
hours)* After induction the mouth should be flushed with 
dilute betadine or ch 1 orhexidine solution to reduce bacterial 
numbers. 
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GENERAL PRINCIPLES 
AND TECHNIQUES 
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DEFINITIONS 


i 


Maxillectomy is removal of a portion of the maxilla, and 
mandibulectomy is removal of a portion of the mandible. 
Tonsillectomy is excision of one or both tonsils. Glossec- 
tomy is excision of a portion of the tongue. Cheiloplasty is 
performed to alter the shape of the lip, generally to reduce 
drooling. Mucoceles are subcutaneous collections of saliva 
or mucus (or both)* Ran alas are collections of fluid from the 
mandibular or sublingual salivary glands that occur beneath 
the tongue on either side of the frenulum. 
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ANESTHETIC CONSIDERATIONS 


PREOPERATIVE CONCERNS 


iv, f 

fwic 


An orally placed endotracheal tube can sometimes hinder oral 
cavity and oropharyngeal surgery; when this is a possibility, 
endotracheal intubation can be performed through a pharyn- 
goto my (see p. 282) or tracheotomy incision (see p. 720), It is 
important that the endotracheal tube and its cuff prevent 
blood and fluid from entering the lower airways. One or twe- 
gauze sponges can be placed in the oropharynx around the. 
endotracheal tube to help absorb fluids. Postoperative 
swelling of the oral mucous membranes may obstruct h 
glottis; this can be minimized by pretreatment with corto- 
teroids (e.g., dexamethasone, 1 to 2 mg/kg given subcuta 
neously or intramuscularly before induction of anesthesia or 
intravenously at induction). Most animals with oral tfe: 
are healthy, and numerous anesthetic protocols can be used 
(Table 21-1). Blood or hypertonic saline (or both) should k 
available in the event of severe hemorrhage. Placement ot iw 
cephalic catheters allows simultaneous administration of 
blood and inotropes if necessary. Evaluation of the arterial 
blood pressure during surgery is warranted, and acepjermM 


Surgical diseases of the oral cavity and oropharynx are com¬ 
mon in dogs and cats, they include congenital and trau¬ 
matic abnormalities, foreign bodies, neoplasia, salivary 
gland disease, and dental disease. Patients with oral cavity or 
oropharyngeal disease may have drooling, dysphagia, 
anorexia, bleeding from the mouth, and/or fetid breath. 
Some animals are asymptomatic until the lesions become 

large 

Others are presented for treatment of a mass, oral hemor¬ 
rhage, oral pain, difficulty eating, nasal regurgitation 
chronic rhinitis, or dyspnea, or all of these. They may have a 
history of dental disease, weight loss, or trauma. The diag¬ 
nosis is based on the history, clinical signs, physical exami¬ 
nation, cytologic studies, radiographs, computed tomogra¬ 
phy (CT) scans, magnetic resonance imaging (MRI), or 
biopsy or all of these. 

Before major surgery is performed, a thorough physical 
examination, complete blood cell count (CBC), serum bio¬ 
chemical profile, and urinalysis should be performed; an 
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Chapter21 Sw r gery of the Digestive Sys tem 


SURGICAL ANATOMY 


TABLE 21-1 


The oral cavity is divided into the vestibule and the oral cav¬ 
ity proper. The vestibule is the cavity lying outside the teeth 
and gums but inside the lips and cheeks. The ducts of the 
parotid and zygomatic salivary glands open in the dorsotau- 
dal part of the vestibule. The oral cavity proper is the area 
bounded by the hard palate and 
palate dorsally by the dental arches laterally and rostrally, 
and by the tongue and adjacent mucosa vent rally. The 
tongue is attached to the floor of the oral cavity by the lin¬ 
gual frenulum. The oropharynx extends from the level of the 
palatoglossal arches to the caudal border of the soft palate 
and the base of the epiglottis, ITorsal ly the oropharynx is 
bounded by the soft palate and vent rally by the root of the 
tongue. The palatine tonsils are found in the lateral wall of 

p h a ry nx. 

The blood supply to this region originates from branches 
of the common carotid arteries. The paired major and minor 
palatine arteries are important (Fig. 21-1 ). Two or three ves¬ 
sels emerge from the major palatine foramen at the caudal 
edge of the lourth upper premolar and course rostralJy mid¬ 
way between the midline and the dental arcade. The right 
and left major palatine arteries anastomose caudal to the in¬ 
cisors. The minor palatine arteries enter the palate caudal to 
the last molar and lateral to the major palatine artery, then 
course caudomedially to ramify in the caudal hard palate 
and soft palate, he major blood supply to the mandible Is 
via the mandibular alveolar artery which enters the 
mandibular canal on the medial surface of the mandible (see 
Fig, 21-1), The entry point is where an oblique line connect¬ 
ing the last molar tooth and the angular (muscular) process 
(which is hidden beneath the pterygoid muscle) meet. The 
mandibular alveolar artery ends at the middle menial fora¬ 
men, where it branches to form the caudal, middle, and ros¬ 
tral mental arteries and exits via the mental foramina. The 
mandibular canal also transmits the mandibular vein and 
the mandibular alveolar nerve. 


Selected Anesthetic Protocols for Use in Animals 
with Oral Disease 


Pre medication 


small part of I he soft 


Give atropine (0.02-0.04 mg/kg SC or IM) or glycopyrro- 

late (0.005-0.01 1 mg/kg SC or IM) plus oxymor- 
phone* (0.05-0.1 mg/kg SC or IM) or butorphanol 
(0.2-0.4 mg/kg SC or IM), or buprenorphine (5-15 
gg/kg IM) 


Induction 


Thiopental (10-12 mg/kg IV) or propofol (4-6 mg/kg IV) 
to effect or a combination of diazepam and ketamine 
[diazepam 0.27 mg/kg plus 5,5 mg/kg ketamine IV) 

titrated to effect 


the at a 


Maintenance 

boflurane or halofhane 


*Uls 0.05 mg/kg m cats, 

SC, Subcutaneous; IM, intramuscular; IV, intravenous. 


E 


TABLE 21-2 


Prophylactic ami Therapeutic Antibiotics for Oral Surgery 


1 


Cefazokn (Aneef, Kefrol) 


20 mg/kg IV, bid to tid 


> 


Amoxicillin (A mo xt-Tabs, Amoxi-Drops, Amoxi-Inject} 

22 mg/kg PO, IM or 5C, bid to lid 

Clindamycin (Antirobe) 

11 mg/kg PO, bid 

Metronidazole (Flagyl) 

10 mg/kg PO, tid 


B 


n 


il 


iV, Intravenous; PO, oral; IM, intramuscular; SC, subcutaneous; bid , 
twice a day; tid, three times a day. 


li 


NOTE * Infection is rare and healing is rapid after 
surgery of the oral cavity because this area has 
excellent blood supply 


y r > 


an 


should be avoided. Specific recommendations for anesthetiz¬ 
ing animals with concurrent organ dysfunction (i.e,, hepatic 
failure, renal failure) appear in the chapters discussing general 
techniques for the organ system of concern. 


t- 


is 


SURGICAL TECHNIQUES 


r o 


Atraumatic surgical technique is important for reducing tis¬ 
sue damage and swelling and encouraging rapid healing 
(Table 21-3), Hemorrhage is 
trolled with pressure and vessel ligation. Electrosurgery 
should be used sparingly because excessive use delays heal¬ 
ing and may result in dehiscence. Electrocoagulation should 
be applied only to discrete, isolated areas. The possibility ex¬ 
ists that flammable gases (i,e., oxygen) leaking around the 
endotracheal tube could be ignited when electrosurgery or 
laser surgery is used. 

Tension-free closure is imperative to prevent wound de¬ 
hiscence and a subsequent ore nasal fistula. Flaps created 
during reconstructive procedures should be approximately 


le 


ANTIBIOTICS 


The oral cavity and oropharynx are contaminated (aerobic, 
facultative, and anaerobic bacteria)* but saliva is antimicro¬ 
bial, and the blood supply to this region is excellent. For 
these reasons, infections after oral surgery are rare. One dose 
of a prophylactic antibiotic effective against gram-positive 
aerobes and anaerobes (e.g„ amoxicillin) may be given at 
anesthetic induction (Table 21-2). Therapeutic antibiotics 
xg., cefazolin plus metronidazole, or amoxicillin, or clin¬ 
damycin; fable 2! -2) are indicated in debilitated or im- 
mimosuppressed patients and those with severe periodontal 
disease. 
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le 


s- 


a- 


se 




DC 


vo 


of 


ial 


ne 



















276 PART 


Soft Tissue Surgery 


palatine 


3s, h 








v 


s 






.1 


v 




■■ 


n 


s 


S 


I 


W 






ft 




V' 




i 


I 




N; 


!J 






V 


H 


me 


Mandibular 

foramen 


■*. 


1 7 


0 


o 


foramen 


■x 


tm 




1 | 




■ 










■ > 




» v 










Major 

palatine artery 


’I 


Vl 


II 


! I 


W 


\ ■ 








V 


«l 




0 


Q 


Coronoid 

process 






iS 


Ramus of 
mandible 


Mandibular 
alveolar artery 


Condyloid 

process 




i 


\ 




? I 


\ 


1 i 


h & 


\ 


I 




I 


L 


' i 


I jl 




* l 




1 \ 


i 


I Lt 


1 


A 


J 


' li 


l| 1,1 

r 1 1 |l M | 

^ U n .■ i j \ i 
m ■/ luf ■* 


\ I 


1 


\ I 


i 


r* 




\ 


/ 




I 


\ 


Rostal 

mental 

artery 


s . f 


\ 1 


J 


Middle 

mental 

artery 


Caudal mental artery 


process 


FIG 21-1 

The major blood supply to the maxilla is via 
the mandible via the mandibular alveolar artery. 


the major and minor palatine arteries and to 


polypropylene) minimizes wicking and tissue reaction. A 
temporary acrylic obturator can be cemented or wired to the 
teeth to protect healing tissues in the occasional case in 
which tongue or pharyngeal muscle activity 
down the suture line. 


TABLE 21-3 




Principles of Oral Surgery 


is apt to break 






* Use atraumatic technique 

_] hemorfha 

Avoid tension; ma 
defect. 

Support flaps; do not suture over defects. 

* Use oppositional sutures (eg., simple interrupted 
pie continuous, cruciate, vertical mattress patterns). 


ge using pressure and ligation 
jke flap 


* 


s 2 to 4 mm larger than the 


Biopsy Techniques 


Impression smears or aspirates should be obtained 
lesions before incisional or excisional biopsy. Cytologic stud- 

tentative diagnosis that is helpful in planning 

If the biopsy results do not correlate 




«■ 


i e s may alio w a 
further diagnostics 
with the gross appearance of the mass, a second deeper and 
larger biopsy should be taken. An incisional biopsy usings 
needle or wedge biopsy technique should be performed it 
the definitive diagnosis will change the course of therapy,A 
Tru-Cut or Vim-Silverman needle can be used to obtain 


p 


2 to 4 mm larger than the defect, and major vessels entering 
ihese flaps must be preserved. Tension on these flaps should 
be minimized by adequate mobilization. Flaps should be 
manipulated with skin hooks or stay sutures to minimize 
trauma. Suture lines should be placed over connective tissue 
bone, rather than the defect, to help support mucosal 
flaps. Cleanly incised edges of tissue should be apposed 
with a two-layer closure in an appositional suture pattern 
(simple interrupted, simple continuous, cruciate, or vertical 
mattress patterns). Monofilament suture material (Le„ 4-0 
or 3-0 poliglecaprone 25, polyglyconate, polydioxanone, 






whereas wedge 


small cores from several areas ot the mass 
biopsies should he performed from nonnecrotic areas of (he 
mass when larger pieces of tissue are needed. A loop or na 
die electrode of an electrosurglcal unit is useful in obtaining 
oral biopsies. However, the specimen will be nondiagnostii 
if too much current is applied, especially to 

be preve n te d by kee ping the powt? 
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Chapter 21 Surgery of the Digestive System 


setting on the electro surgical unit as low as possible. Dis¬ 
eased tissue often is friable and difficult to appose with su¬ 
tures after a biopsy; however, pressure over the cut area usu¬ 
ally is sufficient to control hemorrhage. If necessary, silver 
nitrate cautery can be used. An excisional biopsy (e*g., par¬ 
tial maxillectomy, mandibulectomy, tonsillectomy, glossec- 
tomy, o r 1 ip re sec t i o n) s hou 1 d be p er fo r m ed and the area re- 
constructed if the definitive histologic diagnosis will not 
alter the course of therapy. All specimens should be submit¬ 
ted for histologic evaluation. 


NOTE * Avoid areas of superficial 
obtaining biopsies; 

i n stea d * 


necrosis 
sample deeper, viable tissues 


en 


FIG 21-2 

An odontogenic tumor involving the maxillary dental arcade, 
palate, and maxilla. 


Temporary Carotid Artery Ligation 

Some surgeons perform temporary carotid artery occlusion 
before maxillectomy to minimize blood loss. 

h do so, place the animal in dorsal recumbency and pre¬ 
pare foe ventral cervical area for surgery : Expose the tra¬ 
chea through a 5- to 8-cm 

Palpate the carotid pulse and exteriorize the carotid sheath . 
Separate the common carotid artery from the vagosympa¬ 
thetic trunk and internal jugular vein. Temporarily occlude 
the carotid artery with a vascular damp or tie . Repeat the 
procedure on the o 

pose sfcjn wjfo a continuous suture pattern 
foe moxilledomy procedure r After maxillectomy reopen the 

cervical wound and remove the vascular clamps or ties. 
lavage foe area 

muscles, subcutaneous tissue, and skin in separate layers. 


ventral cervical midline incision. 


pposite carotid artery. Temporarily op- 

or staples during 


thoroughly and appose the sternohyoid 


NOTE * Temporary carotid artery ligation may not 
he safe in cats or in severely anemic dogs. Perform 
with caulionl 


. A 


the 


in 


enk 




FIG 21-3 

Areas resected with partial maxillectomy techniques. 

A, Hemimaxiliectomy. B, Rostral hemimaxillectomy. 

C, Premaxi I lectomy (bilateral rostral hemimaxiliectomy). 

D, Central hemimaxiliectomy. E, Caudal hemimaxiliectomy 


Partial Maxillectomy 

Maxillectomy is most often performed to resect an oral neo- 
pLism (Fig. 21-2). Varying amounts of the maxilla and hard 
palate may be excised, depending on the gross 
ographk, CT, or MRI extent of the tumor or lesion. De¬ 
pending on the area being resected, partial maxallectomies 
mavbe classified as hemimaxillectomies (rostral, central, or 

f 

caudal) or premaxillectomies (bilateral rostral) (Figs. 21-3 
and 2M), Hemimaxiliectomy, without a definition of site, 
usualiv refers to removal of one entire maxilla. Partial max- 

■ i ' • ‘ 

ilkctomy is limited by the surgeon's ability to reconstruct the 
orcmasal defect; lesions that cross the mid line of the palate 
are difficult to reconstruct. 






oral 




and radi- 




ung 

date 

a n d 


turn or by taping the mouth open, Place the patient in lat¬ 
eral or dorsal rec 
maxilla. Determine the extent of resection based on the 

of the soft tissue lesion and the radiographic, CT f or 
MRI degree of bony involvement. Generallyexcise the 

of normal soft tissue and 


urn ben cy for lesions caudal to the pre- 


ng a 


>d if 


>y. A 

>tain 

edge 

f t he 




of 1 to 2 


mass 

bone on oil borders. Remove the moss en 

( buccal , gingival, and hard 

d the tissue to be resected. Avoid rectangu - 


a minimum 


making mucosal incisions 
palate) aroun 

lor excision f because the corners are susceptible to dehis- 

Using a periosteal elevator, undermine and reflect 

the gingival and palatal mucosa , 


at e - 

l rung 

lOstic 

nplc. 


Clip and osepf/ ca lly prepare th e m axi I la ry and nasal skin. 
flesh foe moufo with antiseptic solution. Place the patient in 
dorsal recumbency for lesions of the premax;I/a and open 
foe moufo to Its maximum ex fen t by placing a mouth specu- 


cen ce. 
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PART III 


FIG 31-5 

A central hem imaxi llectomy was performed to remove the 
lesion shown in Fig, 21-2 and an additional 1 to 2 
normal tissue. Note that the nasal cavity is exposed. 


FIG 21-4 

Appearance of the ora 
hemimaxillectomy. A buccal 
the defect and secured with apposition sutures. 


I cavity of a dag after a rostral 

flap has been advanced across 


cm of 


osteotome and mallet to cot 


oscillating saw or 
/he maxilla, incisive hone , and/or palate , Resect all premo¬ 
lar and molar teeth for lesions extending to the third premo¬ 
lar because of the outward turn of the dental arch. When 

caudal maxi llectomy, remove a portion of the 


Use an 


an 


performing a 

ygomotic arch and orbit if necessary to obtain dean bor¬ 
ders . Elevate the tissue block and sever any remaining soft 
tissue attachments to complete the resection and expose the 

nasal cavity (Fig, 21-5). Remove involved nasal turbinates 

with rongeurs and hemostats if disease extends into the nasal 
cavity \ Control hemorrhage by ligating identifiable vessels 
and applying pressure to other areas , Isolate and ligate the 
major palatine and infraorbital artery and vein if they are 
Included in the resection site . Use bone wax or electrofulg 
ration to help control bone hemorrhage. Lavage and inspect 
the defect to ensure that all grossly diseased tissue has been 
excised. Close the defect by elevating a buccal mucosal flap 

from the adjacent cheek 
buccal mucosa and submucosa to allow a tension-free ap¬ 
proximation with the gingival and palatal mucosa , Place the 
first layer of simple interrupted sutures in the submucosa with 
the knot directed toward the nasal cavity. Place a second 
layer of interrupted approximating sutures (i,e. 
date, v 

to the palatal and gingival mucosa , 
may be used to close premaxillectomy defects to provide 

both the nasal and oral surfaces. However ■ an ep 


z 


FIG 21-6 


u- 


A buccal mucosal flap was advanced over 
evident in Fig. 21-5 and secured with approximating sutures 


mandible may be excised, depending on the extent oi the to- 

lesion (Fig. 21-7). Depending on the extent of sec¬ 
tion, hem imandibulec torn ies may be classified as rostral, 
rostral-bilateral, central, caudal, or total (Fig, 21-8). These 
techniques may be combined when more extensive resection 
is necessary. After mandibulectomy cbeiloplasty (commie 
plasty) may be performed to minimize excessive dial¬ 
ing and lateral protrusion ol the tongue (Fig, 21-9), It is ac¬ 
complished by removing the mucocutaneous junction otto 
upper and lower lip to the level of the second premolar or 
canine tooth. The commissure is advanced rostrally during 
closure. The upper and lower lip margins are apposed in 

three 1 ayers (ora 1 mucosa, 

skin) (Fig. 21 “10). Opening the mouth fully during thefts 

2 weeks may cause dehiscence. Tension-relieving buttons 
tures or a loose tape muzzle may be used to help prevent h 
During rostral mandibulectomies, redundant skin 

be eliminated by excising and apposing V-shapi 


lip (Fig. 21-6 J, Elevate enough 


or 


mat or 
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/ 
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n 


, simple, cru- 

ertical mattress) to accurately appose buccal mucosa 

A double-flap technique 
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mu- 


Pi 


cosq on 

ithelial surface on the nasal aspect of the flap is not 
sory t because the connective tissue surface of the flap is 

covered with respiratory epithelium within f to 2 weeks, if 
carotid artery occlusion was performed , re/ease /he occlu- 

after the defect has been closed . 
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neces- 
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muscle and connective tissue. cl: 
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Partial Mandibulectomy 

Mandibulectomy is most often performed to resect an oral 
neoplasm. Occasionally mandibular fractures are 
treated by partial mandibulectomy. Varying amounts of 


mu- 


im 


bo 


cosa may 

wedges. The base of the V is along the mucocutaneous futv 


ex 
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tion (see Fig. 21-10). 
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FIG 21-7 


Postoperative 

Note that the tongue is barely apparent despite the short 

mandible 


FIG 21-9 

Postoperative appearance 
which cheiloptasty was not performed. Although the tongue 
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21-12, Bj. Begin en bloc resection by first incising mucosa 
(buccal gingival, and sublingual) around the diseased area 

a periosteal elevator, 
undermine and reflect the gingival mucosa to expose the lat¬ 
eral and ventral aspects of the ramus. Transect or elevate 
and retract muscles (mentalis, orbicularis 
mylohyoideus, genbhyoideus, genioglossu$, massefec dh 
gastricus , temporalis t and pterygoideus) attached to the 
portion of the mandible being resected (Figs. 21-11, B and 

oscillating saw or an osteotome 
and mallet to transect the ramus and separate the symphysis, 

wire to transect the ramus. 


and 21-12 , E ). Elevate enough mucosa and subm ucosa to 
allow a tension-free approximation with the gingival and 
sub/rngua/ mucosa , Place the first layer of simple interrupted 

sutures in the submucoso with the knots buried . Place a sec¬ 
ond layer of interrupted approximating sutures (simple, cru* 
date, or vertical mattress) to accurately appose rfie fepd, 
sublingual, and gingival mucosa. As an alternative, use a 
single-layer, simple continuous or interrupted suture pattern , 








(Figs. 21-1 J, B and 21-12, BJ* Using 






buccinator ; 


¥ 
















21-12, C 


Dj. Use an 


NOTE * If is not necessary to stabilize the remain 
ing mandible after mandibulectomy. 






Gigli w{ 


As an alternative, use a 

Complete a total hemimandibulectomy by incising the joint 
capsule and disarticulating the temporomandibular joint 
(Fig. 21-12, C). Locate the temporomandibular joint by ro¬ 
tating the mandible and palpating the articulation. Ligate or 
cauterize the mandibular artery (see Fig. 21-1 2, DJ* Sever 

any remaining soft tissue attachments to complete the re sec¬ 
tion. Avoid traumatizing the lingua/ frenulum or sublingual 
and mandibular solivary ducts. Contour the osteotomy sites 
with bone rongeurs , removing sharp bone and tapering the 
edges to facilitate closure , Close the defect by e/e voting a 
mucosal flap from the adjacent lip or cheek (Figs. 21-1 1, C 


■■ 


■ 
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Tonsillectomy 

When neoplasia of the palatine tonsils is 
should be biopsied or removed* Squamous cell carcinoma 
and lymphosarcoma are the most common tumors of the 
tonsils* Enlarged tonsils occasionally are removed if they 
contribute to airway obstruction or dysphagia and in case* 
of unresponsive chronic tonsillitis. 
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Administer dexamethasone (1 to 2 m g/b 
induction to minimize postoperative swelling and edem 
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FIG 21-1 1 

Rostral mandibulectomy. A, Position the patient in dorsal recumbency. B, incise the mucosa 
1 to 2 cm from the lesion, exposing the underlying muscles. Elevate the muscles and 
transect the bone. C, Appose the labial and sub ingual mucosa after en bloc excision* 
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FIG 21-12 

Total hemimandibulectomy. A, Position the patient in ventral recumbency. B, Incise the 
mucosa ] to 2 cm from the lesion. Incise the commissure to allow better exposure of the 
caudal mandible. Separate the mandibular sym 
and transect the lateral mandibular muscles an 


nphysis and identify the muscles. C, Dissect 
a expose the temporomandibular joint, 

D, Dissect and transect the medial muscles of the mandible and identify the mandibular 
artery entering the mandibular foramen. Ligate the mandibular vessels, disarticulate, and 
remove the mandible. E, Appose the buccal and sublingual mucosa with approximating 

sutures. 



















282 


Soft Tissue Surgery 




When performing partial glossectomy, resect the diseased 
portion of the tongue and a minimum of 2 cm of normal th- 
after placing o noncrushing clamp across the hose of the 
tongue . Wedge the incision so that slightly more tongue mus¬ 
cle than dorsal or ventral mucosa is excised. Control hemor¬ 
rhage by ligation, pressure , or elecfrosurgery Use th rough - 
and through horizontal mattress sutures as needed to control 
hemorrhage. Appose the epithelial edges with a 
tinuous suture pattern using 3 0 or 4-0 monofilament ab¬ 
sorbable suture (Fig, 21-15). 


Position the animal in ventral recumbency with the maxilla 
suspended from on IV stand or similar device . Open th 
mouth maximally and secure it open with tope or gauze. Lo¬ 
cate the tonsil in the tonsillar fossa or crypt on the dorsolat¬ 
eral wall of the oropharynx just caudal to the palatoglossal 
arch (Fig. 21-13). Retract the edge of the tonsillar crypt cau- 
dodorsally to expose the tonsii Crasp the tonsil at its base 
with an Allis tissue forceps or hemostat and retract it from the 
crypt. Transect the hilar mucosa at the base of the tonsil with 
Metzenbaum scissors or a tonsillectomy snare * Ligate the 
tonsillar artery as it enters the caudal aspect of the tonsii. 
(Some surgeons excise the tonsil using electrosurgery 
laser surgery.) Appose the edges of the tonsillar crypt with a 
s imple con tinuous suture pattern of 3 0 or 
absorbable suture to minimize hemorrhage . 

Glossectomy 

The primary reason for partial tongue amputation is neo¬ 
plasia, which usually occurs on the margin or base of the 
tongue. The most common tongue tumor is squamous 
cell carcinoma (Fig. 21-14); others include malignant 
melanoma, granular cell myeloblastoma, and mast cell tu¬ 
mor Amputation of 40% to 60% of the rostral tongue usu¬ 
ally is well tolerated. Amputation at the base of the tongue 
makes eating and drinking difficult; however, the animal can 

food and water, or chunks of food can be 
tossed to the base of the tongue. Most lacerations ot the 

tongue are amenable to repair with a one-layer or two-layer 
closure rather than amputation. 
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sue 




e eon* 


to adapt better than cats to 


Or 


NOTE * Dogs seem 
tongue amputation. A feeding tube 
until the animal learns to eat after the procedure. 


may be required 
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4-0 monofilament 




Pharyngofomy 

Pharyngotomy is performed to allow endotracheal intuba¬ 
tion or tube feeding. 

Position the patient in right lateral recumbency with the neci 
extended, insert a gloved finger into the mouth and digitally 
identify the larynx and hyoid apparatus. Se/ecf a phoryngo- 
tomy site in the dorsal pharynx caudal to the epi hyoid hone* 
Using the finger or a curved hemostat , tent the appropriate 
pharyngofomy site laterally (Fig, 21-16, A), Incise the skin, 
plafysma muscle, sphincter colli muscle t and pharyngeal mu¬ 
cosa 

placed hemostat and pull the tube into the oral cavity (fig. 


orally 


at this site. Grasp the end of the tube with 


an 


■ ■ 




a 


I 




* 


/ 


■■ 


• f 


P l 


IV 


% 


i i ■ 


■ 


L1 3 


L k L 


1 


1 




% 


ft 


-m 


o 


■ ■ 


J 




\ 


1 1 


t I \ \\ 

Ml 


71 




\T| 1 


V* 1 


i I 


I 




h \ 


■s 


■- 


S' 


% 


1 


■l 






. 1: 


1 


H 




\W 


H 


■v 


l H 


K 


V 


t» 




■V 








fm 


1i 




H 


V 


1 


I 




FIG 21.13 

Tonsillectomy A, The palatine tonsils 

are located in the dorsolateral 
pharynx. B, During tonsi 
evert the tonsil from the crypt, begin 
transection along the base, and 
ligate the tonsillar vessels, C, Close 
the crypt with a simple continuous 
pattern to help control hemorrhage. 
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21’16 1 BJ. Direct the distal end of the tube into the trachea 
the esophagus (Fig. 21-16, C). Secure the tube to the skin. 
After removal of the tube f allow the pharyngotomy site 
heal by second intention. 

Salivary Gland Excision 

The salivary glands most often are removed to treat sali¬ 
vary mucoceles or neoplasia, and the mandibular and sub¬ 
lingual salivary glands are most often removed to treat 

vical, sublingual, and pharyngeal salivary mucoceles. 
Neoplasms (usually adenocarcinomas or carcinomas) oc¬ 
cur most frequently in the parotid and mandibular sali¬ 
vary glands. Salivary gland excision 
to 307, 


NOTE • Be sure to suction the oral cavity and 

oropharynx before extuba tion, extubate with the cuff 

Inflated, and monitor for airway obstruction during 
recovery. 


or 


to 


Oral intake should not be allowed for the first 8 to 12 I 

surgery (except in pediatric patients at risk for I 
hypoglycemia); hydration should be maintained with into I 
venous fluids. Water should be offered after 12 hours and the I 
animal observed for signs of dysphagia, pain, or regurgita- I 
tion. If no serious problems are identified, soft food may II 
be offered between 12 and 24 hours after surgery. Gruel is || 
not necessary and may seep between sutures and inhibit I 
healing. Feeding through a gastrostomy, pharyngostomy or i 
esophagostomy tube occasionally is necessary for animals 
with severe wounds or those unwilling to eat within 3 days j 
after surgery (see Chapter ! 1). Soft food should be ted until I 
the wound has healed, and the animal should be prevented I 
from chewing on sticks, toys, or other hard surfaces. Healing I 
should be evaluated at 3 to 5 days, 2 weeks, and 4 weeks af- || 
surgery. Additional reconstruction may be necessary if 
areas of partial dehiscence do not heal by second intention 
or if an oronasal fistula remains after 4 to 6 weeks. Animals I 
with neoplasia should he evaluated every 3 to 6 months for I 
signs ol tumor recurrence, II 

After maxil 1 ectomy, epistaxis, serous to mucoid nasal I 
discharge, and pain are expected. Crusting of the nares and I 

epiphora may occur when the nasolacrimal duct is trail- II 

sected* Su bcu taneous emphysema occasionally occurs when 
a large portion ot the nasal cavity is exposed. Emphysema, j 
crusting, and nasal discharge are short-term sequelae ihat I 
usually resolve in days to weeks. Cosmesis usually is good, J 
with a slight tacial concavity and lip elevation after lateral | 
maxillectomy. Removal of a canine tooth results in mere 

noticeable concavity. Premaxillectomies involving all md- 

so rs and one or both canine teeth result in ventral drooping 
ol the nose and displacement of the maxillary lip caudal id 
the mandibular canine teeth. Extensive premaxillectomies i 
(caudal to the first premolar) shorten the nose and may re- 




hours after 


eer- 


is described on pp. 305 


HEALING OF THE ORAL CAVITY 
AND OROPHARYNX 


The oral cavity and oropharyngeal mucosae heal more rap 
idly than skin because phagocytic activity (primarily mono 

cytes rather than polymorphonuclear leukocytes) and 
ithdiaiization are more extensive and 


e P~ 


occur earlier in 
mucosa. An excellent mucosal blood supply, warmer tem¬ 
peratures, higher metabolic activity, and a higher mitotic 
rate contribute to rapid healing of mucosa. Apposed wounds 

reepithelialize within a few days, and defects heal by second 
intention. 


ter 




SUTURE MATERIALS AND SPECIAL 

INSTRUMENTS 


Special instruments that may facilitate surgical procedures 
of the oral cavity include periosteal elevators, an oscillat- 
ing saw or osteotome and mallet, Gigli wire, rongeurs or 

bone cutters, vascular bulldog clamps, vascular ties, tissue 
hooks, Metzenbaum scissors, 

intestinal forceps), and Penrose drains. Although many su¬ 
ture materials may be used in the oral cavity and orophar¬ 
ynx, 3-0 or 4-0 polydioxanone, polyglyconate, or poligle- 

caprone 25 (monofilament absorbable) and 3-0 or 4-0 
polypropylene or 
are preferred. 


noncrushing clamps (Doyen 


nylon (monofilament nonabsorbable) 


POSTOPERATIVE CARE 
AND ASSESSMENT 


After oral surgery gauze sponges should be removed from 
the caudal pharynx, and the nasopharynx should be 
suctioned. Extuba tion should be delayed until a well- 
developed swallowing reflex is present. For recovery pa¬ 
tients should be in a slightly head down position, and the 

tube should be removed with the cuff slightly inflated to 
help ensure that blood dots 


TABLE 21-4 


Postoperative Analgesics after Oral Surgery 


Oxymorphone (No m orphan) 

0.05-0.1 mg/kg IV or 3M every 4 hours (as needed) 

Butorphonol (Torbutol, Torbugesk} 

0-2-0.4 mg/kg IV, !M, or SC every 2 to 4 hours (as 
needed) 

Buprenorphine (Buprenex) 

5-15 fxg/kg JV, fM every 6 hours (as needed) 


are expelled through the 
mouth rather being aspirated or swallowed. These patients 

should be monitored for signs of airway obstruction 

pain, and analgesics should be provided as needed (Table 
21-4). Elizabethan collars or 


or 


t 


similar restraining devices 
should be used on some animals to prevent disruption of 

the surgical site. Occasionally an acrylic oral splint is used 
to protect the surgical site. 


b 


tV f Intravenous; (M r intramuscular; SC, subcutaneous 
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suit in an obvious prognathic appearance (protrusion of the 
lower j aw) * 


Salisbury SK: Problems and complications associated with niaxil- 
tectomy, mandibulectomy and oronasal fistula repair, Probl Vet 


Med (Head Neck Sitrg} 3:53, 1991. 


NOTE • Dogs do better after hemimandibulec- 

lomies than do cats. Warn owners that some cats re¬ 
fuse to eat after this procedure and may require 
feeding tube. 


SPECIFIC DISEASES 




a 


CONGENITAL ORONASAL FISTULA 
(CLEFT PALATE) 


Cosmesis and function after partial mandibulectomy 
good (see Fig. 21-7), Mandibular “drift” and instability 
more often when the osteotomy is caudal to the second pre- 
molar. The remaining hemimandible may deviate medially, 
resulting in malocclusion, clicking of the teeth, and/or 
trauma to the palatal or gingival 


o cc u r 


DEFINITIONS 


A congenital oronasal fistula is an abnormal communica¬ 
tion between the oral and nasal cavities involving the soft 
palate, hard palate, premaxilla, and/or lip. The primary 
palate consists of the lip and premaxilla. Incomplete closure 
of the primary palate is a primary cleft or cleft lip (harelip). 
The secondary palate consists of the hard and soft palates. 

Incomplete closure of either of these structures is a second¬ 
ary cleft or cleft palate. 


s 


t 


mucosa. Most animals 
adapt, and serious problems seldom occur. If erosion or ul¬ 
ceration develops, the involved canine tooth may be pulled 
shortened. Rostral mandibulectomy (bilateral) caudal to the 
third or fourth premolar may cause difficulty with prehen¬ 
sion and is less cosmetic. Tongue protrusion may occur, but 
most patients are able to keep the tongue retracted. Cheilo- 
P asty may decrease drooling and lateral tongue protrusion in 
animals after partial mandibulectomies or maxillectomies. 


r 


or 


s 


LI 


d 


g 


SYNONYMS 


if 


Cleft palate, secondary cleft , cleft lip , harelip, primary cleft , 
cheiloa Iveo l osch is is, lateral deft of the soft palate 


COMPLICATIONS 


Is 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Minor swelling of the skin and mucous membranes should 
be expected after partial maxillectomy or mandibulectomy 
but should resolve within 2 to 3 days. Infection is 
complication because the oral cavity is contaminated. How- 
ever, infection is rarely seen if the blood supply is main¬ 
tained and good surgical technique 

ana 1 may occur 3 to 5 days after surgery if tissue is severely 
traumatized) blood supply is inadequate 

' i on or tensio n a ffect s a ny a rea of th e re pa i r. Th e m o s t 

mon postoperative complication after tonsillectomy is hem - 

■rrhage. Regrowth ot tonsillar tissue may occur if excision is 

incomplete. After pharyngotomy complications of airway 

obstruction and aspiration pneumonia may he seen if the 

pharyngostomy tube is located cranial or ventral to the epT 
hyoid bon e. 


>r 


al 


a possible 


id 


Congenital palatal defects result when the two palatine 
shelves fail to fuse during fetal development (Fig, 21-17), 
The most critical time for development and closure of the fe¬ 
tal palate appears to be 25 to 28 days of gestation in dogs. In¬ 
complete closure of either the primary or secondary palate is 
attributed to inherited (recessive or irregular dominant, 
polygenic traits), nutritional (inadequate folic add), hor¬ 
monal (steroids), mechanical (in utero trauma), and toxic 
(including viral) factors. Primary cleft palate alone is rare; 
however, secondary cleft palate may occur alone or in com¬ 
bination with primary clefts. Some affected neonates 


El¬ 


is used. Partial dehis- 


:n 


■a, 


at 


, or excessive mo- 


d. 


co ru¬ 


ral 


ci- 


ng 


are 


ics 


re- 


SPECIAL AGE CONSIDERATIONS 


Pediatric patients with congenital cleft palate should be fed 
with a tube until they are 

safety anesthetized. Pediatric patients 
hypothermia and hypoglycemia, therefore they should not 
i\- fasted tor more than 4 to 8 hours. Neoplasia is more com¬ 
mon in geriatric patients; before surgery they should be 
thoroughly evaluated for concurrent disease and evidence of 
metastasis 


8 to 12 weeks old and may be more 

are at higher risk of 


Suggested reading 

urpcnier LG et a!: Squamous cell carcinoma of the tongue in If) 

/ Am Amm Hasp Assoc 29:17,1993. 
i-F ct al: Owner satisfaction with partial mandibulectomy 
maxillectomy for treatment of oral tumors in 27 dogs, / Am 
Amm Hotp Assoc 33:25,1997, 


or 


FIG 21-17 

A puppy with a cleft extending through the primary and 
secondary polate. 
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unable to nurse effectively and die soon after birth. Others 
contaminate their nasal cavity with saliva and foot! Signs of 
rhinitis and other respiratory Infections arc common. 

DIAGNOSIS 

Clinical Presentation 

Signalment, Dogs, particularly brachycephalic breeds, 
are more commonly affected with cleft palate than cats. 
Purebred dogs have a higher incidence than mixed breeds. 
Breeds at high risk for cleft palate include Boston terriers, 
Pekingese, bulldogs, miniature schnauzers, beagles, cocker 
spaniels, and dachshunds. Siamese cats have a higher inci¬ 
dence than other cat breeds. Females are more commonly af¬ 
fected than males. The cleft is present at birth, although it is 
not always recognized immediately. 

History, A history of difficulty nursing, nasal regurgita¬ 
tion, nasal discharge, and failure to thrive are common prob¬ 
lems. Signs related to incomplete separation of the oral and 
nasal cavity include drainage of milk from the nares during 
or after nursing; gagging, coughing, or sneezing (or all three) 
while eating; poor growth; and respiratory infection (be., 
rhinitis, aspiration pneumonia). 

Physical Examination Findings 

All puppies and kittens should be checked on initial presen¬ 
tation for evidence of a cleft palate. Diagnosis of congenital 
oronasal fistula is made by visual examination. Incomplete 
closure of the lip is easily recognized when the patient is first 
exa m i ned; h o we ve r, a th o ro u gh o ral exam ina t io n is req u i re d 
to identify incomplete closure of the premaxilla, hard palate, 
or soft palate. Anesthesia may be necessary to thoroughly as¬ 
sess the soft palate. A secondary cleft may occur without a 
primary cleft. Patients may be thin and stunted. Abnormal 
respiratory sounds are auscultated if aspiration pneumonia 
is present. 


TABLE 21-5 


Antibiotic Treatment of Aspiration Pneumonia 


Chloramphenicol (Chloromycetin) 


Dogs: 50 mg/kg PO, tid to qid 


Cats: 50 mg/kg PO, bid 


Tri methop rim - s u Ifadiaii n e (T ribri $ sen) 


Dags: 15 mg/kg PO or IM, bid 


Cats: 15 mg/kg PO, bid 


Ampicillm 


22 mg/kg PO, IV, IM, or SC, tid to qid 


Clindamycin (Antirobe, Cleocin) 


PO, Oral; tid, three times 


day; qid, four times a day; IM, intra¬ 


muscular; IV, intravenous; SC, subcutaneous, 


pneumonia until they are old enough for surgery. Aspiration 
pneumonia may be treated with antibiotics, fluids, oxygen, 
bronchodilators, and/or expectorants. Use of corticosteroids is 
controversial for acute aspiration and of no benefit for chronic 
aspiration. A tracheal wash with culture anti sensitivity' testing 
should be performed if aspiration pneumonia is severe. Broad- 
spectrum antibiotics with efficacy against anaerobes (Table 
21-5} are indicated for severe aspiration or purulent rhinfe 
Animals with severe rhinitis may benefit from having the nasal 
infection treated before surgical closure of the defect. With the 
animal under general anesthesia, cultures should be obtained 
from the nasal cavity, and the nose and oral cavity should be 
flushed of debris and exudate. To prevent recontamination of 
the nasal cavity with food, the animal should be given notfcri; 
by mouth for 10 to 14 days. Nutrition can be provided via tube 
feeding (e.g., esophagostomy or gastrostomy tube; see pp. 75 
and 78, respectively) during this time. 


NOTE * Be sure to thoroughly evaluate affected 
neonates for concurrent congenital anomalies. 


SURGICAL TREATMENT 


Most animals with defects of the primary and secondary 

palate are euthanized or die. Surgical treatment generally is 
delayed until the patient is at least 8 to 12 weeks of age toil- 
low growth and easier access to the palate. Older patients 
seem to have less friable tissue that holds suture better, 
Palatoplasty performed before 16 weeks of age may binder 
maxillofacial growth and development. Although rare, a nar¬ 
rower maxilla and occlusal problems may result. The pri¬ 
mary goal of repairing a cleft palate is to reconstruct the 
nasal floor. Several procedures may be necessary before the 
entire cleft is permanently reconstructed. Affected patients 
should be neutered, because this is considered to be a hered¬ 
itary defect. 


Radiography and Ultrasonography 

Radiographic examination of the skull is not necessary; 
however, thoracic radiographs are useful in evaluating for 
aspiration pneumonia. 

Laboratory Findings 

Laboratory abnormalities are not present unless the animal 
has aspiration pneumonia or is cachectic. 




DIFFERENTIAL DIAGNOSIS 


Traumatic or acquired clefts, rhinitis, nasal foreign body, and 
aspiration pneumonia are potential differential or concur¬ 
rent diagnoses. 


( 


t 


Preoperative Management 

Pediatric patients should not be fasted longer than 4 to 8 
hours. After induction of anesthesia, oral intubation, and 
cuff inflation, the nasal and oral cavities should be flushed 


r 


MEDICAL MANAGEMENT 


Affected patients should be tube fed to maintain an adequate 
nutritional status and to reduce the incidence of aspiration 
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Incise me morg ins of the defect and make bilateral releasing 
i* ncisbn $ alo ng the margi ns of the den to I arcade (Fig. 21-18, 
A). Elevate the mucoperiosteal layer on both sides of the de¬ 
fect with a periostea/ elevator (Fig. 21-18 , &). Avoid damag¬ 
ing the major palatine arteries. Control hemorrhage with 
pressure and suction. Appose the nasal mucosal edges 
riosteurn at the margin of the defect with buried interrupted 
sutures (knots within the nasal cavity) if possible. Slide the el¬ 
evated mucoperiosteal flops across the defect and appose 

with simple interrupted sutures (Fig. 21-18, C and 0). Allow 
the denuded hard palate near the dental arcades to heal by 
second intention. A variationof th is technique i n wh ich 
tial thickness rather than a full thickness incision of the 
coperbsfeum is made without exposure of the palatal bone 
may reduce maxillofacial deformity (Leensfra et al, 1 995j. 


with saline and a dilute antiseptic solution. If the animal is 
not already taking antibiotics, perioperative antibiotics may 
be given intravenously at anesthesia induction. Poorly nour¬ 
ished animals should be fed through a gastrostomy or 
esophagus to my tube for several days before surgery. 

Anesthesia 

After 8 weeks of age puppies and kittens are better able to 
metabolize drugs and are better anesthetic risks. Special pre¬ 
cautions should be taken to prevent hypothermia and hypo¬ 
glycemia in young patients. Intubation through a pharyngo- 
tomy (see p, 282) or tracheotomy incision (see p. 720) may 
facilitate repair of secondary clefts. Pharyngotomy generally 

is preferred if it allows adequate visualization of the defect. 
General anesthetic recommendations for animals undergo¬ 
ing oral surgery are provided on p. 274, Guarded tra¬ 
cheostomy tubes should be used to prevent kinking during 
the procedure. Care should be taken to prevent and recog¬ 
nize dislodgment of the anesthetic tubing from the endotra¬ 
cheal tube during oral manipulations. 

Surgical Anatomy 

The major palatine arteries emerge from the major palatine 
foramen midway between the midline and caudal edge of 
the upper fourth premolar (see Fig. 21-1), The main artery 
courses rostrally equidistant between the lingual border of 
the teeth and the palatal midline to anastomose with the ma¬ 
jor palatine artery of the contralateral side caudal to the in- 
dsors. The minor palatine arteries enter the palate at the 
level of the last molar, caudal and slightly lateral to the 
jor palatine foramen* The minor palatine arteries course 
c audo medi ally and ra ni i fy in the ca udal h a rc! p a late a n d so ft 
palate. The soft palate is also supplied by branches of the as¬ 
cending pharyngeal artery. 

Positioning 

To facilitate repair of a secondary palate defect, the animal 
should be positioned in dorsal recumbency with the mouth 
maximally opened. Ventral or dorsal recumbency may be 
used for a primary palate repair. 




or pe- 


mu~ 


An alternate technique for repair of hard palate defects 
is the overlapping “sandwich” technique (Figs. 21-19 and 
21-20). This technique is advantageous because it does not 
place the repair over the palate defect. 

Incise one margin of the defect separating the oral and 

nasal mucosa (see Fig . 21 -20, A). Elevate the mucoperbs- 
teum at this edge approximately 5 mm. At the opposite side 
of the defect create a mucoperiosteal rotational flap large 
enough to cover the defect with its base hinged at the margin 

of the palatal defect (see Fig. 21-20 , BJ. Beg in the incision 
near and parallel to the dental arcade, creating a flap 2 to 4 
mm larger than the defect. Make perpendicular incisions at 
the rostral and caudal end of the incision extending to the 
deft. Elevate this mucoperiosteal flap , taking care not to dis¬ 
rupt the margin of the defect (see Fig. 21-20 , B/, Dissect care¬ 
fully around the palatine artery to re/ease it from fibrous tis¬ 
sue. Rotate the flap across the defect (see Fig . 21-20, Cj. Place 

th e edge of the flap under the m ucoperios teal flap on the op - 
posite side. Preplace and then tie a series of horizontal mat¬ 
tress sutures to secure the flaps in position (see Fig . 21-20, D j. 
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NOTE ■ Warn owners that several operations may 
be needed to completely close large hard palate 

defects. 
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SURGICAL TECHNIOUES 


al¬ 


ike first step in the repair of combined primary and sec¬ 
ondary clefts is to separate the oral and nasal cavities by 
constructing the nasal floor. After separation the lip defect is 
reconstructed. Areas where flaps were harvested for closure 
of primary or secondary clefts are allowed to heal by second 
intention. Granulation and epithelialization usually are 
complete within 2 to 3 weeks. 


Closure of Soft Palate Defects 

tease the margins of the cleft to separate the oral and nasal 
mucosae. Continue incisions made in the margins of hard 

pa la te clefts ca udal ly i n to th e so ft pa la te (see Fig . 21- 20, D j . 

Isolate the nasal mucosa, palatal muscles , and oral mucosa , 
Appose the palatal edges in three layers beginning caudally 
and working rostral Iy to a point adjacent to the coudal or 
midpoint of the tonsil. First appose the nasal mucosa using 
series of simple interrupted sutures with nasa//y oriented 
knots or use a simple continuous pattern. Then appose 

a simple 
mucosa 

simple continuous or interrupted suture pattern * 
Moke tens ion -relievi ng incisions in the oral mucosa 


re¬ 
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Closure of Hard Palate Defects 

ihe two procedures most often used to repair secondary 
clefts are sliding bi pedicle flaps and overlapping flap tech¬ 
niques. Sliding bipedicle flaps (von Lagenbeck technique) 
an* created to dose hard palate defects. The disadvantage of 
this technique is that the repair is unsupported and directly 

over the defect, 
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the palatal muscle and connective tissue with 
continuous suture pattern. Last, oppose the oral 
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FIG 21-18 


A sliding bipedide flap 
dotted lines represent th 
B 7 The 


repair may be used to repair 


a congenital oronasal fistula. A, The 
mucoperiosteaJ incisions necessary to create two sliding flaps, 
ucoperiosteum is elevated from the hard palate with the major palatine artery, 

C, The nasal mucosa and mucoperiosteum are apposed in two layers over the defect 
hard palate, D, Cross-sectional view of the repair 
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also be used to repair soft palate defects. Some 
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surgeons 

fracture the pterygoid hamulus (where the palatal musdes 


attach) with an osteotome to reduce tension 












* r 


M 






palate. 






, f 


h 


r j 














-v 






i < -Jr-. 




V 


1 






s 




s 








P . Li 

<. y 






I 






ii 1 




r 














•i 








»* 






Closure of Primary Clefts 
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Cosmetic repair of primary clefts can be very complicated, 
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requiring elaborate planning to achieve a successful outcome 
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L reate a mucosal flap to separate the nasal cavity from fta 

oral cavity (Fig, 21-21, Bfr If the cleft extends into the pre- 
maxilla, evaluate the position of the deciduous incisors o 
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FIG 21-19 


pull them if necessary. Suture the buccal 
cosal flap to the nasal mucosa , Use a freehand modilid 
Z plasty for reconstruction of the lip defect (Fig. 21-21 CJ. 
Close the lip defect so that the distance from the 


gingival rm>, 


The secondary palate of the puppy in Fig. 21-17 was 
repaired with an overlapping flap technique. The defect 

to heal by second intention. 
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nostril to the free ventral edge of the lip is the same on M 

sides, Ala Ice multiple small flaps if necessary for a cosmefc 

closure . Place a layer of sutures tn the fibromusculor layer ; 
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An overlapping flap technique, rotational flaps from the 
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FIG 21-20 

A congenital oronasal fistula may be repaired with an overlappin 
dotted lines represent the incisions necessary to allow soft tissue closure. B, Elevate the 
mucoperiosteal flap and rotate it medially to cover the hard palate defect. C, insert the 
edge of this flap between the hard palate and the mucoperiosteum on the opposite side of 
the defect. Secure the flaps in position with horizontal mattress sutures. D, Complete the 
air by apposing the incised edges of the deft soft palate in three layers. Make lateral 

incisions to reduce tension on the repair. 


flap technique. A 


f 


i the 
pre- 

and 


pai 

lief 


re 




■ 




re 


/ 


* 


hath 
i netic 
layer 







































290 part in 


So ft Tissue Surgery 


FIG 21-21 

A, Schematic drawing of a repair of a primary cleft palate involving the lip, premaxilla, and 
nostril, B, Create a flop from the nasal wall and suture it to a labial mucosal flap to separate 
the nasal cavity from the oral cavity. C, Repair the cleft lip with one or a series of Z plasties: 
(1) Make incisions from A to B and a to c; (2) place a suture between A and a and B and b 
to transpose the Flaps; (3) place additional sutures as needed. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


PROGNOSIS 


The prognosis is good for animals with successful deft palate 
repair; however, several operations may be required. Chronic 
rhinitis and aspiration pneumonia persist if large defects are 
not repaired. Untreated patients with small clefts may have 
few clinical signs. 


S oft foo d sh o uld be fe d for a m i n i m u rn o f 2 we eks a ft er 
gery and chewing on hard objects (e.g., bones, sticks, chew 
toys) should be prevented. Gastrostomy or esophago stomy 
feeding for 7 to 14 days may facilitate healing. Reevaluation 
at 2 weeks may require anesthesia to identify small defects. 


sur- 


Refe fence 


COMPLICATIONS 


Leenstra TS et al: Palatal surgery without denudation of boa 
favours dentoalveolar development in dogs, hit} Oral MaxiHojac 
Surg 24:440, 1995, ■ 


Dehiscence and subsequent incomplete healing of oronasal 
fistulae are the most common complications. Dehiscence 
usually occurs within 3 to 5 days of surgery but may occur 

occur if tension is excessive, 
the tissue is traumatized. Motion of 
the tongue against the repair and particulate matter in the 
surgical site can also lead lo dehiscence. Early dehiscence of 
the lip occurs if the orbicularis oris muscle has not been ap¬ 
posed. Contraction of the unapposed muscle during lip 
movement causes excess tension on the suture line. Tissues 
are friable after dehiscence, therefore repair of early dehis¬ 
cence should be delayed for 4 to 6 weeks to allow tissues to 
revascularize and regain strength. Late dehiscence is a result 

oi growth-induced stress on the repair and is best treated af¬ 
ter the patient matures. 


I 


£ 


later. Early dehiscence may 


Sugges ted r eadi n g 

Ishikawa Y, Cor is RC, Nagaoka K: Use of cortico cancellous bone 
graft in the repair of a cleft palate in a dog, Vet Surg 23:201,1991 

Kirby BM: Oral flaps: principles, problems, and complicationsof 
flaps for reconstruction of the oral cavity, ProbJ Vet Med (Rem- 
str Surg) 2:494, 1990, 

Sager M, Nefen S: Use of buccal mucosal flaps for the correction of 
congenital soft palate defects in three dogs, Vet Surg27:35B, 199&. 

Smith MM, Rockhill AD: Prosthodontic appliance for repair of m 
oronasal fistula in a cat, / Am Vet Med Assoc 208:1410,1996. 

Waldron DR, Martin RA: (’left palate repair, Pmbl Vet Med (Heal 
Neck Surg) 3:142, 1991. ® 
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Chapter 21 


ACQUIRED ORONASAL FISTULAE 


DEFINITION 


Acquired oronasal fistulae are abnormal communications 
between the nasal and oral cavities caused by trauma or 
disease. 


SYNONYMS 


Tmumdrir deft palate, palatal defect 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Acquired palatal defects are most often caused by dental dis¬ 
ease (Fig. 21-22). An oronasal fistula results when a deep 
maxillary periodontal pocket progresses to the apex of the 
tooth, lysing bone between the apex of the alveolus and the 
nasal cavity or maxillary sinus. A fistula 
trauma (ie. 3 bite wounds, gunshot wounds, blunt trauma to 
the head, electrical burns) or may be a complication of sur¬ 
gery (e.g., mass excision or ventral rhinotomy), radiation, or 
hyperthermic treatment of oral lesions. Foreign 
lodged between the dental arcades may cause pressure 
necrosis of the hard palate and subsequent development of 
,j n o ron asa 1 fi stul a (Fig. 23-23). Inge sled foo d that pa sses 
through the fistula into the nasal cavity may be expelled 
from the nostril by sneezing. Chronic rhinitis is common. 


may also result from 


DIAGNOSIS 

Clinical Presentation 

Signalmen!. Any breed or 
oronasal fistula* Oronasal fistulae that occur secondary to 
dental disease or tumors are seen more often in middle-aged 
and older animals. Oronasal fistulae that develop secondary 
to trauma may occur at any age. 

History. An oronasal fistula should be suspected in pa¬ 
tients with chronic rhinitis and a history of dental disease, 
trauma, or previously treated oral tumors. Common clinical 
signs are sneezing and chronic unilateral serous or mucopu¬ 
rulent nasal discharge. 

Physical Examination Findings 

The diagnosis of an oronasal fistula can be made by identi¬ 
fying an abnormal communication between the oral and 

nasal cavities (see Figs, 21-22 and 21-23). Small fistulae as- 
' dated with periodontal disease are not easily identified 
unless the area around the involved tooth is explored with a 
narrow dental probe. If passing the probe into the gingival 
pocket causes epistaxis, a fistula is present. The palatal aspect 

of the maxillary canine tooth is a common site for an 
oronasal fistula. Anesthesia generally is required to probe pe¬ 
riodontal pockets. 

Radiography and Ultrasonography 

Skull radiographs may identify underlying causes of fistulae, 
meb as periapical abscesses, advanced periodontal disease, 


may acquire an 


date 

onic 


FIG 21-23 


An acquired oronasal fistula caused by 
lodged between the dental arcades. 


foreign body that 


? are 
have 


maxillary neoplasia (see p, 297), or broken and retained 
tooth roots* Lysis around tooth roots is indicative of peri¬ 
apical abscesses. 

Laboratory Findings 

Inflammatory changes on a complete blood cell count 
(CBC) may be seen secondary to rhinitis or aspiration pneu¬ 
monia. 


bone 

llofac 


bone 


DIFFERENTIAL DIAGNOSIS 


ms of 


Differential diagnoses include any disease that causes 
chronic rhinitis (e.g., fungal disease, presence of a foreign 
body, congenital oronasal fistula, invasive oral neoplasia)* 
These conditions generally can be differentiated based on 
the physical or histopathologic examination (or both)* 
Histopathologic evaluation should be performed to distin¬ 
guish fistulae that occur secondary to neoplasia from those 
associated with infection or trauma. 
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MEDICAL MANAGEMENT 

Broad-spectrum antibiotics effective against anaerobes 
(Lev, chloramphenicol, trimethoprim-sulfadiazine, 
cillin, clindamycin) should be given if severe purulent 
rhinitis is present (see Table 21-5). Such animals may ben¬ 
efit from having the nasal infection treated before closure 
ot the defect. With the patient under general anesthesia, 
cultures should be obtained from the nasal cavity, and lhe 
nose and oral cavi ty should be flushed of debris and exu¬ 
date. To prevent recontamination of the nasal cavity with 
food, the animal should be given nothing by mouth for 10 
to 14 days. Nutrition can be provided via tube feeding (e.g., 

tube gastrostomy, p. 78, or esophagostomy, p. 75) during 
this time. 


NOTE • Use guarded tracheostomy tubes to pre¬ 
vent kmkmg during oral procedu 


res. 


a m p i - 


Surgical Anatomy 

The surgical anatomy of the hard palate is discussed on p, 275, 

Positioning 

The patient should be positioned in lateral recumbency for 
repair of oronasal fistulae associated with the dental arcade. 
Dorsal recumbency with the mouth opened maximally facil¬ 
itates repair of more centrally Located fistulae involving the 
sec on da r y pa la te. 1 

SURGICAL TECHNIQUES 

Direct Apposition 

Direct apposition of the fistula should be performed only if 
the fistula is very small 

Debride the fistula to healthy, bleeding mucosal edges (Figs. 
21-24 , A and BJ. Incise 
and elevate the edges enough to allow approximation with¬ 
out excess tension. Appose the mucosa with interrupted op* 
positional sutures (i.e., simple, cruciate, or vertical mattress 

pattern) (Fig. 21-24 r C|, I 


SURGICAL TREATMENT 


Most oronasal fistulae require surgical reconstruction, al¬ 
though small or traumatic fistulae occasionally heal sponta¬ 
neously A variety of surgical techniques have been described 
for repair, including simple suturing of the fistula edges, mu¬ 
cosal flaps, mucoperiosteal flaps, double reposition flaps, 
and two-staged tongue flaps. Successful repair of oronasal 
fistulae requires a well-supported, airtight, tension-free clo¬ 
sure. Flap techniques are more successful than direct apposi¬ 
tion of the fistula edges because there is less tension and in¬ 
creased support for the repair. Teeth involved in the fistula 
should be extracted several weeks before reconstruction of 
the defect. Central lesions may require that normal teeth be 
extracted to allow creation of adequate mucosal flaps. If the 
fistula is of dental origin, it may be necessary to perform 
limited maxillectomy (at least 5 mm from each margin) to 
remove necrotic or diseased bone. Traumatic oronasal fistu- 
lac may require stabilization of the maxilla and hard palate 
with small pins or wire. Interdental wiring (see p. 903) using 
the earnassial teeth or the canine teeth (or both} can be used 
to help bring bone edges into apposition. Areas where flaps 
were harvested heal by second intention in 2 to 3 weeks. Use 
ot acrylic, Silastic, or metal obturators fitted over the defect 
has also been described (Smith, Rockhill, 1996). 




debride the margin of the fistula 


or 




Single-Layer Flap Repair 

Debride the epithelial margin of the fistula (Fig, 21*25, Aj 
Incise the gingival and buccal 
4 mm larger than the debrided fistula (Fig, 2h25 t BJ. Mate 

these incisions perpendicular to the dental arcade . Elevate 
the gingival mucosa with a periosteal elevator. Then under 
mine the buccal mucosa 


to outline a flap 2 to 


a 


mucosa 


until the flap can be advanced 
across the defect without tension (Fig, 21-25, C). Using 
rongeur ; remove infected alveolar and maxillary bone . Ex¬ 
pose approximately I to 2 mm of the hard palate at the me¬ 
dial aspect of the fistula by excising / to 2 mm of mucope* 
riosteum . Lavage the surgical site with saline . Suture 
gingival-buccal flap to the mucoperiosteum of the had 
palate in an interrupted approximating pattern (i 


a 


Preoperative Management 

Pediatric patients should not be fasted for longer than 4 to 8 
hours. After anesthetic induction the nasal and oral cavities 
should be flushed with saline-diluted antiseptic solution. 
Aggressive management of rhinitis (see Medical Manage¬ 
ment, above) may reduce infection and improve the tissues’ 
ability to hold suture. 

Anesthesia 

General anesthetic recommendations for animals undergo¬ 
ing oral surgery are provided on p. 274. Intubation through 
a pharyngotomy (see p. 282) or tracheotomy incision (see 
p. 720) may facilitate repair of large or centrally located 
oronasal fistulae. Pharyngotomy generally is preferred if it 
allows adequate visualization of the defect. Care should be 
taken to prevent and recognize dislodgmenf of the anesthetic 
tubing from the endotracheal tube during oral manipulations. 


t.e., simple > 

cruciate , or vertical mattress) using monofilament , oh* 
sorbable (3-0 to 4-0) sutures . 1 


Rotational Flap Repair 

A rotational or advancement flap may be created from the 
hard or soft palate (Fig, 21-25, /> to G), or an overlapping 
technique similar to that described for repair of congenital 
oronasal fistulae may be used (see p. 287). 

Create a flap 2 to 4 mm larger than the debrided fistula, h 
ensure a good blood supply, incorporate the major or minor 
pal at me artery in palatal flaps. Transpose and suture the flap 

the over the defect (see Fig , 21-25 , D to G). 


Granulation tissue Alls the defect over the hard palate, 
and the area reepithelializes within a few weeks. 
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FIG 21-24 

Small fisfulae may be repaired with a direct oppositional technique. A f Incrse the mucosa 
around the fistula. B, Elevate the gingival flaps and debride the edges of the fistula. 

C/ Appose the mucosa over the defect. 
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Double-Flap Repair 

Double-flap techniques may be used with large dental fis¬ 
tulas and fistulae located in more central areas of the 
I palate. Double-flap techniques provide a mucosal surface 

on both the oral and nasal sides of the fistula. If buccal 
flaps are planned to close large central defects, extraction of 
teeth may be necessary. The extraction sites should he al¬ 
lowed to heat before reconstruction. Do not debride the 
palatal epithelial margin during debridement of the fistula, 
because this edge serves as the base of the mu coper i osteal 
flap and must remain continuous with the nasal mucosa to 

be effective. 


tub. Fold the flap over the defect and suture it to the gingt- 

ith interrupted, approximating / monofilament , 
absorbable sutures for the first layer of closure (see Fig . 
2 1 -26). This flap provides * nasal " mucosa. Create a rota¬ 
tional mucopenosteal flap 2 to 4 mm larger than the defect 
for the second layer of closure (see Fig . 21-26). Appose this 
flap to the gingival mucosa with approximating 3-0 to 4-0 

good blood supply incorporate the 


mucosa w 


he 


tal 


■ 


sutures. 

jor palatine artery in palatal flaps , As an alternative, create 
one or two mucopenosteal flops 2 to 4 
defect (see Fig , 21-23 , A }. Transpose and suture the flap in 
place for the first layer of the closure (see Fig , 2 / -28, BJ. This 
flap provides " nasal mucosa. 

cosal flap (gingival and buccal) to provide the ~ f oral mu¬ 
cosa/ layer of the closure (see Figs. 21-28, C and D). A//ow 
th e den uded h a rd pa/a te to h ea I by s econ d in ten tion , 


ma - 


ensure a 


larger than the 


To 


■ mm 


}or 


l 


op 


Cover this layer with 


// 


a mu- 


// 


Create a flop in the mucoperiosteum 2 to 4 mm larger tha 

rfie dehrided fistula (Figs, 21 -26, 21 -27, ancf 21 -28). Ele¬ 
vate file flap without disrupting the palatal margin of the (is- 


n 


ite. 
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FIG 21*26 

A double-layer flap technique may be performed using ti 

mucoperi< 
gingival margins of the 


surrounding the 


m 


a 


a 


ith sutures. Cover this flap with a 


fistula medially and 


wi 


a 


rotationa mucopen 






FIG 21-27 


margins of 


. The 


ayer flap technique 

the fistula have been elevated and rotated medially to cover 

covered with o flap created from 


* 




the defect. This flap was 


a. 
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Double flap 


technique 




Palatal flap 


is rotated 


over fistula 
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Buccal flap 


is elevated 


- Buccal flap 

is advanced over 
palatal flap 


FIG 21 <28 


A double-layer flap technique for fistula 


air may be performed using a mucoperlosteal 
hard palate flap and a buccal flap, A and B, Create a flap from the mucoperiosleum of 
the hard palate- C and D, Cover It with a second flap advanced from the buccal mucosa. 


re 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Dehiscence and recurrence of the oronasal fistula are d 
pected if conditions for healing are not ideal. Motion of the 
tongue against the repair and particulate matter in the stir 
gical site can also lead io dehiscence. Tension, poor blood 
supply, infection, lack of flap support, and traumatic tech- I 
nique may inhibit healing* Additional attempts to repair-; 
cur ring fistulae should be delayed 4 to 6 weeks to allow sites 
revious flap harvesting to heal, revascularize, and mature 
before additional flaps are created. Rhinitis should reach 
after the fistula has healed if irreversible mucosal change* 
have not occurred. ■ 


Intravenous fluids should be provided until the animal be¬ 
gins eating and drinking (usually within 24 hours of sur 
gery). Soft food should be fed for 2 to 3 weeks, and chewing 
on hard objects (he*, toys, sticks) must be prevented to avoid 
dehiscence or perforation of the flap separating the oral and 
nasal cavities. If the animal 
bethan collar should be used. Severe rhinitis should be 
treated with antibiotics (see Table 21-5). Healing should be 
evaluated 2 and 4 weeks after surgery. 






paws at the mouth, an Eliza- 


i 


COMPLICATIONS 


PROGNOSIS 


Most oronasal fistulae are successfully repaired if flaps can 
be apposed without tension and with a good blood supply. 


Traumatic clefts may heal spontaneously in 2 to 4 mk 
Signs of rhinitis caused by regurgitation of food into k 


; 
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SYNONYMS 


nasal cavity may be controlled with chronic antibiotic ther¬ 
apy The long-term prognosis for most patients with non- 
traumatic fistulae is poor when surgical correction is not 
possible, because fist u lae do n ot h eal without surgica 1 recon - 
struct ion. 


Malignant melanoma is also known as melanosarcoma; 
ameloblastoma is also referred to as adamantinoma. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Reference 


The oral cavity is the fourth most common site of neoplasia 
in dogs and cats; ora! tumors account for 5% (dogs) to 7% 
(cats) of all malignant tumors in these species. Oral tumors 
occur 2.6 times more often in dogs than cats. Malignant oral 
tumors have a higher relative risk of occurring in male dogs 
than in female dogs. Oral tumors originate from the mucosa, 
tongue, periodontium, odontogenic tissue, mandible, max¬ 
illa, tonsils, and lips and spread by direct extension or inva¬ 
sion of adjacent bone and cartilaginous tissue. Metastatic 
spread is by lymphatics or blood to the regional lymph 
nodes and lungs. All tumors should be clinically staged ac¬ 
cording to the TNM classification system (primary tumor, 
regional lymph nodes, and metastasis) described by the 
World Health Organization (Table 21-6). 

The most common malignant canine 
nant melanoma, squamous cell carcinoma, and fibrosar¬ 
coma, whereas in cats squamous cell carcinoma is 
common malignant oral tumor. Other malignancies are 
listed in Table 21-7. Benign oral tumors are rare in cats. The 


Smith MM, Rockhill AD: Prostbodontic appliance for repair of an 
■oro nasal fistula in a cat,/ Am Vet Med Assoc 208:] 410, 1996, 


Suggested reading 

Kirby BM: Oral flaps: principles, problems, and complications of 
Baps for reconstruction ol the oral cavity, Probl Vet Med (Recon- 
StrSurg) 2:494, 1990. 

Salisbury SK: Problems and complications associated with maxil- 
lectomy, mandibuleclomy, and oronasal fistula repair, Probl Vet 

Med (Head Neck Surg) 3:153,199 h 


ORAL TUMORS 


tumors are malig- 


DEFINITION 


Oral tumors e n co nr pass t ho sc n eo p 1 asm s th at ar is e h o m the 
gingiva, buccal mucosa, labial mucosa, tongue, tonsils, or 
dental elements. 


most 


TABLE 21-6 


Clinical Stage Classification System for Canine and Feline Tumors of the Oral Cavity 


The Following are the minimum requirements for assess 
T, N, and M categories (if these cannot be met, the 
symbols TX, NX, and MX should be used), 

T categories: Clinical and surgical examination 
N categories: Clinical and surgical examination 
M categories: Clinical and surgical examination, 

radiography of the thorax 

Is Primary Tumor 

Tis-Preinvasive carcinoma (carcinoma in situ) 

TO-No evidence of tumor 
T1 -Tumor less than 2 cm maximum diameter 
IIo-Without bone invasion 
Tib-With bone invasion 
T2-Tumor 2 to 4 cm maximum diameter 
T2a-Without bone Invasion 
T2b—With bone invasion 

13-Tumor greater than 4 cm maximum diameter 

out bone invasion 

T3b—With bone invasion 

T he symbol m added to the appropriate T category indicates 

multiple tumors. 


ing the 


N; Regional Lymph Nodes (RLN)t 

NO—No evidence of regional lymph node involvement 
Ml —Movable ipsilateral nodes 

N1 a —Nodes not considered to contain growth % 
Nib—Nodes considered to contain growth t 
N2—Movable contralateral or bilateral nodes 
N2a — Nodes not considered to contain growthf 
N2b—Nodes considered to contain growthj 
N3—Fixed nodes 


M: Distant Metastasis 


MO—No evidence of metastasis 

Ml — Distant metastasis (including distant nodes) de- 


?x- 


the 


tected; specify site or sites 


ur~ 


jod 


Stage grouping 


ch- 


M 


T 


N 


MO 


NO, Nla, or N2a 
NO, Nla, or M2a 
NO, Nla, or N2a 

Any N2b or N3 
Any N 


T1 


or gi 

With 


re- 


130 


MO 


II 


12 


MO 


MS 


T3 


1 1 ve 
iges 


Any T 
Any T 


!V 


Ml 


1 Modified From document VPH/CMO/8Q.20, World Health Organization, 1980; reproduced with permission 
*The regional lymph nodes ore the cervical, submandibular, and parotid nodes. 
t[-|, Histologically negative; (+), histologically positive. 

§ Any bone involvement. 


:e ks. 


the 
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radiotherapy is better if concurrent hyperthermia is used 
Chemotherapy and immunotherapy have been of little or tin 
benefit in the treatment of malignant melanomas. However, 
research continues into the use of immunotherapy and bio¬ 
logic response modifiers in the treatment of malignant 

melanomas. 

Squamous cell carcinoma (SCC) is the most common 
malignant oral tumor in cats and the second most common 
malignant oral tumor in dogs (Table 21-9), These tumors 
occur on the gingiva, lip, tongue, or tonsil. The masses are 
red, 1 r ia b 1 e, vase ul a r, an d so me times u I ce ra led, M ost tumors 
in the rostral oropharynx are locally invasive and have a low 
metastatic potential, whereas those in the caudal oropharynx 
tend to be more infiltrative and metastasize more rapidly. 
Canine gingival SCC tends to be highly invasive and oste¬ 
olytic but has a low rate of metastasis. Feline gingival SCC 
has a poorer prognosis than canine SCC. Wide resection is 
recommended for gingival tumors. They are radiosensitive 
and combining radiotherapy with hyperthermia has been ef¬ 
fect i ■ve. I n vestig at ions into the use o f ch em ot he ra py alo:ne > i 
as an adjunct to surgery continue. Tonsillar SCC grows rap¬ 
idly and is associated with early local invasion and a high 
rate of lymph node and lung metastasis. These tumors occur 
most often in male urban dogs; tonsillar SCC has not been 
reported in cats. The prognosis for these tumors is guarded, 
S q u a mens cel 1 c a re in oma s may a 1 so occu r on th e t ongu e. 

Fibrosarcomas are found primarily in dogs (Table21-10), 
They most commonly occur on the maxillary gingiva and 
hard palate and appear as pink-red, firm, smooth, muMob- 
ulated masses that often are attached to underlying tissue 
Local infiltration with bony involvement is common, but 


most common benign oral neoplasms in dogs are epulides; 
other benign oral lesions are listed in table 21-7, 

Malignant melanomas are the most common malignant 
oral tumor in dogs; they rarely occur in cats (Table 21-8). 
Melanomas are rapidly growing, white-gray or brown-black 
tumors that are firm and vascular. They usually occur on the 
gingiva and are characterized by early local invasion. On 
histopathologic examination, some types are easily mistaken 
for fibrosarcoma. Metastasis to the regional lymph nodes 
and lungs occurs in 80% of cases. Wide surgical excision us¬ 
ing partial maxillectomy, mandibulectomy, tonsillectomy, or 
glossectomy is recommended. Radiation therapy may be 
used, but there is a high rate of recurrence. The response to 


TABLE 21-7 


Types of Oral Tumor 


Malignant 

* Malignant melanoma 

* Squamous cel! carcinoma 

* Fibrosarcoma 

* Osteosarcoma 

* Lymphosarcoma 

* Mast cell tumor 

* Gingival hemangiosorcoma 

* Neurofibrosarcoma 

* Anaplastic sarcoma 

■ Chondrosarcoma 

* Myxosarcoma 

* Invasive nasal tumors 

* Transmissible venereal tumor 

* Histiocytic neoplasia 


Benign 


* Bpulides 


TABLE 21-9 


* Virol papillomatosis 

* Odontogenic tumors: adamantinoma* (ameloblastoma) 

* Fibroma 

* Peripheral giant cell granuloma 

* Chondroma 




Characteristics of Oral Squamous Cell Carcinomas 


* Most common tumor in cats (approximately 70%) 

* Second most common tumor in dogs (with frbrosar 
coma) (approximately 15%) 

* Occur on the gingiva, lip, tongue, or 

* Biologic behavior varies with location and species, re¬ 
node involvement is common with tongue 
squamous cell carcinomas 


* Hemangioma 

* Plasma cell tumor 


gic oent 
d lymph 


giona 


and tonsillar 


Biologic behavior is unpredictable. 


TABLE 21-8 


TABLE 2110 




Characteristics of Oral Malignant Melanomas 




Characteristics of Oral Fibrosarcomas 


common malignant oral tumor in dogs (approxi¬ 
mately 20%) 

Rare in cats 

common on gingiva 

* More common in male dogs 

* Mean age of affected animals is 9 to 11 years (10.3] 

* Breeds with pigmented oral mucosa, cocker spaniels, 




* Second most common malignant oral tumor in dogs 
(with squamous cell carcinoma) 

* Occur mast commonly on the gingiva and hard palate 

* More common in large breeds («.e, r over 20 kg) and 


male dags 


• Younger dogs may be affected (mean age under 7 
years) 

* Locally invasive; high metastatic potential in dogs under 
2 years of age 


Breeds with pigmented oral mucosa, cocker 
and German shepherds may be predisposed 


* Metastasis is common 

* Prognosis is poor; median survival is 8 to 9 months 
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coma has been reported, Acanthomatous epulides are classi¬ 
fied as benign masses* but they are often locally aggressive 
and sometimes are difficult to differentiate histologically 
from squamous cell carcinoma. They are the most common 
type of epulis and frequently infiltrate bone* causing lysis, 
Acanthomatous epulides most often occur rostral to the 
mandibular canine teeth. They are composed primarily of 
epithelial cells arranged in sheets and cords intimately asso¬ 
ciated with the underlying stroma and invading bone. Wide 
surgical excision is recommended, although they are ra¬ 
diosensitive, They recur locally if not treated adequately 
Ameloblastomas (adamantinoma) are benign tumors 
that arise from the dental lamina. They usually occur in 
younger dogs and involve the rostral mandible. Ameloblas¬ 
tomas develop as intraosseous tumors and are locally inva¬ 
sive and nonmetastasizing. Odontomas are rare, 
odontogenic tumors that arise from the dental follicle and 

induction of both enamel and dentin in the lesion. 


distant metastasis is uncommon. Although local recurrence 
is high with any treatment, wide surgical resection is recom¬ 
mended. Most fibrosarcomas are poorly responsive to 
chemotherapy Fibrosarcomas generally are radioresistant* 
although the median tumor control time with radiation 
done may be as long as 12 months, and aggressive postoper¬ 
ative radiation therapy has improved survival times (King, 
Bergman, Harris, 1997), Cryotherapy is believed to stimulate 

recurrence. 

Osteosarcomas account for approximately 10% 
mandibular and maxillary tumors. They are locally aggres¬ 
sive and have a high metastatic potential. The response to 
conventional therapies (i.e.* surgery radiation* chemother¬ 
apy) is poor, although survival is longer than with appendic¬ 
ular osteosarcoma. 

The epulides are the most common class of benign oral 
neoplasms, accounting for 30% of all canine oral neoplasms 

are rarely seen in cats. These tumors are 

firm gingival masses that arise from the periodontal liga¬ 
ment. There are three types ol epulides: fibromatous, ossify¬ 
ing, and acanthomatous. Fibromatous epulides are non inva¬ 
sive, firm, smooth* pink masses that originate at the gingival 
mleus and may be single or multiple and pedunculated or 
sessile (Fig. 21-29). The primary cell type is periodontal lig¬ 
ament stroma. Ossifying epulides are similar to fibromatous 
epulides except that they have large amounts of osteoid ma¬ 
trix in the stroma of the periodontal ligament. They are firm 
and difficult to cut. Malignant transformation to osteosar- 


i 


o 


r> 




it 


m 


>rs 


canine 


re 


>rs 


>w 


nx 


lly 


te- 


benign 


ZC 


i is 


fable 21-11), They 


c a u se 

Dentigerous cysts appear as dosed cavities or 
or more teeth embedded in the cyst wall. Ihey arise within 
islands of odontogenic epithelium and are described as be¬ 
nign, nonneoplastic lesions; however they may represent an 
early stage of malignant epithelial tumor development. 

Oral papillomas are benign tumors caused by a papillo¬ 
mavirus or papovavirus in young dogs. They occur primarily 
on the buccal and gingival mucosa* appearing as multiple 
gray-white pedunculated lesions. Papillomas spontaneously 
regress within 2 months in most dogs as immunity to the vi¬ 
ral agent develops. Surgical resection is necessary only to 
confirm the diagnosis or in dogs that are dysphagic 
suit of many large papillomas. Some animals have been 
treated with autogenous vaccines, but this is not recom¬ 
mended because malignant skin tumors may develop at the 


sacs with one 


ef- 


- or 


ap- 


igh 


cur 


een 

led. 


10 ). 


lob- 


as a re¬ 


sue, 

but 


TABLE 21-11 


Hr 


Characteristics of Epulides 


site of inoculation. 


* Most common oral tumor in dogs (approximately 30%) 


Mean age about 8.2 years 

• Mare common in large-breed dogs [he. r over 20 kg) 


DIAGNOSIS 

Clinical Presentation 


* Do not metastasize 


• Acanthomatous epulis is most common form 


Signalment. Breeds that appear to be predisposed to 


oral tumors include boxers, German shepherds, golden re¬ 


cocker spaniels, poodles, German short haired 


trie vers 


pointers* collies* Old English sheepdogs, and weimaraners. 


Oral tumors are generally observed in middle-aged or older 


animals (older than 7 to 10 years). Exceptions to this include 


dogs 1 year old or 


oral papillomatosis, which occurs in 


younger, and fibrosarcoma, which has a mean age of occur¬ 


rence of approximately 5 years. 


more common in males (the reported 


Melanomas are 


male to female ratio has been as high as 4:1) with an average 


of onset of 9 to 11 years. Breeds with pigmented oral 


age 


cocker spaniels, and German shepherds appear to 


mucosa. 


have an increased incidence. Squamous cell carcinomas are 


common in cats of either gender older than 10 years ot age. 


Nontonsillar squamous cell carcinomas are most common 


in small-breed dogs of either gender between 8 and 10 years 


of age. Fibrosarcomas occur more commonly in large-breed 


FIG 21-29 


dogs* particularly Doberman pinschers and golden retriev 


Appearance of a fibromatous epulis surrounding the 


Males are affected more often than females (2:1). For 
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DIFFERENTIAL DIAGNOSIS 


fibrosarcomas the age of onset is younger (4 lo 5 years) in 
large-breed dogs (more than 25 kg) than in smaller dogs (8 
years or older). Oral osteosarcomas most often affect the 
mandible and occur in females more often than males 
(1.8:1). Fibromatous epulides are common in boxers. 


Granulation tissue that occurs secondary to foreign body, 
trauma, or infection; eosinophilic granuloma complex; and 
gingival hyperplasia are the primary differential diagnoses. 
Other differentials include leishmaniasis and dental disease. 
Fluctuant swellings in the sublingual and pharyngeal area may 
be salivary mucoceles (see p. 302) or congenital cysts. Other 
differential diagnoses include nasopharyngeal polyp, os¬ 
teomyelitis, and feline plasma cell gingivitis-pharyngitis. Cy 
tologic or histologic analysis of masses may be necessary to 
differen 1 iate neoplastic from somenonneoplastk oral lesions 


NOTE • Remember, not all melanomas are pig¬ 
mented; amelanotic melanomas may be easily con¬ 
fused with other oral tumors. 


History. Oral tumors often are large when recognized by 
an owner; however, some are found during yearly examina¬ 
tions or routine dentistry. Neoplasia should be suspected 
during dentistry if teeth are excessively mobile. Affected ani¬ 
mals frequently are presented for evaluation of a visible mass, 
oral bleeding, difficulty eating, or halitosis. Anorexia, weight 
loss, loose or displaced teeth, salivation, facial deformity, 
and/or nasal discharge may also be noted. A history of recent 
tooth extraction may precede rapid growth of a mass at the 
extraction site. Clinical signs in dogs with tonsillar SCC may 
be related to oropharyngeal obstruction (Le,, dyspnea, 
anorexia, cough, or drooling), and a large ventral cervical 
swelling may be associated with lymph node metastasis. 

Physical Examination Findings 

Oral tumors arising from the rostral portion of the oral cav¬ 
ity generally are easily visualized; however, examination for 
tonsillar or caudal oropharyngeal tumors may require seda¬ 
tion or anesthesia. General anesthesia often is necessary to 
define the extent of disease. The surface of growing neo¬ 
plasms may appear ulcerated, infected, and necrotic. Re¬ 
gional lymph nodes should be evaluated for evidence of en¬ 
largement, nodularity, and adherence to surrounding tissue. 


MEDICAL MANAGEMENT 


Cytologic analysis of the tumor and draining lymph nodes is 
indicated before surgery. Excisional or incisional biopsy (see 
p. 276) usually is necessary to determine the prognosis and 
treatment. Treatment modalities other than surgery that have 
been used alone or in combination for oral tumors include 
radiotherapy, hyperthermia, chemotherapy, cryosurgery, im¬ 
munotherapy, and photodynamic therapy. Squamous cell 
carcinomas are radiosensitive and are successfully treated by 
this modality. Fibrosarcomas are radioresistant. Melanomas 
may be sensitive to radiotherapy, but distant metastasis rre- 
quently renders it ineffective. Radiation- induced tumors » 
cur in up to 20% of the irradiated sites. The prognosis after 
treatment with chemotherapy, immunotherapy, hyperther¬ 
mia, and photodynamic therapy needs further investigation, 
Refer to an oncology text for additional information about 

these techniques. 


SURGICAL TREATMENT 


Treatment protocols must be based on the tumor type, site, 
extent, and stage; the patient’s age and health; and treatment 
limitations. Early, aggressive therapy offers the best chance> i 
success in treating oral malignancies. Aggressive surgical exci¬ 
sion (e.g., mandibulectomy, maxillectomy) may he curative 
for gingival tumors if resection Is complete and metastasis hb 
not occurred. Because most gingival tumors invade bone, 
mandibulectomy or maxillectomy usually is necessary, Shav¬ 
ing the tumor down to hone generally results in recurrence 
Caudal tumors and those crossing the midline may be irnre- 
sectable or the area may be difficult to reconstruct successfully 
with flaps. Excision of the middle and caudal maxilla is lim¬ 
ited by the size of mucosal flap that can be created, 
Mandibulectomy is limited by the medial and caudal extentui 
the tumor (see p. 278). Tumors invading the sublingual mus¬ 
culature and caudal pharynx may not be resectable. Tum i; 
extension into the lip necessitates full thickness lip resection 
with partial maxillectomy {see p. 277) or mandibulectomy. 


NOTE * When you first observe the tumor, measure 
it and record its location, particularly if treatment Is 
to be delayed. 


Radiography and Ultrasonography 

Thoracic radiographs should be done to look for pulmonary 
metastasis and concurrent pulmonary or cardiovascular dis- 

Both lateral radiographic views should be taken, be- 
tumors maybe missed on a single lateral view, further 


ease. 

cause 

therapy may not be indicated if metastasis is noted. Skull ra¬ 
diographs, CT, or MR! studies are performed with the patient 
under general anesthesia and are used to assess the extent of 
the lesion and bony involvement. Malignant tumors show a 
tendency for irregular, destructive, or aggressive bone loss, 
w hereas bone production predominates in benign tumors. 


NOTE * Owners often think that their pets will be 

unacceptably disfigured after major oral resections, 
It may help to show them pictures of animals that 
have had procedures similar to the one you are rec¬ 
ommending for their pet. 


Laboratory Findings 

Laboratory examination of animals with oral tumors should 
include a CBC, chemistry profile, urinalysis, bleeding time, 
and electrocardiogram. Other than anemia of chronic blood 
loss, abnormalities related to the tumor are uncommon. 
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Preoperative Management 

Perioperative antibiotics are indicated for oral tumors, 
which often have focal areas of necrosis and infection (see 
p. 2751, Debilitated animals require intravenous fluids and 
enteral or parenteral hyperalimentation before surgery* 

Anesthesia 

General anesthetic protocols for animals undergoing oral 
surgery are given on p. 274. Sedation or general anesthesia 

may be required for fine-needle aspiration, depending on 
the location of the tumor and the animal’s disposition. Gen¬ 
eral anesthesia generally is recommended for biopsy because 
of subsequent bleeding. Surgical excision of tumors requires 
general anesthesia with inhalant anesthetics. Because most 
affected animals are old, isoflurane is the inhalant anesthetic 
of choice. Cuffed endotracheal tubes, preferably tubes that 
are guarded to prevent kinking, should be used. Intubation 
maybe accomplished through a pharyngotomy (see p. 282) 

or tracheotomy (see p. 720) if necessary to facilitate surgery. 
Sterile sponges should be placed in the caudal oropharynx to 
preven t asp i ra t ion of b loo d. 

Surgical Anatomy 

The surgical anatomy of the oropharynx is discussed on 

p, 275, 

Positioning 

Mandibular lesions usually are resected with the patient in 
lateral recumbency. Maxillary lesions may be resected with 
the patient in lateral or ventral recumbency. 


continued when the animal maintains hydration by drink¬ 
ing. Dogs are seldom reluctant to eat after surgery; however, 
cats may require 2 to 3 days to adapt. The patient should be 
reevaluated 1 and 2 weeks after surgery to assess healing. Su¬ 
tures usually are extruded or sloughed 2 to 4 weeks postop- 
eratively, Facial swelling usually resolves within 3 to 7 days 
after surgery. Thoracic radiographs may be taken at 3, 6, and 
12 months postoperativeiy to evaluate for metastases, and 
oral examinations should be performed regularly to look for 
tumor recurrence. After partial maxillectomy or mandihu- 
lectomy, excessive dental tartar may accumulate on the teeth 
of the opposite dental arch. Owner satisfaction after partial 
rnandibulectomy or maxillectomy usually is good. 
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COMPLICATIONS 


ee 


Tumor recurrence and dehiscence are the most common 


id 


complications after major oral reconstruction. Overall, tu 
mor recurrence after resection with tumor- 


ve 


de 


margins is 

less than 40% (White, 1991), Recurrence in these cases is due 
to the presence of a multifocal tumor, development of a new 
tumor, or inadequate pathologic assessment. Dehiscence oc¬ 
curs in less than one third of cases with major reconstruct 

p* 

tion (Kosovsky et ak, 1991). Suture line tension, excessive use 
of electro cautery, ischemic necrosis of a mucosal flap, exces¬ 
s' i ve fla p movem ent, infection, an d t u m or recur re n ce a re ma¬ 
jor causes of dehiscence. Dehiscence occurs more often if 
surgery is combined with radiotherapy or chemotherapy, 
because these adjuvant therapies may inhibit wound healing. 
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PROGNOSIS 


t he prognosis for oral tumors depends on the type ol tu¬ 
mor, its biologic behavior, and the stage of disease. The prog¬ 
nosis is good for benign oral tumors, whereas the prognosis 
for malignant oral tumors is poor. The best chance for cure 
or control of malignant or benign oral tumors is surgical re¬ 
section and reconstruction. Elimination of local disease is 
essential. Overall, the i -year survival rate is 46% with a me¬ 
dian survival time of 8 months for dogs with malignant 
maxillary tumors (White, 1991; Wallace, Matthiesen, 
Patnaik, 1992). For malignant mandibular tumors the over¬ 
all 1-year survival rate is 45% with a median survival time of 
11 months (White, 1991), Dogs with tumors rostral to the 
maxillary canine or the first mandibular premolar teeth have 
a better prognosis. This may be because of earlier recogni¬ 
tion, altered tumor behavior based on location, or preva¬ 
lence of tumor type. 

Squamous cell carcinomas respond best to surgery be¬ 
cause they are localized and usually have not metastasized. In 
do gs, m o re th a n 5 0 % o f S CC s a re cent roll ed locally fo r a yea r 
or more, and the mean survival time is approximately 13 to 
J 9 months. Reports of 1 -year survival rates vary from 30% to 
91%, Fibrosarcomas are localized but locally aggressive and 
often are difficult to resect completely. Recurrence of up 

has been reported. 

The mean survival time varies from 10 to 14 months, and 
1-year survival rates vary from 21% to 50% after excision 
of fibrosarcomas. Melanomas have the poorest prognosis 


SURGICAL TECHNIQUE 


ite 


Identify the soft tissue and/or bone to he resected and remove 
them according to the techniques for maxillectomy, 
rnandibulectomy, glossectomy, and tonsillectomy described 
an pp. 277 to 282. After rnandibulectomy or maxillectomy but 
before closure, you may radiograph the excised segment to 
lelp determine whether adequate bone was removed; how¬ 
ever, tumor growth up the mandibular foramen may necessi¬ 
tate wider margins than radiographic evaluation of bone de- 
ifruction might predict, if available, intraoperative cytologic 
evaluation often is more beneficial in determining the ade¬ 
quacy of resection. Submit excised tissues for histologic analy¬ 
sis. If additional bone Is excised, mark the caudal border to al¬ 
low determination of whether additional resection is needed 
u\, if this margin contains tumor). Concurrent or prior ex- 
rision of regional lymph nodes (mandibular, parotid, and me¬ 
dial retropharyngeal) is important in staging the disease. 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


Sp* nges should be removed from the caudal oropharynx, 
and the oral cavity and nasopharynx should he suctioned 

anesthetic recovery. Analgesics (i.e., oxymorphone, 
autnrpHanoi, or buprenorphine; see Table 21-4) should be 
provided postoperativeiy Soft food and water may be of¬ 
fered the day after surgery, intravenous fluids may be dis- 


be 
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to 80% in the first 
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because they metastasize early. Fewer than 20% of affected 
animals are disease free I year after surgery, and the mean 
survival lime is 9 months. Reported median survival times 
vary from 8 to 10 months. Tumors arising from the tongue 
have a poor prognosis. They are controlled locally in only 
25% of animals 1 year after resection or radiation therapy 
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FIG 21-30 

Cervical mucocele in a dog. 


on canine 




SALIVARY MUCOCELES 




DEFINITIONS 


A salivary mucocele is a collection of saliva that has leaked 
from a damaged salivary gland or duct and is surrounded by 

tissue. A cervical mucocele is a collection of saliva 
in the deeper structures of the intermandibular space, the 
gle of the jaw, or the upper cervical region. A sublingual 
cocek (ranula) is a collection of saliva in the sublingual tissue 
caudal to the openings of the sublingual and mandibular 
ducts, and a pharyngeal mucocele is a collection of saliva in 
the tissues adjacent to the pharynx. A zygomatic mucocele is a 
collection of saliva ventral to the globe. Complex mucoceles. 
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FIG 21-31 

Intraoperative appearance oF a mucocele (ran 
lateral to the tongue in the sublingual tissue. Note the ulcer 
from mucosal entrapment between teeth, j 
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Chapter 2) 


.ophthalmos and di¬ 


wit h zygomatic mucoceles may cause 

vergent strabismus. 


(Hg. 21-32). Saliva irritates the tissue and 
inflammation. During this initial phase the swelling 
be firm and painful, but the animal usually is asympto¬ 
matic, Granulation tissue forms in 

and prevents saliva from migrating further. The di 

agnosis of salivary mucocele is 
history, clinical signs, and pathologic findings. Radiographs 
may determine which gland is involved, and histopathologic 
examination is diagnostic. 


pharyngeal tissues 

causes 


NOTE » Ask the owners where they first noticed the 
swelling, because this may help you 
affected side. 


response to the inflam- 


determine the 


based primarily on the 


Physical Examination Findings 

The parotid and mandibular glands are easily palpated. The 
sublingual gland occasionally is palpable in a cooperative 
sedated patient. Palpation of the glands is expected to be 
normal and without discomfort. Most mucoceles are soft 
and fluctuant, whereas tumors and abscesses generally are 

firm. Mucoceles are 
swelling. It sometimes is difficult to identify the affected side 

when mucoceles are located on the ventral midline or inter- 
mandibular space. Examining these animals in dorsal re¬ 
cumbency often allows the mucocele to gravitate to the af¬ 
fected side. Palpation of some cervical mucoceles causes the 
sublingual tissues to bulge on the affected side. Concurrent 
sublingual and cervical mucoceles originate from the side 
where the sublingual mucocele is found. Blood-tinged saliva 
may occur in patients with sublingual mucoceles because 
teeth often traumatize the mucocele. Periorbital facial 
swelling, exophthalmos, and periocular pain are signs of a 
zygomatic mucocele. Optic neuropathy that occurs second¬ 
ary to pressure may be seen with zygomatic mucoceles. 


DIAGNOSIS 

Clinical Presentation 


or 


frequently affected than 
some reports indicate 


Signal merit. Dogs are more 
cats. All breeds are susceptible, but 
that poodles, German shepherds, dachshunds 
tmlian silky terriers are more commonly allected. There is a 
slight predisposition for males to be affected. Any age animal 

may develop a mucocele. 

History. Clinical signs depend on 
mucocele. Most dogs have cervical or inter mandibular mu¬ 
coceles and usually are asymptomatic. These animals 
are presented for treatment with a history of a gradually de¬ 
veloping, fluctuant, painless mass. Patients with a sublingual 

mucocele (Le 


painless except during the acute phase of 


, and Aus- 


>f 


the location of the 


i- 


usu 


r- 


or 


ranula) may have abnormal prehension and 
oral bleeding, which is caused by trauma during chewing. 
Respiratory distress and dysphagia are common in patients 
with pharyngeal mucoceles. Swelling in the oropharyngeal 
area may cause abnormal tongue movements and may inter¬ 
fere with eating or breathing, and swelling in the orbital area 


NOTE • Animals with pharyngeal mucoceles often 

presented for treatment in acute respiratory dis¬ 
tress. Institute appropriate therapy rapidly or these 
animals may die! 


Radiography and Ultrasonography 

Plain radiographs rarely help except in cases involving 
sialoliths, foreign bodies, or neoplasia. Thoracic radiographs 
indicated to evaluate for metastasis if neoplasia is sus¬ 
pected. Sialography, the injection of an iodinated, water- 
soluble contrast agent into a salivary duct, is difficult and 
ally unnecessary to confirm the diagnosis or determine 

the site of origin. 


arc 


us u 


laboratory Findings 

Laboratory abnormalities are seldom present in affected an¬ 
imals. Salivary gland function and duct patency can be eval¬ 
uated by placing a drop of topical ophthalmic atropine solu- 

the tongue to stimulate saliva flow. However, it may 
be difficult to distinguish flow from individual ducts. Para¬ 
centesis should be performed under aseptic conditions to 

infection of the mucocele. Aspiration of a clear, 


p re ve n t 

yellowish, or blood-tinged, ropy, mucoid fluid with a low 
cell count is consistent with saliva. Staining a smear with a 
mucus-specific stain such as periodic add-Schiff (PAS) con¬ 
firms the presence of saliva. An elevated white blood cell 
count may indicate concurrent sialoadenitis, 


Pharyngeal mucocele in a dog. 




















304 


PART III 


Soft Tissue Surgery 


DIFFERENTIAL DIAGNOSIS 


Sialoadeni&s, sialadenosis, salivary neoplas 
ciom phosphate or carbonate), cervical abscess, foreign body, 
hematoma, cystic or neoplastic lymph nodes, tonsil cyst, thy 
roglossal cyst, cystic Rathkes pouch, and branchial 
cause swellings in the same region 

mucoceles may be difficult to distinguish from 
mors. Histopathologic examination 
salivary gland tumors and to differentiate 
f rom a mucocele. Congenital cysts have 
whereas mucoceles 


ta, sialolith (cal- 


Parotid gland 


cysts may 
as mucoceles. Occasionally 


Zygomatic gland 


cysts or tu- 
is necessary to diagnose 

a congenital cyst 

epithelial lining, 


C\V/ 


an 




are lined by granulation tissue 


MEDICAL MANAGEMENT 


Repeated drainage or injection of cauterizing or antiinflam- 

not eliminate mucoceles; however, it 


matory agents 

complicates subsequent surgery by leading to abseessation 
or fibrosis. 


Mandibular 


duct 


Mandibular 

gland 


Sublingual 


SURGICAL TREATMENT 


FIG 21-33 


Complete excision ol the involved gland-duct complex and 
drainage of the mucocele 


Surgical an' 

lies ventral to 


atomy of the salivary glands. The parotid gland 
the ear canaL The mandibular gland is ventral 

between the maxillary and 

! ingual gland follows the rostral 
course of the mandibular duct toward the oral cavity. The 

zygomatic gland is protected by the zygomatic arch. 


are curative. The side of origin of 
the mucocele may be determined by oral examination, pal¬ 
pation, sialography, or exploration of the mucocele. 


to the Dorotid gland, lying 

linguofacial veins. The sub! 


NOTE * If you are having trouble identifying the af¬ 
fected side in an animal with a cervical mucocele, 
place the animal on its back- The contents of the 

cocele often gravitate to the side of the affected 
gland. 


mu- 


TABLE 210 2 


Oral Openings of the Salivary Gland Ducts 


Parotid Duct 

* Labial mucosa at level of upper carnassial tooth 

Mandibular Duct 

■ Papilla lateral to the rostral border of the Frenu 

Sublingual Duct 

* Opens with the mandibular duct near the lingual 
frenulum 

Zygomatic Gland 

* Lateral to the last upper molar tooth 


Preoperative Management 


Animals with pharyngeal mucoceles 
treatment in acute respiratory distress, and rapid intubation 
may be necessary* Intubation may not be possible through 

the mouth, and a temporary tracheostomy 

Once these animals have been intubated they generally 

stable, and surgical excision of the salivary glands and 
drainage of the mucocele 


may be presented for 


urn 


are 


be delayed while further diag¬ 
nostics are performed if necessary. Intravenous antibiotics 

may be given at induction of anesthesia but are not essential. 


can 


Anesthesia 

Most animals undergoing salivary gland excision for mucoce 

healthy, and a variety of anesthetic protocols 

used* General anesthetic recommendations for animals 
dergoing oral surgery fi 

les) are listed on 

patients with large pharyngeal mucoceles (see above), and 
placement of the endotracheal tube by means of tracheostomy 
often is necessary to allow adequate visualization of the lesion* 

Surgical Anatomy 

Dogs and cats have four major pairs of salivary glands of 
urgical significance (Fig. 21-33)* They are the parotid, 
mandibular, sublingual, and zygomatic glands. The parotid 
gland is a triangular-shaped serous gland located ventral to 


the horizontal 
11 er ves 


ear canal. Numerous arteries, 
are closely associated with the medial aspect of the 
gland. The parotid duct papilla is located on the mucosd 
surface of the cheek at the level of the upper earn ass ial tooth 
(fourth premolar), 1 he mandibular gland is large and ovoid 

a fibrous capsule caudal and ventral to die 
parotid gland. It is located between the linguofacial and 
maxillary veins 

vein. The mandibular duct 


veins 


les are 


can be 


un- 


.e., for ranulas or pharyngeal mucoce 


P- -74. Oral intubation may be difficult i 


m 


and lies within 


as they merge to join the external jugular 

( I runs with the sublingual glad 

opens on a small papilla 
lateral to the rostral border of the frenulum (Table 21-th. 

1 he sublingual gland is divided into a monostomatic and 

potystomatic portion. The mo nostoma lie portion originate 

: rostroventral border of the mandibular gland. Be 


toward the floor of the mouth and 
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one would traumatize the other. Removal of glands on the 
involved side is all that is necessary for mucocele resolution; 
however, both pairs of mandibular and sublingual glands 
may be resected without risk of xerostomia. If it is not clear 
from which side the mucocele originated, make a stab inci¬ 
sion in the mucocele and digitally palpate the lumen. The 
unaffected side is rounded and smooth. The affected side has 
a tract or tunnel toward the site of leakage. 


ducts from this portion of the sublingual gland course with 
the mandibular duct but often open on separate papillae. 
The polystomatic portion is divided into several loosely con¬ 
nected lobules that surround the mandibular duct 
immediately beneath the oral mucosa, secreting directly into 
the oral cavity. The zygomatic gland, an irregularly ovoid 
gland, is located on the floor of the orbit vent ro can dal to the 
eye and medial to the zygomatic arch. The zygomatic gland 
has several ducts that run vent rally and open on a told of 
mucosa lateral to the last upper molar tooth. The major zy¬ 
gomatic duct usually can be identified at this location about 
1 cm caudal to the parotid papilla. 

Positioning 

Salivary gland excision is performed with the animal in lat¬ 
eral recumbency'. Ventral recumbency and maximum open¬ 
ing of the mouth facilitates marsupialization of pharyngeal 
mucoceles and ranulas. 

SURGICAL TECHNIQUES 

Mandibular and Sublingual Salivary 
Gland Excision 

The mandibular and sublingual salivary glands are excised 
together because the sublingual gland is intimately 
ated with the mandibular salivary gland duct; removal ol 




Position the patient in lateral recumbency. Place a pad under 

the neck to rotate the ventral aspect dorsally and fix the neck 

extended position. Locate the mandibular salivary 

gland between the linguofacial and maxillary veins 

join the externa/ jugular vein (Fig. 21 -34, A). Incise the skin , 

sub a/ton ecus tissue, and platysma muscle from the angle of 

the mandible caudally to the external jugular vein to expose 

the fibrous capsule of the mandibular gland (Fig. 21-34 , BJ, 

Avoiding the branch of the second cervical nerve 

the capsule , incise the capsule and dissect it away 

vary 


they 


as 


that 


crosses 

from the mandibular and monostomatic sublingual 
glands. Ligate the artery (branch of the great auricular ar¬ 
tery} and vein as they are encountered on the dorsomedial 
aspect of the gland . Continue dissecting c rani ally , fo//ow/ng 
the mandibular duct , sublingual duct and polystomatic sub¬ 
lingual glands toward the mouth (see Fig . 21-34, BJ. Incise 


a 


Ramus of mandible 


Parotid gland 


Mandibular 




salivary 


Maxillary vein 


v i 
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Jugular vein 




Linguofacial vein 


Sublingual 


salivary 
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Mandibular 


salivary 


M asseter muscle 
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Maxillary vein 
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FIG 21-34 

Excision of the mandibular and sublingual salivary g 

the external ear canal and over the mandibular salivary gland at the [unction of the 
linguofacial and maxillary veins. B, Dissect the mandibular salivary gland after incising the 
capsule. Apply caudal traction on the mandibular gland and dissect the duct and 
sublingual gland until the lingual nerve has been identified. 


lands. A, Make an incision ventral to 







306 PART III 


Soft Tissue 


5 urgery 




the fascia between the masseter and digastricus muscles. Ex¬ 
pose the entire mandibular and sublingual salivary gland 
complex by retracting the digastricus muscle and applying 
caudal traction 


Position the patient in lateral or ventral recumbency Protect 
the animal's eye from irritonts with ophthalmic ointment In¬ 
cise the skin and subcutaneous tissues over the dorsal rim of 
the zygomatic arch . Incise the palpebral fascia i, retractor on- 
goli oculi muscle i, and orbital ligament and elevate them dor- 
sally with the skin and globe. Further expose the ghnd by 
partly removing the zygomatic arch with rongeurs or by psH 
teotomy. Retract the globe dorsally to expose the periorbital 
fat and underlying zygomatic gland. Remove the gland by 
blunt dissection (the gland is friable). Avoid the ventrolly lo¬ 
cated anastomotic branch between the deep facial and ex*' 
ternal oph th a Imic ve in s . Drain the m ucocele if p resen f. If pos¬ 
sible, replace the zygomatic arch by securing the bone with 
suture placed through predriIIed holes. Lavage the area ord' 
oppose the palpebral fascia to the zygomatic peri os tew 
with sutures. Close subcutaneous tissues and skin . Jj 

Parotid Gland Excision 

Parotid gland excision occasionally is performed for neopla¬ 
sia, fistula, chronic infection, or mucocele. The triangular- 
shaped gland is located at the base of the auricular cartilage. 






the mandibular gland . If necessary; per¬ 
form digastricus muscle myotomy or tunnel the caudal sub¬ 
lingual gland dud complex under the digastricus muscle to 
improve visualization. Dissect (digital and sharp) rostrally 
until the lingual branch of the trigeminal nerve is identified 

remain in the complex. Avoid traumatizing 
the lingual or hypoglossal nerves . Try to identify the gland- 
ducf defect causing the mucocele, because failure to identify 
this defect may indicate that the mucocele originated from 
th e con trala tern I glan d-duct com p/ex. L tgate and tran sect th e 
mandibular sublingual gland-duct complex just caudal to the 
lingual nerve. 






and only ducts 




i 




ii 








Traction on the gland-duct complex may cause the ducts 
to tear. If this occurs near the point of proposed transection 
or on the oral aspect of the gland-duct defect, no further dis¬ 
section is needed. However, if the tear occurs before the 
gland-duct defect or when the defect has not yet been iden¬ 
tified and glandular tissue is identified oral to the tear, fur¬ 
ther resection of glandular tissue is recommended to prevent 
recurrence. 


Position the patient in lateral recumbency Incise the sfcrt 
from I to 2 cm ven tra I to th e ex terna I aco u stic m eat us to o 

point midway between the ramus of the mandible and the bi¬ 
fur cation of the jugular vein . incise the platysma musefe to 
expose the parotidoauricu laris muscle f vertical ear canal, 
and parotid salivary gland . Sever and retract the parofi- 
doauricularis muscle from its vertical ear 

vein. Begin dissection 






Lavage the surgical site before closure. Appose the digastri¬ 
cus muscle if it has been incised with horizontal mattress or 
cruciate sutures. Close the dead space with a few sutures 
the capsule and deep tissue , Routinely appose superficial 
muscles, subcutaneous tissue , and skin, Following excision , 
submit the glands and ducts to rule out neoplasia and submit 
portion of the mucocele wall to rule out congenital cysts. 
Drain cervical mucoceles by making a stab incision at the 
most dependent point; place a Penrose drain if desired. Pro¬ 
tect the drain with an absorbent bandage . Change the band- 
age and cleanse discharge from the neck as needed to pre¬ 
vent excoriation of the skin. Maintain the drain for 1 to 5 
days f removing it when there is minimal discharge. Allow the 
stab incision to heal by second intention . Redundant skin 
sumes its norma/ appearance within several weeks. Drain 
sublingual mucoceles (ranulas) by excising an elliptical, full 
thickness section of the mucocele wolf Suture the granulation 
tissue lining to the sublingual mucosa (marsupialization) to 

encourage drainage for several days (Fig. 21-35). Drain 
pharyngeal mucoceles by aspiration or marsupialization. Ex¬ 
cise redundant pharyngeal tissue to prevent airway obstruc- 

evacuation of the mucocele. 


in 


Ligate and divide the caudal auricular 
of the parotid gland at its dorsocaudal angle. Separate rfte 
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M ars up i a I i zed ranu las contract and h ea I qu i ddy by s econ d 
intention. After bilateral mandibular and sublingual salivary 
gland excision, dogs still have sufficient saliva to adequate!\ 
moisten their food. 






Zygomatic Gland Excision 

Zygomatic gland excision is required for zygomatic mucoce¬ 
les, unresponsive infections or inflammatory conditions, 
and neoplasia. 


FIG 31-35 


Marsupialization of a ranula After excising an 
piece of mucosa and granulation tissue from the mucocele 
wall, suture the mucosa to the lining of the mucocele. 
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Surgery of the Esophagus 


parotid from the mandibular gland ventrolly. Continue dis¬ 
section between the gland and the vertical 
traumatizing the facial 




canal. Avoid 


ear 

nerve at the base of the horizontal 




canal , Ligate and divide the Superficial temporal 






ear 


GENERAL PRINCIPLES 
AND TECHNIQUES 




branch of the maxillary vein) coursing through the gland l 
Cauterize or ligate small vessels on the gland's medial sur¬ 
face. Ligate and transect the parotid duct as it leaves the 
gland. Lavage the area. Reappose the parotidoauricularis 
muscle. Complete closure by apposing subcutaneous tissues 
and skin, Ligation of the parotid duct may be an alternative 
treatment for parotid mucoceles or fistula * 




DEFINITIONS 


Esophagotomy is an incision into the esophageal lumen; 
esophagectomy is partial resection of the 
Esophagostomy is the creation of an opening in the esoph¬ 
agus for placement of a feeding tube. Regurgitation is the 
passive expulsion of undigested food or fluid from the 
esophagus* Vomiting is a centrally mediated reflex that 
causes expulsion of food or fluid from the stomach or duo¬ 
denum or both. 


esophagus. 


Ligation of the duct proximal to the disruption, near the 
body of the gland, causes the gland to atrophy 


} 


I 


i 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Change bandages daily if a Penrose drain has been placed. 
Depending on the amount of drainage, remove the drain 
24 to 72 hours after surgery Allow the drain site to heal by 
second intention. Soft food should be fed for 3 to 5 days 
after ranula marsupialization or drainage of pharyngeal 
mucoceles. 


PREOPERATIVE CONCERNS 


The esophagus carries food, water, and saliva from the phar¬ 
ynx to the stomach. Although less common than intestinal 
obstruction, esophageal obstruction may occur in dogs and 
cats because of foreign bodies, strictures, 

Esophageal surgery may be indicated if function is inter¬ 
rupted by obstruction or perforation (Table 21-13). 

Diagnosis of esophageal disorders is based on the history 

clinical signs, and endoscopic or radiographic studies. The 
predominant clinical signs of an esophageal pathologic con¬ 
dition are regurgitation and dysphagia (Table 21-14). The 


masses. 


n 


a 


COMPLICATIONS 


i- 


Postoperative complications after salivary gland resection 
are uncommon but may include scronia formation, infec¬ 
tion, and mucocele recurrence. Seromas can form in the 
dead space created by removal of the glands. They are re¬ 
sorbed and do not need to be aspirated or drained. Infec¬ 
tion is rare if aseptic technique is used. Mucoceles recur 
The side of mucocele origin was misdiagnosed or if inade¬ 
quate gland was excised. Regional lymph nodes are some¬ 
times mistaken lor salivary glands. Dissection may be diffi¬ 
cult if the mucocele was previously infected or injected. 
Attention to anatomic detail during surgery should mini¬ 
mize recurrence and complications associated with salivary 
gland excision. 


to 




ti¬ 


lt 


)n 


* r 


TABLE 21-13 


Possible Surgical Diseases of the Esophagus 


Foreign bodies 

Tumors 

Perforation 


Hiatal hernia 


Fistulae 

Gastroesophageal intussusception 
Diverticula 

Cricopharyngeal achalasia 
* Strictures 


PROGNOSIS 


in rare cases a mucocele resolves without surgery. The prog¬ 
nosis is excellent if the disease is accurately diagnosed and 
excision is complete. 


□ 


Suggested reading _ _ 

Rellmger Gf Simpson Dj; Canine sialoeeles; 60 clinical cases, 

l$todAmmPracttt:m> 1992. 

Biiydefl P et al; Sialadenosis in dogs, / Am Vet Med Assoc 216: 872, 


TABLE 2 M 4 


Clinical Signs of Esophageal Disease 


Regurgitation 

Coughing 

Dysphagia 

Dyspnea 

Ptyalism 

Fever 

Altered appetite 


Brooks DC, Hottinger HA, Dunstan RW: Canine necrotizing 
sialomdaplasia: a case report and review of the literature, / Am 

Amm Hasp Asm 31:21,1995, 

Brown P] d al: Lipomatous infiltration of the canine salivary 
glands, / StnollAnm Pract 38:234, 1997. 
a i $Jer WI, Culbertson MR: Salivary gland disease in dogs and 
cats: 245 cases (1983d 988), J Atn Vet Med Assoc 198:465, 1991. 
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patient’s appetite may be normal, ravenous, or depressed. 
Regurgitation, ptyalism, and/or repeated swallowing at¬ 
tempts are common presenting signs. Undigested food may 
be regurgitated with either partial or complete obstructions. 
Partial esophageal obstruction causes progressive emacia¬ 
tion. Coughing, pulmonary crackles, mucopurulent nasal 
discharge, and/or fever suggest aspiration pneumonia sec- 
on d ary to regu rg it a t i on. 

Aspiration pneumonia should be treated aggressively be- 
fore esophageal surgery ( see below). Esophageal perforations 
may cause septic mediastinitis, evidenced by fever, pleural 
effusion, respiratory distress, and eventual death. Masses and 
foreign bodies may sometimes be palpated in the cervical 
esophagus. Distention of the cervical esophagus may occur 
with motility disorders. Compressing the thorax while the 
nostrils are occluded occasionally demonstrates cervical 

«r 

esophageal distention in animals with megaesophagus. Ab¬ 
normalities of prehension and swallowing, regurgitation, or 
vomiting may sometimes be noted by observing the animal 
while it is eating. Vomiting usually is preceded by salivation, 
retching, and abdominal contractions and may contain bile 
or digested blood. The diagnosis of foreign bodies or masses 
is suggested by the history, clinical signs, and physical exam¬ 
ination and confirmed by radiology, endoscopy, biopsy, or 

surgery. 

Diagnosis of esophageal disorders may require a variety 
of techniques. Plain radiographs of the esophagus extending 
from the caudal portion of the oral cavity to the stomach 
should be assessed for radiopaque foreign bodies, the size 
and location of the esophagus, periesophageal fluid 
densities, and aspiration pneumonia. In most normal dogs 
and cats the esophagus is 
ever, small amounts of swallowed air may be seen in the cra¬ 
nial cervical and cranial thoracic esophagus when dogs are 
restrained in lateral recumbency. Mediastinitis, pneumome¬ 
diastinum, or pleural effusion (or all three) suggests 
esophageal perforation. Contrast fluoroscopic examination 
of the esophagus is indicated if plain radiographs are nondi¬ 
agnostic. Fluoroscopic examination allows evaluation of 
swallowing, motility, and gastroesophageal sphincter func¬ 
tion. Barium paste usually provides improved detail, but liq¬ 
uid is safer if aspirated. Food mixed with barium may reveal 
some partial obstructions that would be missed with barium 

paste. 


cedure if a definitive diagnosis cannot be made by other 
means (p. 311). 

Treatment for aspiration pneumonia, esophagitis, and 

nutritional debilitation should be initiated before surgery 

(Table 21-15). For mild esophagitis, food and water should 
be withheld for 24 to 48 hours to reduce esophageal irrita¬ 
tion. Water should be offered first; if there is no regurgita- 

low-fat gruel, which speeds gastric emptying and re 
duces ret! ux, shouId be fed fo r 3 to 4 days. Soft food should 
be fed for an additional 5 to 7 days, and then the animal 
should be gradually returned to its normal diet. For severe 
esophagitis, oral intake of food and watcr may need to be 
withheld for 7 days or longer. Hydration should be main¬ 
tained with intravenous fluids; nutritional support may re¬ 
quire feeding via a gastrostomy tube (see p. 78). Oral feeding 
with a low-fat gruel should be Initiated as described for mild 
eso p hagit is a n d con t inu ed for 10 to 14 d ays. Feedi ng the an - 
imal with it standing on its hindlegs and with food elevated 
to mouth level may reduce regurgitation. Treatment with 
histamine-2 (TE) antagonists such as cimetidine, ranitidine, 
or famotidine (Table 21-16) is useful for reducing both gas- 


I TABLE 21-15 


Preoperative Management of Patients 
with Esophageal Disorders 


* Withhold food; Mature animals 
pediatric animals—4 to 8 hours 

* Correct fluid, electrolyte, and acid-base imbalances 

* Give prophylactic antibiotics (i.e 
cephalosporins) 

* Support nutrition 

* Treat esophagitis and aspiration pneumonia 


12 to 18 hours; 


not visible on radiographs; how- 


TABLE 21-16 


Treatment of Esophagitis 


Cimetidine (Tagamet) 

10 mg/kg PO, IV, SC, tid to qid 


Ranitidine (Zantac) 


2 mg/kg PO, IV, IM, bid 


or tohexoi if 


NOTE • Use 


Famotidine (Pepcid) 


aqueous 

esophageal perforation is suspected. Do not use bar 
turn in such cases. 


i 


0.5 mg/kg PO, sid to bid 


■ 


Omeprazole (Prilosec) 

0.7-1,5 mg/kg PO, sid 

Sucralfate* (Carafate) 

05-1,0 g PO, tid to qid 




Esophagoscopy is useful in diagnosing esophageal ob¬ 
struction, tumors, or inflammation. During esophagoscopy, 
mucosal lesions may be identified and biopsied, and foreign 
bodies can be removed or advanced into the stomach. Exces- 

never be used because the esophageal wall 
could be perforated. Esophagotomy or partial esophagec¬ 
tomy may be performed as a diagnostic and therapeutic pro- 


[ 


C 


*Corofate impairs absorption and/or reduces bioavailabilify of 
cimetidine; give at different intervals. 1 

PO t Oral; !V, intravenous; SC, subcutaneous; tid, three times a day,: 
qid, four times a day; bid, twice a day; sid, once a day. 


sive force should 


PC 


bit 











309 


Surgery of the Digestive System 


Chapter 21 


fense mechanisms. Expectorants (e.g., guaifenesin) occa- 

animais with productive coughs. 


trie acidity and esophageal mucosal damage if reflux occurs. 
However, omeprazole is needed in many patients with severe 
esophagitis. Sucralfate slurries may be administered to pro¬ 
tect denuded mucosa and reduce esophageal inflammation* 
Antibiotics effective against oral contaminants (e.g„ ampi- 
cillin, amoxicillin, clindamycin; Table 21-17) should be pro¬ 
vided. Concurrent corticosteroid therapy (he 
0.5 mg/kg given orally twice a day) may 
stenosis in animals with severe esophagitis; however, the 


sionaliy are used in 
Systemic antibiotic therapy is indicated in animals with pul- 

sepsis. Broad-spectrum antibiotics (or 


mo nary infection or 
combinations of antibiotics) effective against gram-negative 

and anaerobic bacteria should be used (e 


clindamycin or 

cefazolin plus either enrofloxacin, amikacin, or 
t r i m eth opr i m -s ul fad ia z i n e; 

therapy should be based on the results of culture and sensi 
tivity tests if possible« 


ampicillin or 


prednisone, 
reduce the risk of 


Table 21-17). Antibiotic 


see 


1 


benefit of this therapy is unproven. 

Treatment of aspiration pneumonia should be started be¬ 
fore esophageal surgery. If aspiration is observed while the 
animal is anesthetized, the airway should be suctioned to re- 

irritants. Fluid therapy is indicated if the animal is se¬ 
verely dyspneic or in shock. Nasal oxygen supplementation 
should be provided if the animal is severely dyspneic; posi- 

may be needed in unresponsive pa- 

aminophyDine, oxtriphylline, 


l 


ANESTHETIC CONSIDERATIONS 


and acid-base imbalances should be cor- 


Fluid, electrolyte 
reeled before induction of anesthesia. If feasible, mature an¬ 
imals should be fasted for 12 to 18 hours before esophageal 

however, young puppies and kittens may be tasted 


move 


S 


surgery; 

for shorter periods (4 to 8 hours) to prevent hypoglycemia 
Selected anesthetic protocols for patients in 
undergoing cervical esophageal surgery 
21-18. Procedures on the thoracic esophagus require modi¬ 
fication of general anesthetic protocols to accommodate 
compromised function of the respiratory and cardiovascular 

General recommendations for anesthesia in pa- 


d 


11 ve pressure ventiiati on 

lients. Bronchodilators (i.e 
terbutaline sulfate) may reduce bronchospasms and ventila¬ 
tory muscle fatigue in these patients (see Table 21 -17). Cor- 

prednisone (0.25 mg/kg given intra- 

r be beneficial if the animal is in 


T- 


stable condition 


:d 


are listed in fable 


th 


ie. 


tkosteroids such as 


s- 


venously twice a day) may 
shock or severely dyspneic; however, these drugs should be 

used with caution because they may interfere with host de- 


systems, 

tients undergoing thoracic surgery are provided on p. 760, 
A mechanical ventilator is recommended. Nitrous oxide 
should not be used after the thorax is open because shunts 
develop. During lateral thoracotomy large pulmonary 
shunts develop, because the “up lung" receives most of the 
ventilation and the “down lung” receives more perfusion. 
Shunts can be minimized by compressing the up lung and 

to 20 to 30 cm H 2 G. The tidal 


9 


TABLE 21-17 


Treatment of Aspiration Pneumonia 


Bronchodilators 
Amin op hyMn e 

Dogs: II mg/kg PO, IM, IV, fid 
Cots: 5 mg/kg PO, bid 

Oxtn'phy/fine elixir {Chotedyl SAj 

Dogs: 14-15 mg/kg PO, fid 
Cats: 6-8 mg/kg PO, bid to fid 


increasing inflation pressures 
volume (15 ml/kg) must be adequate to expand the lungs 
during thoracotomy. The inspiratory time should be kept 
between 1 and V/ 2 seconds, because a prolonged inspiratory 


TABLE 2 M 8 


Terbufdrne (Brethine, Bricanyl) 


Dogs. 1.25-5 mg/dog SC, PO, bid to tid 

Cats: 1,25 mg/cot SC, PO, bid 


Selected Anesthetic Protocols for Use in Animals 
with Cervical Esophageal Disorders 


Antimicrobials 

Ampicrffjn 


Pre medi cation 

Give atropine (0.02-0.04 mg/kg SC or IM) or glyco- 
pvrrelate (0.005-0.01 1 mg/kg SC or IM) 

(us oxymarphone* (0.05-0.1 mg/kg SC or IM) 
utorpbano! (0,2-0.4 mg/kg SC or IM), or buprenon 

phine (5-15 pg/kg tM). 

Induction 

Thiopental (10-12 mg/kg IV) or propofol (4-6 mg/kg IV). 
As an alternative, use a combination of diazepam and 
ketamine (diazepam 0.27 mg/kg plus 5.5 mg/kg keta 
mine IV) titrated to effect. 

Maintenance 

Give isoflurane, sevoflurane, or halothane. 


22 mg/kg IV, IM, SC, PO, tid to qid 


Clindamycin (Antirobe, Cfeoc/nJ 


or 


11 mg/kg PO, IV, bid 


Enrofloxacin (Bayfril) 


5-i0 mg/kg PO, IV, bid 


Amifrodn (Amfgfyde-V) 

1C mg/kg IV, IM, SC, tid or 30 mg/kg sfd 


Tri me th oprrm-s idf ad/azin e (Tribriss en) 


Dogs: 15 mg/kg IM, PO, bid 

Cats: 15 mg/kg PO, bid 


of 


*Use 0.05 mg/kg in cots. 

SC Subcutaneous; IM, intramuscular; \V f intravenous. 


P0. Oral; IM, intramuscular; IV, intravenous; tid , three times a 

day; SC, subcutaneous. 


□ day; 


Did twice □ day; qid, four times a 
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time may collapse alveolar capillaries and impede venous re¬ 
turn, The respiratory rate should be 6 to 10 breaths per 
minute. See p. 760 for recommendations for analgesics for 
patients undergoing thoracotomy* After induction of anes¬ 
thesia, suctioning secretions and ingesta from the obstructed 
esophagus may help prevent aspiration and minimize con¬ 
tamination of the surgical site. 


abnormalities at the base of the heart are approached using 
a right lateral thoracotomy and those cranial or caudal to the 
heart with a left cranial or caudal thoracotomy. The abdom- 

phagu s is approached througft a ventra 1 midline ce¬ 
liotomy. Hair should be dipped from the entire ventral cer¬ 
vical area for surgery of the cervical esophagus and from the 
entire hem it ho rax for approaches to the thoracic esophagus. 
The skin should be aseptically prepared for surgery* 


inal eso 


ANTIBIOTICS 


Approach to the Cervical Esophagus 


Perioperative antibiotics may be given to prevent infection 
of periesophageal tissues* Prophylactic intravenous antibi¬ 
otics should be given when anesthesia is induced and re¬ 
peated 2 to 3 hours later. A third dose may be given 8 hours 

after the second dose. Broad- spectrum antibiotics effective 
against anaerobes are recommended (i.e., 
it in). Animals with preoperative perforation or severe 
esophageal trauma should be treated with therapeutic an¬ 
tibiotics (see Table 21-17). Specimens collected from the sur¬ 
gical site or perforation should be submitted for bacterial 
culture and susceptibility testing* The duration of antibiotic 
therapy varies according to the source of infection and the 
contaminating organisms, but they generally should be con¬ 
tinued for a minimum of 2 weeks. 


Position the patient in dorsal recumbency (Pig, 21-36, A), frr- 

dse the skin on the midline, beginning at the larynx and ex¬ 
tending caudally to the manubrium , Incise and retract me 
platysma muscle and subcutaneous tissues ., Separate the 
paired sternohyoid muscles along the midline to expose fta 
underlying trachea (Fig , 21-36 , BJ r Retract the thyroldea mo 
vein with the sternohyoid muscle or ligate it if access to Ae 
caudal cervical esophagus is needed, separate and retrod 
the sternocephalicus muscles . Retract the trachea to the right 
to expose the adjacent anatomic structures, including fhe 
esophagus, the thyroid gland, the cranial and caudal thyroid 
vessels , the recurrent laryngeal nerve, and the carotid s/reof/i 
(vagosympathetic trunk , carotid artery, and internal jugular 

vein) (Fig. 21-36, C). Pass a stomach tube or 
stethoscope to facilitate identification of the esophagus and 
lesion * After completing the definitive pracedure f lavage ihi 
surgical site with warm sterile saline and return the trachea 
to its normal position . Close the incision by apposing /fie 
sternohyoid muscles using absorbable suture (3-0 or 4-0j in 
a simple continuous pattern. Appose subcutaneous tissues in 

4-0 absorbable si/- 


ampicillin, cefox- 


esophogd 


SURGICAL ANATOMY 


The cervical and proximal thoracic portions of the esopha¬ 
gus lie to lhe left of the midline; however, the esophagus lies 
slightly to the right of the midline from the tracheal bifurca¬ 
tion to the stomach. The layers of the esophageal wall in¬ 
clude the mucosa, submucosa, muscularis, and adventitia. 
The submucosa is the holding layer of the esophagus and 
must be incorporated with all sutures. The normal canine 
esophagus has linear mucosal striations throughout its 
length. The distal portion of the feline esophagus usually has 
circular mucosal folds that form a herringbone pattern with 
positive contrast. 


a simple continuous pattern with 3-0 
ture r Use nonabsorbable suture (3-0 or 4-0 monadic 
and on oppositional suture pattern to appose the skin. 


Approach to the Cranial Thoracic 
Esophagus via a Lateral 
Intercostal Thoracotomy 

Position the patient in right lateral recumbency over a roj'W 
towel placed perpendicular to the long axis of the body (Fig 
21 -37 f A). Choose the appropriate intercostal space incision 
based on the radiographic location of the abnormality (fig;, 

21-37 f B , C and D J. M o s t abnorma It ft es cron i al to the ktse 
of the heart can be accessed through an incisi 
third or fourth intercostal space (the technique for fhomtti 
to my is des cribed on p. 764). Ide n ti fy the esophagus m fta 
mediastinum dorsal to the brachiocephalic trunk (Fig. 213T\ 
EJ, Identification may be aided by passage of a stomad 
tube or by palpating the abnormality. Dissect the media 
pleura overlapping the esophagus to just above and m 
the proposed surgical site. Preserve the branch 
nal thoracic vein and the costocervical vein, which cross fa 
crania! esophagus. 

Approach to the Esophagus at the Heart 
Base via a Right Lateral Thoracotomy 

The approach is the some as that for the cranial esopfajJ 
except that the incision is made through the right fourifr or 


A 


Because the esophagus lacks 


NOTE • 


a serosa 


layer, early fibrin sealing of esophagotomy sites may 

than in other areas of the gas- 


e 


a 


occur more 
troinfesfmal tract. 


fr 


a 


S' 


The vascular supply of the cervical esophagus is from 
branches of the thyroid and subclavian arteries* Branch oe¬ 
sophageal arteries and segmental branches from the aorta 
supply the thoracic esophagus. The abdominal esophagus is 
supplied by branches from the left gastric and left phrenic 
arteries. Intramural branches ramify and anastomose in the 
submucosal layer. Collateral blood flow from the cervical 
and abdominal portions of the esophagus can provide the 
thoracic esophagus with adequate blood flow if the intra¬ 
mural esophageal vascular system is intact. 


A 


v, 


Pc 


* 
"■Wii* 


ot 


er 




int 


SURGICAL TECHNIQUES 


Ex 


t 


Abnormalities of the cervical esophagus are approached us¬ 
ing a ventral midline cervical incision* Thoracic esophageal 


Ide 
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FIG 21-30 

Approach to the cervical esophagus. A, Position the patient in dorsal _ 

neck resting on a rolled towel, B, Incise the skin from the larynx to the manubrium ^ 
separate the sternohyoid muscles to expose the trachea, C, Retract the trachea to the right 
to expose the esophagus, thyroid, carotid sheath, and recurrent laryngeal nerve. 


bency with the 


SLf" 


rec u m 


and 


enfj 


branches 


2 I -39, BJ. Identify the dorsal and ventral vagal nerve 
the la feral aspect of the esophagus and protect them. 


fifth intercostal space (Fig. 21-38, A and BJ. Identify the 

esophagus, located just dorsal to the trachea in the medi¬ 
astinum (Fig. 21-38 , C Dissect and retract the azygous vein 
from the esophagus to allow adequate exposure. Ligate the 
azygous vein if necessary to adequately expose the esopha¬ 
gus, Closure is the same as for cranial thoracotomy 


oiled 


on 


ishn 


Esophagotomy 

Pack off the 


t 


phagus from the remainder of the field with 

moistened laparotomy pads. Suction material from the 
nial esophagus before making the esophagotomy incision to 
minimize contamination of the surgical site . if ingesta and 
secretions have not been completely suctioned , occlude the 
lumen cranial and caudal to the proposed esophagotomy 

site with fingers or n 
adjacent to the proposed incision 
nipulotion, and avoid trauma to 

Moke a stab incision into the lumen of the esophagus and 

the incision longitudinally as necessary 
foreign body or observe the lumen. Make the incision over 
the foreign body if the esophageal wall appears normal, if 

II appears compromised , make the incision caudal 
to the lesion or foreign body. Remove foreign bodies with 

forceps , taking 


base 


left 


re 


■ra co - 
rn the 

1-37, 

jmach 

35hna( 

be/ow 

i rnfer- 


Approach to the Caudal Esophagus 
via a Caudal Lateral Thoracotomy 

Position the patient in lateral recumbency 
above for crania/ faferof thoracotomy. Perform a caudal lot- 

ml thoracotomy 21-39 , A }. 


described 


oncrushing forceps. 


stay sutures 


site to stabilize f aid 


the esophageal edges 




be appto a ched 
or right eighth or ninth 


Although the caudal esophagus 
through an incision in either the le 
ntercGStal space, the left ninth space is preferred 


ca n 


the 


to remove the 


ex 


rt 


the w a 


phagus by transecting the pulmonary 
and packing the caudal lung lobes cranially. 

hich is just ventral to the aorta (Fig. 


Expose the caudal eso 


phagus 


to ovoid further esophageal trauma 


Identify the esophagus 


or 
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FIG 21-37 

Approach to the cranial thoracic esophagus. A, Position the 

recumbency over a 

B, Select the appropriate incision site based on 

Identify and transect the latissimus dorsi muscle. C 7 Identify and transect 
serratus ventralis and scalenus muscles. D, Expose and incise the intercostal muscles, 
E, Position rib retractors and identify the thoracic viscera. 


atient in right lateral 
e long axis of the body, 
the radiographic location of the lesion. 

or retract the 
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FIG 21-3ft 


at 


incision through the right 


fifth intercostal space. Identify 


or 


atissimus dorsi, serratus ventra is 


* 


scalenus, and externa 


bdominal oblique 


mu 


a 


1 - 


B, Incise 


muse es. 


the thoracic viscera. 


vena cava 






artery and vein 


Internal thoracic 




FIG 21-39 


in right 


lateral recu 


F 


an ei 


incision. A, 


and transect or retract the latissimus 


/ 


cranial serratus dorsalis, 


abdominal oblique, and intercosta 


B , Identify the diaphragm and 


muscles 


i 


other thoracic viscera. 
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(tearing or perforation). Examine the esophageal lumen. Oh 
tain culture specimens from necrotic and perforated 


sure integrity hy occluding the lumen , injecting saline, ap¬ 
plying pressure , and observing for leakage between s u/ures. 

Portia) Esophagectomy 

Esophagectomy is performed to remove devitalized or 
eased esophageal segments. Periesophageal tissues must be 
dissected from around the abnormal area to allow resection 
of diseased tissue and mobilization of normal esophagus; 
however, extensive dissection should be avoided to preserve 
vasculature. Excessive tension along the anastomosis may 
cause dehiscence* Although 20% to 50% of the esophagus 
has been resected and primarily anastomosed without ten¬ 
sion relieving techniques, resection of more than 3 to 5 on 
risks anastomotic dehiscence* Partial myotomy is recom¬ 
mended to relieve anastomotic tension when resecting large 
segments of esophagus (Fig. 21-41)* Circumferential 
otomy is a partial thickness myotomy through the longimdi 
nal muscle layers 2 to 3 cm cranial and caudal to the anasto¬ 
mosis. The inner circular muscle layers are not incised to 
avoid damaging the submucosal blood supply. Injection of 
saline into the muscularis may aid identification of the dif¬ 
ferent muscle layers. The myotomy gap heals by second in¬ 


areas. 

Debride and close perforations surrounded by healthy tissue 
that involve less than one fourth the circumference of the 
esophagus. Identify' large necrotic 


or extens i ve per fora - 
tion s and perform a resection and anas tom o$ is (see below). 


1 ■ 


•- 


Esophagotomy incisions may be closed with 
two-layer closure. A two-layer simple interrupted closure re¬ 
sults in greater immediate wound strength, better tissue ap 
position, and improved healing alter esophagotomy but 
takes longer to perform than single-layer techniques 

each suture approximately 2 mm from the edge and 2 
mm apart. Incorporate the mucosa and submucoso in the 
first layer of a two-layer simple interrupted closure. Place 
tyres so that the knots are within the esophageal lumen (Fig. 
21 -40 f A and BJ, incorporate the adventitia , muscularis , and 
submucosa in the second layer of sutures with the knots tied 
extraluminally (Fig. 21-40 , C/* When 

used , pass each suture through oil layers of the esophageal 
wall and tie the knots on the extraluminal surface. Check do 


a one- or 
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a one 
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FIG at-40 

Esophagotomy closure. A and Close the mucosa and submucosa with simple interrupted 
sutures so that the knots are intraluminal* C, Appose the adventitia and muscularis with 
second layer of simple interrupted sutures oriented with extraluminal knots. 
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cosa and submucosa of fbe ipsiiateral wall [Fig. 21-43, C ), 
and (4) oppose fbe adventitia and musculcns of the ipsiiat 
erat wall (Fig. 21-43 , DJ. Check the integrity of the closure 
by occluding the lumen,, injecting saline, applying pressure, 
and observing for leakage between sutures. 


dilatation. Mobilizing the stom 


tention without stricture or 
ach cranially through an enlarged esophageal hiatus can also 

help reduce tension across the anastomosis. Other tension 

relieving techniques include interruption of the phrenic 

sutures between the esopha- 




nerve and pla 

gus and the prevertebral fascia. Esophageal replacement may 

be necessary if segments of more than 3 to 5 cm are resected 

have been described, includ 


end-to-end circular stapling 
time and contamination of the 


As an alternative, using an 

device may reduce operating 

gical held, but this technique may have a greater potential 

to cause stricture formation. 


P 


Malty replacement techniques 
ing microvascular anastomosis ot the colon 
tine to the esophagus, gastric tubes, skin tubes, and various 
prostheses. Replacement of the esophagus requires special 
bed training, techniques, and equipment. 


or small intes- 


sur 


P 


in the cranial esophageal rem 

tring around the in 


■ 


Place a purse-string suture 
nont Insert the anvil and tie the purse 
strument shaft. Place a second purse-string suture around the 

d secure it. Appose the esophageal 

j nut. Activate the insfru- 

rotaftngf motion, Close the 

wtili a 


> 


s 


i 


occlude and stabilize the esophagus 

i of middle and index fingers) 
Resect the diseased portion of the 


For esophagectomy, 

wi'tfi fingers (scissor action 
noncrusiring forceps. 

esophagus (Fig. 21-42). Suction debris from the lumen of the 
remaining esophagus. Place three equally spaced stay 

fives at each end of the remaining esophagus to facilitate 

gentle handling of the esophagus 

and alignment of the transected ends (see Fig, 21 42). 

phageal ends into apposition with the stay 

two - layer 


distal resection site an 

ends by tightening the stapler's wing 

ment and then remove it with a 
access incision for placement of the stapling device 

linear stapler fp. 378 J, 


or 


e 


b 


L- 


5U- 


Y 


:o 


nd help maintain oppa- 


a 


Support or Patching Techniques 


fi 


sihon 


f- 


esophagectomy sites 


Augmentation of esophagotomy 
with omentum or muscle can aid healing by supporting, 

vascularizing the surgical site. Muscle pedicles 


or 


E ring fh e es o 

lures and su tore tiie ends together using 
closure as described for esophagotomy Place sutures i 

tralateral (far) wall first and then in the more l 

two-layer closure , ap 


j 


n- 


sealing, and re 

from the sternohyoid, sternothyroid, intercostal, diaphragm 

be mobilized and sutured over the 


rn 


accessible 


con 


or epaxial muscles can 


ipsilateral fneorj wolf When using 
pose ffie esophagus in the following four steps. (1 j oppose 

(fie advent;Ho and rbuscularis of the contralateral wall 
around approximate// one ha/f of the esophageal ciicumfei " 
(Fig. 21 -43. A); (2) appose the mucosa and submucosa 
of the contralateral wall (Fig. 21-43, B); (3) appose the mu- 


a 


esophageal defect (Fig. 21-44, A). As an 

be mobilized from the abdomen 


primary repairer 

tern alive, omentum can 
brought through a rent in the diaphragm, and sutured over 

the esophageal site (Fig. 21-44, B). Pedicles from the gastric 
all and pericardium have also been used. 
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Cranial circumferential 
myotomy incision 
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FIG ai-41 . , « . , 

Tension relieving esophageal myotomy is performed l to J 


cranial and caudal to the 


anastomosis. 
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FIG 21-42 


For partial esophagectomy, occlude the esophageal lumen with noncrushing forceps and 
mobilize and resect the diseased esophagus. Place stay sutures to manipulate the 
esophageal ends (insetj « Anastomose the ends as shown in Fig* 21-43* 
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FIG 21-43 

During partial esopha 
procedure. A, First, appose t 

interrupted sutures and extraluminal knots. B, Second, appose the submucosa ana mucosa 
on the far side with simple interrupted sutures using intraluminal knots, C, Third, appose the 
near-side submucosa and mucosa. D, Last, appose the near-side muscularis and adventitia 
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, appose the ends with two layers of sutures in a four-step 
e adventitia and muscularis on the far side with sim 
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FIG 21-44 

Patching the esophagus. A, Mobilize muscle adjacent to the esophagus and suture it over 
esophageal incision to create an esophageal patch. B, As an alternative, mobilize 
omentum from the greater curvature of the stomach, pass it through 
diaphragm, and suture it over the esophageal closure to create an omental patch. 


on 


an incision in the 


Isophagastomy 

Feeding tubes placed in the mideervical esophagus are asso¬ 
ciated with fewer complications than pharyngosTomy or na- 
so gastric feed mg t ubes. (’ Fh e t ec h n iq nes fo r e so p h a go s to my 
:ubc placement are described on p. 75), Tubes are positioned 
rostral to the gastroesophageal junction to reduce gastroe¬ 
sophageal reflux. Ostomy wounds heal by second intention 
alter removal of the tube without evidence of stricture 
esophagocutaneous fistula. 


interfere with healing and must be overcome with good 
surgical technique. Although large segments of the esoph¬ 
agus have been resected successfully, the esophagus does 
not tolerate longitudinal stretching well and may dehisce if 
tension is excessive. Complications, particularly dehis¬ 
cence, stricture, and fistulation, are common after 
esophageal surgery The high complication rate has been 
blamed on the lack of serosal covering, lack of omentum, 
segmental blood supply, constant motion, and distention 
with passage of food boluses. Careful surgical technique 
and patient management can minimize most of the possi¬ 
ble complicating factors. 


or 


HEALING OF THE ESOPHAGUS 


Hie esophagus is subject to constant movement from 
swallowing and respiration. This continuous motion may 
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Soft Tis a ue Su rge ry 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


TABLE 21-19 


In addition to a general pack, other requirements may in- 

.e. t noncrushing Doyen forceps), deli¬ 
cate hemostats (be., Adson), Metzenbaum scissors, retractors 

cervical approach, Gdpi retractors; for the thoracic 
approach, Finoehietto retractors; malleable retractors), and 
tubes (chest tube, gastrostomy tube, stomach tube). A suction 
unit and laparotomy pads should also be available. Surgical 
stapling equipment (e.g., linear stapler, circular end-to-end 

pier, skin stapler) is ben¬ 
eficial but optional. Monofilament absorbable suture (poly- 
dioxanone, polyglyconate, or poliglecaprone 25 with a 

needle) and nonabsorbable suture 
(polypropylene, nylon with a reverse cutting needle) (3-0 or 
4-0) are recommended in the esophagus. 


Client Education and Communication 


cl u de sp e c i al fo rceps (i 


* Regurgitating or vomiting can cause aspiration pneumo¬ 
nia, which can be fatal if not control led. 

* Surgery may not resolve all clinical signs of esophogea 

disease, 

* Preventing oral intake, tube feeding, or elevated feed 
ing may be necessary. 

* Esophageal healing is poor compared to other parts of 
the gastrointestinal tract; therefore leakage, infection, 
dehiscence, and stricture 

* Foreign bodies may perforate the esophagus or great 
vessels during extraction, with fatal results. 


stapler, ligate-and-divide vascular sta 


are more common. 


swaged-on taper point 


• Dogs should not be fed bones. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


SPECIAL AGE CONSIDERATIONS 


i 


After esophageal surgery, analgesics should be provided 
described lor thoracotomy patients on p. 760. Air and fluid 
must be evacuated via a thoracostomy tube or needle thora¬ 
centesis after thoracic procedures. Unless periesophageal 
thoracic infection is anticipated, thoracostomy tubes gener¬ 
ally can be removed within 8 to 12 hours after esophageal 

surgery. Nasal oxygen may benefit animals after thoraco¬ 
tomy (see Table 5-4 on p. 21). 

Oral intake should be withheld for 24 to 48 hours. Intra¬ 
venous fluids should be continued until oral intake resumes. 
Water may be offered 24 hours postoperative!}' if the esopha¬ 
gus is in good condition and regurgitation or vomiting does 
not occur. Blenderized food (gruel) may be offered during the 
next 24 hours it no vomiting or regurgitation occurs after wa¬ 
ter consumption. Blenderized food should be continued for 5 
to 7 days, and then the animal should be gradually returned to 
its normal diet over the next week. If oral intake is not antici- 


Care must be used in 

esophageal surgery Surgery is often performed 
with persistent right aortic arches (see p. 334) or hiatal her¬ 
nias (see p. 326) at 8 to 16 w r eeks of age. Perioperative hy¬ 
pothermia and hypoglycemia are common problems in 
these pediatric patients and may be life threatening. 


anesthetizing young animals for 

in animals 


as 


c 


or 


v 


K 


e; 


P 


Sug g ested readin g 

Oa kes M G e t al: Es oph ago to m y d osure i n the dog: a co mparison of 
a double-layer appos itional and two single-layer apposition*! 
techniques, VetSurg 21:451,1993, 

Pavletic MM: Stapling in esophageal surgery, Ue/ Clin North Am 
Small Anim Pract 24:395,1994. R 


c 


CO 


th- 


eig 


Ca 


ha 1 


ho 


pated or possible within 48 to 72 hours after surgery, feeding 
should be performed via a gastrostomy tube (see p. 78). 

Esophagitis and aspiration pneumonia should be treated 
as described in the discussion on preoperative considera- 

esophageal surgery should 

be closely monitored for fever and neutrophilia, which 
indicate infection s 


ESOPHAGEAL FOREIGN BODIES 


mu 


DEFINITION 


308). Pat i e nts u ndergoin g 


Foreign bodies are inanimate objects that may cause ob¬ 
struction or partial obstruction of the esophageal lumen. 


clin 

salii 

defr 

som 


may 


ondary to leakage. Dysphagia and 
gurgitation that occur 3 to 6 weeks after surgery may Indi¬ 
cate the formation of an esophageal stricture. It is extremely 

clients be informed of possible com plica- 


re- 


SYNONYMS 


Foreign masses, foreign objects 


important 

ti on s be fo re a n d aft e r s u rgery (Tab le 21-19). 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


COMPLICATIONS 


Infection, regurgitation, pneumonia, esophagitis, dehis¬ 
cence, fistula, stricture, and 


The most common foreign bodies found in the esophagi of 
dogs and cats are bones, although sharp metal objects (e.g., 
needles and fishhooks), rawhide chew toys, balls, string, and 
an assortment of other objects have lodged there. Foreign 
bodies lodge i n the esophagus because they are too large to 
pass or they have sharp edges that become embedded in die 
esophageal mucosa. Foreign bodies are most commonly 
found at the thoracic inlet or the base of the heart or in the 


w her 

Esop 

impii 


recurrence of disease are possi¬ 
ble complications of esophageal surgery Common 

treating esophageal disorders include failure to immediately 
identity an esophageal foreign body failure to recognize an 
esophageal perforation, failure to control esophagitis, seiec- 

appropriate surgical approach, and failure to 
patch or support the esophagus appropriately. 


errors in 


necrc 


tion of an in; 


and i 

Febrile 
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poYolemk shock can occur ii a foreign body penetrates a 
major vessel adjacent to the esophagus. A history ot being 
fed bones, getting into garbage, or roaming is consistent with 

foreign body ingestion. 


because extraesophageal struc- 


epiphrenic (diaphragm ) area 

phageal dilatation at these sites. The persist 

ence of a foreign body (acting as 

stimulates peristaltic activity. If the foreign body remains at 

waves over 


lures limit eso 


bolus) in the esophagus 


location for several days, repeated peristaltic 

pressure necrosis of the mu- 


one 


NOTE * Make sure to differentiate between vomit 
ing and regurgitation in affected animals. 


may result in 


the foreign body 

submucosa, and external layers of the esophageal wall 

results and interferes with 


3ol 


cosa 


at contact points. Esophagitis 
esophageal motility and lower 
sure. Food that does not pass 


esophageal sphincter pres 


Physical Examination Findings 

Most patients are normal to slightly depressed and dehydrated 
physical examination. 1! the foreign body is lodged in the 
cervical esophagus, it may sometimes be palpated. Poor body 
condition may be a factor if the patient has been anorexic or 
regurgitating for several weeks. Abnormal lung sounds 
auscultated in patients with aspiration pneumonia. 


the obstruction accumulates 


of 


p roxim a 1 esophageal 


and may be regurgitated or may 
distention. Distention disrupts normal neuromuscular func- 
and reduces peristalsis. Esophageal perforation is possi- 

animal with an esophageal foreign body, and 

possible sequela in 


cause 


on 


it 


non 


ble in any 


aspiration pneumonia (see p. 308) is 

animals with regurgitation. 

Sharp objects may abrade or lacerate the esophageal mu¬ 
cosa, causing irritation and inflammation of the underlying 
tissues (esophagitis). Sharp objects may also perforate the 
esophageal wall and allow bacteria, ingest a, and secretions to 
contaminate the periesophageal tissues. Occasionally sharp 
objects perforate the esophageal wall and one ol the great 

vessels at the base of the heart, causing severe hemorrhage. 

penetrate the esophageal wall and 


Radiography, Ultrasonography, 

and Endoscopy 

Most foreign bodies (99%) are identified on good quality 

radiographs (Fig. 21-45). Foreign bodies usually 


Is for 

umals 
il her- 
ve by 


are 


plain 

found at or cranial to the thoracic inlet, the base ol the heart 

(approximately 10%), and the diaphragm (approximately 

85% ). In addition to the foreign body there may be an adja¬ 
cent soft tissue density, and a dilated, air-filled cranial esoph- 

. Pneumonia and tracheal distortion may 


Foreign bodies 

establish a fistula with the trachea, bronchi, pulmonary 


ms in 


agus may be seen 
also be present. Patients should be closely examined for signs 

of subcutaneous emphysema, pneumomediastinum, pleural 

pneumothorax, which suggest esophageal perlo- 
, Esophagrarris sometimes are necessary to identity 
foreign bodies and perforations. Water-soluble, organic, io¬ 
dine contrast materials or iohexol are 
esophageal perforation is suspected. However, it a bronchoe- 
sophageal fistula is suspected, an iodinated contrast agent 
should not be used because its hypertonicity may cause pul¬ 
monary edema. The presence of a foreign body may mask 
identification of a perforation during an esophagram. For 

eign bodies can also be diagnosed endoscopic ally. 


parenchyma, or skin 


DIAGNOSIS 

Clinical Presentation 


rison of 
isitional 


T or 


Signalment, Indiscriminate eaters (dogs) are 

commonly affected than more particular eaters (cats). Al¬ 
though any breed of dog or cat may have an esophageal for¬ 
eign body, small-breed dogs are more frequently affected. 
Cats, having a tendency to play and hunt, more commonly 
have string or needle foreign bodies than bones. Foreign 
bodies may occur in an animal ot any age but are most coen¬ 
during the first 3 years of life. 

History, Animals may be presented for treatment within 

minutes of foreign body ingestion or weeks later. An acute 

onset of dysphagia or regurgitation (or both ) are the initial 

, excessive 


m o re 


irth Am 


re co m men d ed i 1 


m 


clinical signs. Other signs may include gagging 
salivation, retching, inappetence, restlessness, depression, 
dehvdration s and respiratory distress. Clinical signs vary 
Somewhat depending on the duration, location, and type of 
obstruction. Patients with acute obstructions generally show 

regurgitate soon after eating. 


arise ob- 


imcn. 


excess salivation and gag or 
Weight loss and emaciation sometimes are seen in patients 

with long-term esophageal obstruction. Patients with com¬ 
plete obstruction regurgitate both solids and liquids, 
whereas those with partial obstruction may retain liquids. 
Esophageal pain may cause anorexia. Foreign bodies that 
impinge on the upper airways may cause acute respiratory 

those that have caused 


sophagi of 
jeefs (e.g., 
itring, and 

e. Foreign 


distress, Sharp foreign bodies 


or 


s al i va and i n - 


necrosis of the esophageal wall allow leakage of 
gesta into the surrounding tissues, causing 
and infection. These patients are 
febrile, and/or dyspneic as a result of pleural effusion. Hy- 


:>o large to 


inflammation 


flG 21-45 

Lateral thoracic radiograph showin 
body at the base of the heart in a dog. 


Ided in the 


likely to be anorexic. 


commonly 

in the 


rt or 













320 PART III 


Soft Tissue Surgery 


SURGICAL TECHNIQUE 


NOTE * If available, endoscopy generally is of 
greater value than barium contrast studies 
nosing esophageal foreign bodies. 


Foreign bodies may be removed by extracting them endoscop- 
ically with grasping instruments or by using a balloon catheter 
as described below, advancing them into the stomach, where 
they can be allowed to dissolve or removed by gastrotomy (see 

p. 339). They also can be removed by performing an esophagi 
tomy or a partial esophagectomy (see p. 314). 

An alternative to grasping the foreign body is to pass aba] 
loon catheter distal to the object (Fig. 21-46), The esophageal 
lumen is then dilated beyond its normal size by inflating the 
balloon, and the object is disengaged from the esophageal 
wall by endoscopic manipulation if necessary and removed & 
the catheter is pulled out through the mouth. This procedure 
is advisable only for foreign bodies with a relatively smooth 
contour. After nonsurgieal foreign body removal, radi 
□graphs may be taken to look lor evidence of perforation 
(e.g., pneumomediastinum and pneumothorax). 

Foreign bodies may be advanced into the stomach where 
they are allowed to dissolve, or they may be removed by gastro- 

ean be removed by performing an 
eso ph ago tomy or a partial esophagectomy (see p. 314), Distal 
esophageal foreign bodies occasionally are removed byagastro- 
tomy. An incision is made 

lesser curvature, a forceps is directed into the distal esophagus. 

and the object is grasped, pulled into the stomach, and re¬ 
moved. An esophagotomy or 

formed when foreign bodies cannot be removed by other 
means, 


in drag- 




Laboratory Findings 


With acute obstructions the laboratory findings 
Perforation usually causes 


are normal. 

neutrophilic leukocytosis. Hy 

poglycemia may be seen in young patients that are unable to 
eat or in septic shock (or both). 


a 


DIFFERENTIAL DIAGNOSIS 


Vascular ring anomalies, extraluminal masses 
neo p 1 as i a, s trictu res, 


esophageal 

esophagitis, gastroesophageal intussus 
ception* esophageal diverticula, hiatal hernias 
gus, and 


* 


megaesopha- 

cricopharyngeal dysfunction are other possible 
causes of regurgitation that must be differentiated from 
esophageal foreign bodies. 




tomy (see p, 339). They also 


SURGICAL TREATMENT 


Most esophageal foreign bodies (80% to 90%) 
cess fully removed by 

scopic procedures the neck is extended and the esophagus 
is insufflated carefully to avoid rupturing weakened areas 
causing tension pneumothorax. Forcing an object that 
firmly embedded in the esophageal wall is contraindicated 

because doing 

a preexisting perforation. Embedded fishhooks 
ception to this policy; however, care must be taken to avoid 
lacerating vessels during their removal. Surgical removal of 
esophageal foreign bodies should be elected if the book is 
deeply embedded, embedded at the base of the heart, 
obscured by ingesta. After removal of the foreign body by 
endoscopy or gastrotomy, the esophagus must be reevalu 
ated for evidence of perforation. This 
endoscopic evaluation 
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sue- 


nonsurgieal means. During enjo¬ 


in id way between the greater and 


or 


B 


a partial esophagectomy Is r 


is 


may cause perforation or enlargement of 


i 


so 


when tiie risk of esophageal perforation or laceration is 
high, or when there is evidence of mediastiniiis, pleuritis, or 
esophageal necrosis. All esophageal disruptions are debrief'd if 
necessary and closed in one or two layers 
Abnormal communications between the alimentary and respi¬ 
ratory tracts (Le., bronchoesophageal or tracheoesophageal tiv 
tula) must he closed. Partial or complete pulmonary lobectonv, 
(see p. 764) is required with some bronchoesophageal fistuk, 


are an ex- 


for esophagotom 


as 




is done by careful 
or radiography or both. Perfora 
tions generally should be managed with debridement and 
surgical closure (see p. 311); however, small perforations 
occasionally may be allowed to dose on their own. 
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Preoperative Management 

Therapy to correct dehydration and electrolyte and acid- 
base imbalances should be initiated before 
lactic antibiotics should be given (see p. 310). 

Anesthesia 

Anesthetic management of patients undergoing 
surgery is described on p. 309. Deep general anesthesia 
muscle relaxants that reduce esophageal tone facilitate endo¬ 
scopic manipulations. Nitrous oxide should not be used in 
these patients. Animals with pneumonia should be given 
oxygen before induction of anesthesia, and frequent ventila 
tion and high inspired oxygen concentrations should be 

used during surgery. 

Surgical Anatomy 

The surgical anatomy of the esophagus 


r j 


u 








SI- 


■ ■ 




X 


u 


■ 


h 


*1 


■ 


VJf 


% 


A 


¥ 


A 


1 


A 


I 


A 


■ . 




Balloon 


i 




“SI 


i 


■ i 






\ |. A 


I 


I 


k 


SI 


3 


I 




■a 


surgery, Prophv 


Si 




p 


"H 


s 




VSL 






stE 


b 


A. 




R 


■ 


rV 


N 


■ 


i 8 Hr 


k 


r 


I 


■ 




a 


if 


I 




- 


Pm 






. 




• I. 


N - 


fa 




I 


■Li". 




% 




esophageal 


S 


■ 


... 


r i 


■"k 


Is¬ 


olated 

balloon 

catheter 


p 


A 


■ r i 


s 


N 


I 


i a 




D i 


S 


V 


or 




k 


■ 


V 


I ■■ 


af 


s 


■ II 


<; 


/ 








. 


I i 


■ 


A 


IV 


11 


iV A 

r 1 W 


■ 




in 


! 


s 


cv 


-r 


! 


■ 


Iff. 


I 








1 


.A 


n 




■ * 


in 


V 


■ b 


■ I 


1.1 




■ 




. i" 8 


% 


«i 


A 


I 


k J 






■ I 1 


HI.. 


i 


r-.' / ' r 


§ 


\ 


A 


5t 


\ 




I 


IrV ■ 


FIG 21-46 


t 


Smooth esophageal foreign bodies can be removed by 
balloon retraction. Pass the catheter distal to the foreig 
body, then inflate the balloon and withdraw the catheter a"d 
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is described on p. 310. 
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Chapter 21 Surgery of the Digestive System 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENT 


ESOPHAGEAL STRICTURES 


When dilating an esophageal stricture, balloons specifically de¬ 
signed for use in the esophagus should be used (e.g., Rigiflex 
OTU balloon dilation catheter, Microvasive, Boston Scientific 
Corp „ Wate rtown, Mass.). 


DEFINITION 


Esophageal strictures are bands of intraluminal or intra¬ 
mural fibrous tissue that may completely or partly obstruct 
the esophagus. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


SYNONYMS 


1 


Esop 1 1 agea l steno sis, esoph age a I e i ca t rix 


All patients should be observed carefully for 2 to 3 days for 


infection. Esophagitis and as¬ 


signs of esophageal leakage and 


l 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


piration pneumonia should be treated as described on p, 308. 
Antibiotics should be continued for several days it the 
esophageal mucosa is severely eroded or lacerated. Intravenous 
fluids should he continued until feeding resumes. To avoid de- 
lavs in healing, all oral intake (food, water, medications) should 
be withheld for a minimum of 24 hours after removal of the 


s 


e 


h 


Esophageal strictures may occur as a result of esophageal for¬ 
eign bodies, surgery esophagitis, trauma, or caustic agents. 
Stricture occurs more commonly after circumferential 
esophageal trauma. To produce a stricture, esophageal dam¬ 
age must involve the muscular layers and affect most ol the 
circumference in a focal area. The mucosal defect is then re¬ 
placed by epithelial migration. The gap 
by fibrous connective tissue, and the width of the scar is re¬ 
duced by wound contraction and collagen remodeling. This 
leads to narrowing of the esophageal lumen and may cause 
obstruction. The degree of obstruction varies, depending on 
the severity of the original lesion. Peristaltic waves carrying 
food boluses are disrupted by the obstruction. In cases ol 
partial obstruction, part of each bolus passes the obstruction 
and moves down the esophagus. The other portion of the 
bolus accumulates proximal to the obstruction, and the 
proximal esophagus gradually distends. The distention dis¬ 
rupts normal neuromuscular function and reduced peri¬ 
stalsis. The accumulated food and secretions frequently are 
regurgitated. 

Gastroesophageal reflux may occur during general anes¬ 
thesia when protective mechanisms are diminished and the 
gastroesophageal sphincter loses tone. Gastric acid can 
age the esophagus severely if not neutralized by saliva or re¬ 
moved by peristalsis within a few minutes. Signs of regurgi¬ 
tation may become evident within a few days or weeks after 
surgery because of stricture formation. 


L- 


n 


foreign body. If no regurgitation is seen, water and then a bland 
gruel should be introduced gradually Animals with minimal 
esophageal traumam ay h e oftere d wat er wi th i n 24 to 4 8 ho u rs, 
followed by small meals of gruel. After 3 
ing, soft, moist food should then be offered for 5 to 7 days, fol¬ 
lowed by a gradual return to a normal diet. Animals with mod¬ 
erate to severe esophageal trauma should avoid oral intake tor 
3 to 7 days. In debilitated patients or those requiring no oral in¬ 
take for longer than 3 days, gastrostomy feeding tubes should 

be placed (see p, 7 8), Severe esophagit is shoul d be treated with 

H-antagonists or proton pump inhibitors to reduce gastric 
aridity and with sucralfate to protect denuded mucosa. Antibi¬ 
otics effective against oral anaerobes (ampiciliin, amoxicillin, 
clindamycin; see Table 21-17 on p, 309) are indicated, and cor¬ 
ticosteroids may help prevent cicatrix formation. Analgesics 
may be necessary to control pain t 
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in the muscle is filled 
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l is 


or 


d if 
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spi- 


see fable 21-4), 


fis- 


>my 

dae. 


COMPLICATIONS 


Complications of foreign body removal include esophagitis, 
ischemic necrosis, dehiscence, leakage, infection, fistulae, 
esophageal diverticula, and stricture formation. Esophageal 
perforation may lead to mediastimtis, pleuritis, and pyothorax. 
Prolonged duration of clinical signs and increased numbers of 
immature neutrophils may suggest esophageal perforation; 
however, perforation is best diagnosed radiographically. 


DIAGNOSIS 

Clinical Presentation 

Signal merit. Any age, breed, or gender of dog or cat 


PROGNOSIS 


Removal of a foreign body is essential. The prognosis is good 
if perforation has not occurred; however, it is guarded if per¬ 
foration has resulted in mediastinitis or pyothorax ( or both). 
Ischemic necrosis or perforation of the esophagus may occur 
after foreign body removal. Leakage of saliva and ingesta 

n to the mediastinum or pleural cavity usually causes severe 
inflammation, infection, and death. 


may 


History* Regurgitation is the most common presenting 
sign, and stricture should be suspected in animals experi¬ 
encing frequent regurgitation with a history ol previous 
esophageal trauma or surgery. Some animals retain fluids 
but regurgitate solids. Pain may be experienced when solid 
food becomes lodged in the stricture by forceful esophageal 
peristaltic waves. 

Physical Examination Findings 

Although animals with esophageal strictures may be thin 
and depressed, the physical examination usually is normal. 
Occasionally the cervical esophagus is dilated. 


Suggested reading 

Michels GM et fo: Endoscopic and surgical retrieval of fishhooks 
from the stomach and esophagus in dogs and cats: 73 cases 
11977-1993), }Am WMed Assoc 207:1194, 1995. 

Spielman BL, Shaker l H, Garvey MS: Esophageal foreign body in dogs: 
a retrospective study of 23 cases, / Am Anim Hasp Assoc 28:570,1992. 
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Soft Tissue Surgery 


quired. Laser incision of the scar tissue at several sites 
around the circumference is an alternative to dilatation. Par¬ 
tial esophagectomy usually is not necessary and may not be 
possible, depending on the length of the stricture. Resistant 
cervical strictures may be corrected by the creation of a trac¬ 
tion diverticulum. 


Preoperafive Management 

Animals should be fasted before esophageal dilatation. Treat 
ment 


aspiration pneumonia should be 
initiated before stricture treatment if necessary (see p. 308b 


esophagitis 


Anesthesia 

General anesthesia is required for esophageal dilatation or 
bougienage. Recommendations for anesthesia in patients 
with esophageal disorders are given on p. 309. 

Surgical Anatomy 

The surgical anatomy of the esophagus is discussed on p, 310* 

Positioning 

Balloon dilatation and bougienage generally are performed 
with the patient in lateral recumbency. 


FIG 21-47 

Radiographic appearance of 
administration of barium. 


esophageal stricture after 


Radiography, Ultrasonography, 
and Endoscopy 

Esophageal strictures can be difficult to identify. Positive 
contrast esophagrams facilitate diagnosis (Fig. 21-47)* Par¬ 
tial strictures are more readily identified if barium is mixed 
with food. Dilatation ol the esophagus is identified proximal 
to an abrupt narrowing or stricture. Fluoroscopy can be used 
to assess esophageal motility during swallowing. It may be 
difficult to determine the extent of a stricture radiographi¬ 
cally. Esophagoscopy allows visualization of the lesion. The 
mucosa sometimes is inflamed and has erosions and ulcers; 
in other cases the stricture is a ring of white fibrous tissue 

the esophageal lumen and fails to distend with 
insufflation* In severe cases it may be impossible to advance 
the scope beyond die stricture, and gastric overdistention 
can be a significant complication of esophagoscopy if the 
scope cannot be passed into the stomach to suction excess 
air. Biopsy and histologic examination rule out stricture that 
has occurred secondary to neoplasia* 

Laboratory Findings 

Animals with esophageal strictures show no specific labora¬ 
tory abnormalities. 
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SURGICAL TECHNIQUE 


o 


Bougienage involves the dilatation of a stricture using blunt 
dilators that are graduated in size. A thoroughly lubricated, 
small, tapered probe (dilator) is initially pushed through the 
stricture into the distal esophagus. It is followed by a gradu¬ 
ated series of successively larger probes until the desired lu¬ 
men size is achieved or excess resistance is encountered. 
Bougienage exerts a longitudinal shearing force at the stric¬ 
ture site that is more likelv than balloon dilatation to result 

i 

in perforation* J 

Balloon dilatation of strictures may be dime with the aid 
of an endoscope. I 


si 
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dc 


S. 


Gc 


that narrows 
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irst, mdascopically place 


th ro ugh the stricture 
s i te. Use a wi re th at i s sti ff at one end an d floppy at the dim 
Insert the floppy end of the wire through the scopes Jjiajy 
channel and through the stricture. Then , withdraw the endo¬ 
scope from the patient while continually feeding the wire into 
the patient f thus removing the endoscope from around fa 
wire while the latter is kept in the stricture * Next pfcrce ffe 
loon in the stricture by running the balloon catheter gvar ife 
wire while observing it endoscopically. As an alternative, \ 
sition the balloon by guiding it along the outside of the erti 


guide 
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st 




DIFFERENTIAL DIAGNOSIS 


£Si 


e 


Vascular ring anomalies, extralumirial masses, esophageal 
neoplasia, foreign bodies, esophagitis, gastroesophageal in¬ 
tussusception, esophageal diverticulum, hiatal hernias, 


DEI 


megaesophagus, and cric 


scope ra ther than th roug h th e biopsy chan net Once the W 


opharyngeal dysfunction are other 


E sop 


possible causes of regurgitation that must be differentiated 


loon is positioned so that the middle of it is near theesmd 


pouc 




from esu 


phageal stricture. 


the stricture, inflate the balloon with fluid 


or air (depending a 


lum 




the type of balloon) and deflate it after a minute 


or so 


o 


SURGICAL TREATMENT 


agger 


Strictures are treated by correcting the cause and then 


The balloon must stay in the stricture during this proem 


re- 


abnoi 


dueing the narrowing with balloon catheter dilatation 


If the balloon is not correctly positioned, it will migrates 


or 
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km age. Balloon catheter dilatation is the preferred 


of the stricture as it is inflated and the stricture will milk 


an 


method for dilatation of esophageal strictures because there 


dilated. Progressively larger balloons may be used until mr 


wail o 


is less chance of perforation and fewer dilatations 


desired degree of dilatation has been achieved. 
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Ch apt e r 21 Su rgery of the D igesi i ve Sys tern 


POSTOPERATIVE CARE 
AND ASSESSMENT 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Patients should he monitored closely for signs of perfora¬ 
tion. Antibiotics may be used to help prevent infection. 
Corticosteroids (e.g., prednisolone, 0.5 mg/kg given orally 
twice a day) maybe administered fora minimum of 2 weeks 
after the last dilatation to help prevent stricture reforma¬ 
tion, but the efficacy of this treatment is unknown. Steroids 
have also been injected into the ballooned area via an endo¬ 
scope. Repeat dilatation often is necessary within 4 to 7 
days. Preexisting esophagitis and aspiration pneumonia 

should be treated as described on p. 308. Nasal oxygen may 

benefit these animals postoperative!}, and analgesics should 
be provided if necessary. Placement of a gastrostomy tube 
(see p. 78) may be beneficial in these patients so that oral 
feeding can be avoided for 7 to 10 days. If the procedure has 
caused a substantial mucosal tear, antibiotics, antacids, or 
sucralfate (or all three) may be administered (see fables 

fi-16 and 21-17). 


Esophageal diverticula are rare. They may be acquired or 
congenital and are found most commonly in the distal cer¬ 
vical esophagus cranial to the thoracic inlet or in the distal 
thoracic esophagus just cran 
(epiphrenic). Congenital diverticula are believed to develop 
as a result of a congenital weakness of the esophageal wall, 
abnormal separation of tracheal and esophageal embryonic 
buds, or eccentric vacuole formation in the esophagus, Ac¬ 
quired forms are classified as pulsion or traction diverticula 
based on their cause. Pulsion diverticula are most common 
in the epiphrenic area but can form cranial to any diseased 
esophageal segment. Many conditions may initiate the for¬ 
mation of diverticula, including esophagitis, esophageal 
stenosis, foreign bodies, vascular ring anomalies, neuromus¬ 
cular dysfunction, and hiatal hernias. The esophageal mu¬ 
cosa herniates secondary to increased intraluminal pressure, 
accumulation of food, and esophageal inflammation. The 
wall of a pulsion diverticulum consists of only esophageal 
epithel 1 um an d conn e ctive tissue. 

Traction diverticula occur after an inflammatory process 
involving the trachea, bronchi, lymph nodes, or other ex- 
traesophageal structures. Inflammation causes fibrous tissue 
to form between the esophagus and the diseased structure. 
As the fibrous tissue matures, it contracts and pulls an area 
of the esophagus outward to form a pouch. Most traction di¬ 
verticula occur in the cranial and midthoracic esophagus. 
The wall of a traction diverticulum consists of adventitia, 
muscle, submucosa, and mucosa. 


to die diaphragm 


PROGNOSIS 


Most patients with esophageal strictures can be helped by di¬ 
latation, but strictures may reform. Thin stricture bands may 
require only a single dilatation; however, patients with severe 
or long strictures often require multiple dilatations. Care 

should be taken because the stricture may perforate with ex- 
evs si ve dilatation. Resection of long strictures may result in 
dehiscence caused by excessive anastomotic tension. 


Suggested reading 


Golden DL, Henderson RA, Brewer VVG: Use of an argon laser for 
tratisendoscopic radial incision of an esophageal web in a cat, J 
Am Anim Hosp Assoc 30:29, 1994, 

Hdrai BH, Johnson SE, Sherd in g RG: Endoscopically guided bal¬ 
loon dilatation of benign esophageal strictures in 6 cats and 7 

dogs, ] Vet Intern Med 9:332,1995. 

Johnson KA, M add is on JE, Allan GS: Correction of cerv 


DIAGNOSIS 

Clinical Presentation 


i 


Signalment, Any age, breed, or gender of dog or cat 
may he affected. 

History. Small diverticula can be asymptomatic. Large, 
multilobulated diverticula usually are associated with clini¬ 
cal signs. Diverticula may result in esophageal impaction, 


esophageal stricture in a dog by creation of a iraciion diverticu 


lum, / Am Vet Med Assoc 201:1045, 1992, 


r. 


Weyrauch EA, Willard MD: Esophagitis and benign esophageal 


esophagitis, and rupture 


of the diverticulum wall, 


Y 


strictures, Cbm pe ml Co tit Educ Pract Ve f 20:203, 1998 


with resultant mediastmitis or the formation of an 


>- 


esophagotracheal-bronchial fistula. Clinical signs may in¬ 
clude distress or gasping after eating, postprandial regurgita¬ 
tion, intermittent anorexia, fever, weight loss, thoracic or ab¬ 
dominal pain, and respiratory distress. 


o 


/- 


ESOPHAGEAL DIVERTICULA 


ie 


3- 


DEFIN1TIONS 


Physical Examination Findings 

The physical examination is normal if the diverticulum is 
asymptomatic. Abnormal lung sounds may be auscultated if 
aspiration pneumonia has developed. 

Radiography/ Ultrasonography, 
and Endoscopy 

Radiographs should be taken with the neck in an extended 
position to diminish 'normal' 5 esophageal redundancy in 
young and brachycephalic breeds. Diverticula appear as air- 
filled or food-filled masses in the area of the esophagus. An 


o- 


)i 


Esophageal diverticula are sad ike dilatations that produce 
puches in the wall of the esophagus. A pulsion diverticu¬ 
lum is a herniation of the mucosa through the muscular lay¬ 
ers of the esophagus. These diverticula are produced by ex- 
aggerated intraluminal pressure in association with 
j b 11 o rma I regie jialp e ristal si s o r wh en obs tr uctio n in ter fe res 
wfih normal peristalsis. Traction diverticula are distortions, 
angulations, or funnel-shaped bulges of the full thickness 
wall of the esophagus, which are caused by adhesions result¬ 
ing from an external lesion. 
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esophagram usually demonstrates a deviation or outpouch¬ 
ing of the esophageal lumen that fills partly or completely 
with contrast material Esophagoscopy is helpful in confirm¬ 
ing the radiographic diagnosis and identifying associated 
esophagitis, strictures, 

esophageal wall may be very thin, and esophagoscopy must 
be performed with care. 


racic wall flap may be necessary to approach diverticula at 
the thoracic inlet or cranial mediastinum. 


SURGICAL TECHNIQUE 


other abnormalities. The 


After identifying the diverticulum, isolate it from surround 
mg structures with blunt and sharp dissection and then pack 
it off with laparotomy pads. Partial lung lobectomy maybe 
necessary if adhesions cannot be easily separated. Position 
a TA (thoracoabdominal; linear) or GIA (gastrointestinal 
anastomosis) stapling device along the base of the diverticu¬ 
lum and fire. Transect and remove the diverticulum without 
contaminating the surgical site. If stapling equipment is not 
available, suction the esophageal lumen and place non crush¬ 
ing forceps across the proposed transection sire. Transect the 
diverticulum and appose the edges as for esophagotomy 

or two-layer simple appositional pattern {see 
p, 314). Lavage the surgical site and, if possible, mobilize and 
place omentum over the incision. Thoracostomy tubes may 
he placed in animals having thoracotomies to evacuate resid¬ 
ual air and fluid, I 


NOTE * Dogs with generalized megaesophagus 
tend to have greater outpouching of the esophageal 
wall cranial to the base of the heart. Do not misdi¬ 
agnose these animals as having diverticula. 


Laboratory Findings 

Esophageal diverticula do not produce any specific labora¬ 
tory abnormalities. Laboratory findings consistent with 
pyothorax (see p. 813) may result if the diverticulum has 
ruptured. Neutrophilia may be present if aspiration pneu¬ 
monia has developed. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


DIFFERENTIAL DIAGNOSIS 


Esophageal hiatal hernia, gastroesophageal intussusception, 
stricture, neoplasia, extraluminal masses, vascular ring 
anomalies, esophageal foreign body, esophagitis, and megae¬ 
sophagus are other possible causes of regurgitation. 


After surgery these patients should be monitored for 
esophagilis and aspiration pneumonia and treated appropri¬ 
ately (see p. 308 ), Postoperative esophagoscopy and esopha- 
grams may be indicated if problems are detected. Regurgita¬ 
tion that occurs secondary to persistent esophagitis is a 
possible problem. Infection as a result of contamination of 
the surrounding tissues during surgery, dehiscence, or leak- 

surgical site are other possible problems. Postop¬ 
erative analgesics should be provided to control pain (see 
p* 760 for recommendations after thoracotomy). 


SURGICAL TREATMENT 


Persistent underlying causes of the diverticula must be iden¬ 
tified and treated. Asymptomatic, small diverticula may be 
treated by feeding a soft, bland diet with the animal in an up¬ 
right position to avoid food accumulation in the pouch. 
Large diverticula should be surgically excised. 


age at the 


PROGNOSIS 


Preoperative Management 

Esophagitis and aspiration pneumonia should be treated pre¬ 
opera lively as described on p. 308. Prophylactic antibiotics 
arc indicated if esophageal resection is considered likely. 

Anesthesia 

Anesthetic recommendations for animals undergoing cervi¬ 
cal esophageal surgery are discussed on p, 309. Anesthetic 
recommendations for thoracotomy are given on p. 760, 

Surgical Anatomy 

The surgical anatomy of the esophagus is described on p, 310, 

Positioning 

Patients are positioned in dorsal or lateral recumbency, de¬ 
pending on the site of the diverticulum. Radiographs are im¬ 
portant to help determine the best surgical approach. Diver¬ 
ticula in the cervical esophagus are approached via a ventral 
cervical midline incision with the animal in dorsal recum¬ 
bency. Thoracic diverticula usually are approached via a lat¬ 
eral thoracotomy. Occasionally a median sternotomy or tho¬ 


Asymptomatic patients often continue to do well without 
surgery; feeding them in an upright position to avoid food 
accumulation in the diverticula may be helpful. Clinical 
signs may be difficult to control in symptomatic patients 
with medical therapy alone. If surgery is not possible, such 
patients should be treated for esophagitis and fed soft food 

upright position. The prognosis with surgical correc¬ 
tion is go o d i f t h o rac i c co n tarn mat i on is a voide d and good 
esophageal apposition is achieved. 
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ESOPHAGEAL NEOPLASIA 


A 




P J 


DEFINITION 


re 


Esophageal neoplasia is any abnormal, noninflammatory 
proliferation of cells in the esophagus. 1 
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Chapter 21 Surgery of the Digestive System 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


t 


Neoplask of the esophagus is rare. The most common types 
of tumors are sarcomas, squamous cell carcinomas, and 
leiomyomas. Leiomyomas have been reported at the lower 
esophageal sphincter in aged beagles. These tumors usually 
are advanced by the time clinical signs are recognized. Pri¬ 
mary esophageal carcinomas are of unknown etiology. Pri¬ 
mary esophageal sarcomas (osteosarcoma, fibrosarcoma) of¬ 
ten are located in the vicinity of parasitic granulomas caused 
by Spirocerca lupu The life cycle of S. lupi involves a co- 
prophagous beetle that is eaten by the dog or a transport 

itly eaten by the dog. Regional tumors 
from the thyroid, thymus, heart base, or lung may invade the 
esophagus secondarily. 

Esophageal tumors initially cause partial obstruction of 
the esophagus, which may interfere with motility and lead to 
dilatation of the proximal esophagus. As the tumor enlarges, 
signs of complete esophageal obstruction become appar ent. 
Most esophageal tumors are locally invasive and metastasize 
to draining lymph nodes. 


k 


e 


n 


d 




xt 


}t 


l- 


ic 


vr 


ee 


id 


FIG 21-48 

Lateral thoracic radiograph of an 8-year-old dog with 
arge esophageal carcinoma. 
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DIAGNOSIS 

Clinical Presentation 

Signatmenh In cats, squamous cell carcinomas usually 
are seen in females in the middle third of the esophagus just 
caudal to the thoracic inlet. Most esophageal tumors 
in dogs and cats over 6 to 8 years of age. 

History, Chronic progressive signs of obstructive 
esophageal disease in middle-aged and older animals suggest 
esophageal neoplasia. Animals with primary tumors may be 
asymptomatic until the mass becomes large enough to cause 
signs of esophageal obstruction. 1 hese animals may be pre¬ 
sented for treatment of regurgitation, drooling, dysphagia, 
anorexia, weight loss, and/or fetid breath. In animals with 
mo nd ary turno rs, clinical signs m a v indii d c regu r gi tat ion, 
dyspnea, palpable masses, and/or systemic and local tumor 
effects. 


io¬ 


ta- 


; a 


of 


ik- 


>p- 


o ut 


^od 


ical 


FIG 21-49 

Appearance of an intraluminal mass on esophagoscopy. 
Esophagoscopy allows biopsy of such masses. 
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Physical Examination Findings 

The physical examination usually is normal. Some animals 
are thin and a dilated cervical esophagus may be identified. 
Hypertrophic osteopathy and spondylosis deformans may 
be noted, especially with 5, lupi ~induced sarcomas. Pneu¬ 
monia that has developed secondary to aspiration may be 
present. 

Radiography/ Ultrasonography/ 

and Esophagoscopy 

\erophagk (swallowing of air), displacement of the esoph- 
iiguSp and mega esophagus may be signs of esophageal neo¬ 
plasia, Survey thoracic radiographs may be normal or may 
reveal a soft tissue density in the region of the esophagus 
(Fig. 21-48), The esophagus may retain air cranial to the 
tumor. The lungs should be evaluated for metastatic lesions. 


Contrast esophagrams may demonstrate an intraluminal 
mass (mucosal irregularities, filling defects, or stricture) 
with primary tumors, or an impinging extraluminal mass 
with secondary tumors. Fluoroscopic studies may reveal ab¬ 
normal motility. Dogs with 5. lupi infestation commonly 

n dv 1 o si s d efo rm a ns o f the cer v \ ca I ve r t eb rae w ith or 
without hypertrophic osteopathy. Esophagoscopy allows di¬ 
rect visualization of intraluminal masses and biopsy for de¬ 
finitive diagnosis (Fig. 21-49). An adult S. lupi worm occa¬ 
sionally is seen protruding into the lumen from the mass. 
Extraluminal masses cannot be visualized unless they have 
eroded into the lumen. It is difficult to inflate the lumen if it 
is impinged on or has been invaded by extraluminal masses. 
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Laboratory Findings 

Laboratory values may indicate chronic disease or paraneo¬ 
plastic syndromes* £. lupi eggs may be detected on a fecal 
sedimentation test but usually are difficult to find. 


chemotherapy Radiation therapy may be palliative, but 
radiation-induced esophagitis or damage to the heart, lungs, 
and great vessels are possible sequelae that are poorly toler¬ 
ated. With surgery the prognosis is guarded for cure or pal¬ 
liation; resection is difficult because of the advanced nature 
of most tumors at the time of detection, although resection 
may be curative for 1 eiomyo mas♦ 

Reference 


DIFFERENTIAL DIAGNOSIS 


Esophageal stricture, extraluminal masses, vascular ring 
anomalies, esophageal foreign body, esophagitis, gastroe¬ 
sophageal intussusception, esophageal diverticulum, hiatal 
hernia, and megaesophagus are other possible causes of 
gurgitation. The clinical signs of ptyalism, odynophagia, and 
sia lo aden o pa t hy in m a ny do gs w i th Sp i ro ce rca lesions up pear 
similar to the clinical signs in dogs with salivary gland necro¬ 
sis and necrotizing sialometaplasia syndrome (Berry, 2000). 


re- 


Berry WL: Spirocem i lupi esophageal granulomas in 7 dogs: resolution 
after treatment with doramectin, / Vet Intern Med 14:609,2GG0, 

Suggested reading ___ 

Johnson RC: Canine spiroccrcosis and associated esophageal sar- 
co ma, Co mpe n d Co n 1 Ed u c Pra ct Vet 14:577, 1992, 


SURGICAL TREATMENT 


Early diagnosis is important, before metastasis or extensive 
esophageal involvement has occurred. Partial esophagec¬ 
tomy with end-to-end anastomosis is indicated when ap¬ 
proximation can be accomplished without excess tension. 


HIATAL HERNIA 


Preoperative Management 

Resolution of esophageal granulomas associated with S. lupi 
after treatment with doramectin (200 mg/kg given subcuta¬ 
neously at 14-day intervals for three treatments) was recently 
reported in seven dogs. (Berry, 2000). Complete resolution of 
the esophageal nodules 

dogs. None of the dogs experienced adverse effects to the drug. 

Anesthesia 

Anesthetic recommendations for animals undergoing cervi¬ 
cal esophageal surgery are provided on p. 309. Selected anes¬ 
thetic protocols for animals undergoing thoracic surgery are 
provided on p. 760. 

Surgical Anatomy 

The surgical anatomy of the esophagus is described on p. 310. 


DEFINITION 


Hiatal hernias are protrusions of the abdominal esophagus, 
gastroesophageal junction, and sometimes a portion of the 
gastric fundus through the esophageal hiatus into the caudal 
mediastinum cranial to the diaphragm. 


confirmed by endoscopy in all 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Hiatal hernias usually are caused by congenital abnormali¬ 
ties of the hiatus that allow cranial movement of the ab¬ 
dominal esophagus and stomach. The phrenicoesophagd 
ligament is lax or stretched and allows the gastroesophageal 
junction to be displaced through the hiatus into the caudal 
mediastinum. Malpositioning or lack of support of the gas¬ 
troesophageal sphincter reduces gastroesophageal sphincter 
pressure and leads to gastroesophageal reflux. Gastroe¬ 
sophageal reflux and subsequent esophagitis and megae¬ 
sophagus are responsible for most of the clinical signs. Hiatal 
hernia occasionally occurs secondary to trauma and has oc¬ 
curred concurrently with respiratory distress. Trauma may 
damage diaphragmatic nerves and muscles, resulting in hi¬ 
atal laxity and subsequent herniation. In patients with upper 
respiratory obstruction, reduced in t rat ho rack pressure dur¬ 
ing inspiration has been theorized to contribute to 
esophageal reflux and visceral herniation. Hiatal hernia In 
been reported with tetanus. I 

With hiatal hernias the stomach commonly slides in and I 
out of the thorax, [f the hernia is large enough, other ab¬ 
dominal viscera may also be cranially displaced into the too I 
rax. Various types of hiatal abnormalities have been k , 
scribed (Fig. 21-50). In patients with sliding or axial hiati 
hernias, the gastroesophageal junction 
thoracic cavity. In patients with paraesophageal or rolling!^ 
atal hernias, the gastroesophageal junction usually is located 
in a normal position, and the gastric fundus or other 


SURGICAL TECHNIQUE 


Esophagectomy is described on p 

description of suture material and special instruments for 
esophageal surgery. 


314. Refer to p. 318 for 


POSTOPERATIVE CARE 
AND ASSESSMENT 


1 he patient should be monitored for esophagitis and aspira¬ 
tion pneumonia and treated as needed postoperatively (see 
p. 308 ). Nasal oxygen may benefit these animals, and anal¬ 
gesics should be provided to control pain. See p. 318 for rec¬ 
ommendations for postoperative care of animals undergo¬ 
ing esophageal surgery. Dehiscence caused by excessive 
tension at the anastomosis and tumor recurrence are possi¬ 
ble complications of esophageal surgery. 


is located within nt 


PROGNOSIS 


Most esophageal tumors are advanced at the time of diagno- 

do not respond well to radiation therapy or 
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Soft Tissue Surgery 


firm mild to severe esophagitis (inflammation, mucosal 
erosion), gastric reflux, or strictures. Gastric mucosa that 
has entered the thoracic cavity can sometimes be identified, 
Some hiatal hernias are intermittent (sliding) and require 
multiple radiographs or fluoroscopy tor both) to diagnose, 

Do not confuse hiatal hernias with peritoneopericardial 
(see p, 798) or traumatic (see p. 795 diaphragmatic hernias, 
despite their sometimes having a similar radiographic 
appearance. 

Laboratory Findings 

Hematologic and serum chemistry results are nonspecific in 
affected animals. 


abdominal viscera are displaced through the hiatus and lo¬ 
cated in the thorax. Some hiatal hernias are a combination of 
sliding and paraesophageal hernias, with the gastroe¬ 
sophageal junction and gastric fundus both displaced, 

DIAGNOSIS 

Clinical Presentation 

Signal merit. Hiatal hernias may occur in a variety of 
dog and cat breeds; however, males and shar 
lish bulldogs appear to be predisposed to this condition. 
Most symptomatic animals have signs relating to congenital 
hiatal hernia before reaching 1 year of age, although diagno¬ 
sis may occur later. Patients with acquired hernias may de¬ 
velop signs at any age. 

History. Regurgitation is the primary clinical sign in 
symptomatic individuals, but many patients are asympto¬ 
matic. Other signs may include vomiting, hypersalivation, 
dysphagia, respiratory distress, hem ate me sis, anorexia, and 
weight loss. 

Physical Examination Findings 

Affected patients may be thin on physical examination. 

Radiography and Ultrasonography 

Hiatal hernias usually appear as a mass near the esophageal 
hiatus in the caudodorsal thoracic region on survey radi¬ 
ographs (Fig. 21-51). However, with sliding hernias, several 
radiographs may be necessary to identify the herniation be¬ 
cause herniation may be intermittent. The presence of gas 
in the herniated portion aids in identification ol the mass as 
herniated stomach. Varying degrees of megaesophagus and 
pneumonia may be noted. A positive contrast esophagram 
should show the gastroesophageal junction, ruga! folds, or 
both cranial to the hiatus. Occasionally, strictures may be 
identified. Fluoroscopy may demonstrate hypo motility, de¬ 
layed clearing of the distal esophagus, or gastroesophageal 
reflux. Compressing the abdomen while observing fluo¬ 
roscopy may help identify hernias. Esophagoscopy can con- 


DIFFERENTIAL DIAGNOSIS 


Esophageal stricture, neoplasia, extralumina! masses, vascu¬ 
lar ring anomalies, esophageal foreign body or perforation, 
esophagitis, esophageal intussusception, esophageal divertic¬ 
ulum, and megaesophagus are other possible causes of re¬ 
gurgitation. 


SURGICAL TREATMENT 


Affected patients may benefit from medical 
gastroesophageal reflux or esophagitis (see p. 308); however, 
surgery generally is recommended in symptomatic am null 
with congenital disease that does not respond to 30 days fit 
medical treatment, A number of surgical techniques have 
been described tor correcting hiatal hernias. Diaphragmatic 
hiatal reduction and plication, esophagopexy and left-sided 

gastropexy are described here, Gastropexy is probably 
the most important step in the repair. If esophagitis is severe 
and oral intake is to be withheld for several days, a gas¬ 
trostomy tube (see p. 78) allows early alimentation without 
further esophageal irritation. Some surgeons perform 
sphincter-enhancing procedures, such as a Nissen fun do pli¬ 
cation (antireflux procedure), instead of the aforementioned 
techniques. However, fimdoplicat ion or other anti reflux pro 
ce d u res are on ly i n d ic a ted in pa t ien t s w ith e v i d e nee of gas¬ 
troesophageal reflux. In dogs and cats, primary incompetence 
of the caudal esophageal sphincter 
in association with hiatal hernia, and therefore antireflin 
procedures are not routinely recommended, 1 


t 


£ 


t 


has not been documented 


Preoperative Management I 

Reflux esophagitis and aspiration pneumonia should be 
treated before induction of anesthesia (see p, 308), Feeding 
frequent, small meals of high - p ro te i n /low -fat foods may be 
beneficial. If megaesophagus is present, feeding affected ani¬ 
mals in a standing, upright position may reduce regulation. 

Anesthesia j 

Positive pressure ventilation may be necessary if pneumobo 
rax is created during hiatal manipulations. Nitrous OEii 
should not be used in these patients. Negative intrathoradt | 
pressure is reestablished by thoracentesis or tube thoracic 
after hiatal manipulations are complete. See p. 309 tor anes¬ 
thetic recommendations for patients undergoing eso 


FIG 21*51 

Lateral radiograph of a 1 2-week-old shar pei with a hiatal 
hernia. Note the air-filled mass (stomach) in the caudal 
thorax. 
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surgery and p. 760 for recommendations for patients undergo- 
I ing thoracic surgery. 

Surgical Anatomy 

I he esophageal hiatus is one of three 
aphragm.Ihe esophageal hiatus is more centrally located than 
thecaval foramen (located ventrally) or aortic hiatus (located 
dorsaJly). The esophagus passes through the esophageal hia¬ 
tus, along with the vagal nerve trunks and esophageal vessels. 
The esophageal hiatus is 

coesophageal ligament, the thickened collagen fibers of which 
are weakened, stretched, or in some way defective in hiatal 
hernias. The terminal i to 2 cm of the esophagus lies within 
the abdominal cavity caudal to the diaphragm. The esopha¬ 
gogastric junction and gastroesophageal sphincter, which 

in the abdomen, regulate movement of ingesta between the 
esophagus and the stomach. 

Positioning 

Patients are positioned in dorsal recumbency, and the caudal 

are prepared for aseptic 

su rgery. 


umbilical tape sling around foe abdominal esophagus to dis¬ 
place it caudally and facilitat 

aphragmatic hiatal pIicahon-reduction, esophagopexy, and 
left-sided fundic gastropexy ; Accomplish diaphragmatic hi- 
tal plication-reduction by excoriating or debriding th 
gins of the hiatus and then place three to five sutures (2-0 
polydioxanone or polypropylene} to appose the edges and 
narrow the hiatus (Fig. 21-52, A }. Perform plication around 
a large stomach tube (28 to 32 French} (Fig, 21-52, BjL Re¬ 
duce foe hiatus to 1 


manipulations * Perform a di- 


e 


in the di- 


openmgs 


a 


surrounded by the phreni 


that allows passage of 
finger, Accomplish esophagopexy by placing sutures 

(3-0 or 2-0 polydioxanone or polypropylene) from th 

maining margin of the hiatus through the adventitia and 
muscular layers of the abdominal esophagus . Complete th 
repair with either a left-sided tube gastropexy 

gastropexy (see pp. 346 to 349). Fix the fundus with slight 

to m oderate ca uda I traction to p reven t cran ia I m ovemen t o f 
the gastroesophageal junction into the thorax. Evacuate air 
from the chest by thoracentesis 
lavage and close the abdomen. 


or 2 cm, a 


- 


size 


e re- 


e 


incisional 


are 


* 


tube thoracostomy and 


or 


POSTOPERATIVE CARE 
AND ASSESSMENT 


r 


SURGICAL TECHNIQUE 


Patients shouid be monitored after surgery for dyspnea 
caused by pneumothorax, and air should be evacuated from 
the thorax as necessary. Nasal oxygen may benefit dyspnei 
animals. Analgesics should be provided as necessary to con¬ 
trol pain (see Table 21 -4), Affected animals may continue to 
regurgitate after surgery because of persistent esophagitis 
Treatment of esophagitis and aspiration pneumonia should 
be continued postoperatively (see p. 308). Feed small po 
tions of low-fat, softened or liquefied food three to five times 
day. Feeding from an elevated platform may be beneficial in 


r. 


Mate o cranial ventral mid line incision extending caudal to 
lib umbfoous to 


Ls 


expose the diaphragm and stomach. Retract 
fhe left lobes of the liver medially to expose the esophageal 
fjitrtus. Pass a stomach tube (28 to 32 French) to help iden¬ 
tify and manipulate the esophagus . Grasp foe stomach and 

iq with gentle traction . Exami 

Dissect the phrenicoesophageal membrane t freeing the 
esophagus from the diaph ragm ven tra lly. Preserve th 
rrunis and esophageal vessels during dissection. Place 
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FIG 21-52 


A, Reduce hiatal hernias and reduce the size of foe esophageal hiatus with plicatinq 
tures. B, Suture the esophagus to the diaphragm (esophagopexy) and 
cisiona! gastropexy (inset) at foe fundus. 
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animals with concurrent mega esophagus* Postoperative ra¬ 
diographic studies may be beneficial in patients with persist¬ 
ent clinical signs to identify persistent herniation, obstruc¬ 
tion, or ulceration. 


esophageal lumen rather than external to the esophagus as 
with a paraesophagea 1 hiatal hern i a. Gastroesophagea 1 intus- 
susception usually occurs in immature animals with megae- 
s op hag us. The etiology of' gastroesophageal intussusception 

is unknown. Idiopathic megaesophagus or incompetency of 
the gastroesophageal sphincter mechanism and subsequent 
regurgitation may predispose 

Vomiting and retching cause the esophagus to dilate. Experi¬ 
mental work in puppies has shown that vomiting can cause 
invagination of the gastric cardia into the esophagus. A large 
o r 1 ax eso p h agea I h i atus m ay b e n ec es sa ry to all o w the gast jk 
cardia to move cranially into the esophagus* Entrapment or 

strangulation of the mvaginated stomach occurs, causing 
esophageal obstruction, continued regurgitation, and rapid 
fluid loss. Discomfort is caused by stretching of gastric 
mesenteric attachments and esophagitis. Severe respiratory 
distress is caused by the greatly enlarged esophagus com¬ 
pressing the pulmonary parenchyma or by aspiration pneu¬ 
monia (or both). Cardiovascular collapse occurs secondary 
to obstruction of venous return and eventually of the arterial 
blood supply. The resulting congestion, inflammation, mi 
necrosis contribute to the animal's deterioration. 


COMPLICATIONS 


Dysphagia is common for several days; however, if it contin¬ 
ues beyond that time, the hiatus may have been over reduced, 
requiring reoperation. Infection may occur if the esophageal 
or gastric lumen is penetrated with sutures or tubes. Possible 
problems after anti reflux procedures include gastric dilata¬ 
tion, necrotic gastritis, and acute death. 


animal to this disorder 


PROGNOSIS 


The prognosis without surgery is good in asymptomatic pa¬ 
tients and those that respond to medical therapy; however, 
symptomatic patients that are not surgically repaired may 
develop severe esophagitis and stricture. The prognosis is 
good with the described surgical repair; however, aspiration 
pneumonia must be controlled for a favorable outcome. Pa¬ 
tients with gastroesophageal sphincter incompetence may 
benefit from additional antireflux procedures. 


Suggested reading 

Bright RM et al: Hiatal hernia in the dog and cat: a retrospective 
study of 16 cases, / Small Anim Tract 31:244, 1990. 

Callan MB et al: Congenital esophageal hiatal hernia in the Chinese 

shar pei dog, / Vet Intern Med 7:210, 1993. 

Lorinson D, Bright RM: Long-term outcome of medical and surgi¬ 
cal treatment ot hiatal hernias in dogs and eats: 27 cases (197ft- 

1996), J Am Vet Med A&oc 213:381,199ft. 

Pratschke KM et al: Hiatal herniation as a complication of chronic 
diaphragmatic herniation, / Small Anim Tract 39:33, 1998. 
Williams JM: Hiatal hernia in a shar pei, / Small Anim Tract 31:251, 
1990. 


DIAGNOSIS 

Clinical Presentation 


Signalmen!. .Although several breeds have been re- 

ophageal intussusception, German 
shepherds and other large-breed dogs seem to be at in¬ 
creased risk. More cases have been reported in males than in 

females. The condition is most common in young dogs, usu¬ 
ally under 3 months of age. Gastroesophageal intnssusap- 


ported with gastroes 


tion has been reported in a cat. 


History. I n most cases the onset of clinical signs is acute, 
with rapid deterioration and death within 1 to 3 days if th 
condition is not treated immediately 
of aspiration pneumonia, making diagnosis difficult Af¬ 
fected animals often have a history of esophageal disease 
(50%). An acute onset of clinical signs is common lie,,re¬ 
gurgitation, vomiting, dyspnea, hematemesis, abdomkc 
discomfort, rapid deterioration, and death). I 


.Signs may mimic those 


GASTROESOPHA GEA L 
INTUSSUSCEPTION 


Physical Examination Findings 

Animals may be thin and show pain on abdominal palpa¬ 
tion. Signs of shock may be noted (he., poor capillary refill, 
pale mucous membranes, labored breathing, tachycardia, 
and thready pulse). I 

Radiography, Ultrasonography, 

and Esophagoscopy 

Radiographs show a dilated distal esophagus with a luminal 
soft tissue mass (Fig. 21-53), Rugal folds maybe associated 
with the soft tissue mass, 'The trachea may he deviated ven¬ 
tral ly, and signs of aspiration pneumonia may be apparent 
The normal gastric gas bubble usually seen in the cranial ab¬ 
domen may be absent or diminished in size. The intussus¬ 
ception can be outlined by either positive or negative con¬ 
trast studies, Esophagoscopy reveals a dilated esophagus 


DEFINITION 


Gastroesophageal intussusception is the invagination of 

the gastric cardia into the distal esophagus with or without 

duodenum, pancreas, and omentum. 


the spleen, 


SYNONYMS 


Eso p f i agea l i n tuss uscep t io n t ga st roe so pi mgea l in vagina tio n, 
es o phage a l i n vagination 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Gastroesophageal intussusception can be confused with 
esophageal hiatal hernia (see Fig* 21-50, E). However, the gas¬ 
troesophageal junction does not move cranially into the tho¬ 
rax as with a sliding hiatal hernia, and the cardia is within the 
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Positioning 


The animai is positioned in dorsal recumbency, and the caudal 
thorax and ventral abdomen 


are prepared for aseptic surgery 


SURGICAL TECHNIQUE 


i’ 

[ 


Make a ventral mid line abdominal incision from the xiphoid 
process to several centimeters caudal to the umbilicus. Ex¬ 
plore the abdomen and locate the duodenu 
Apply gentle traction on the duodenum and stomach to 
duce the intussusception, if necessary digitally dilate 
large the esophageal hiatus to allow complete reduction of 

the intussusception , Examine the distal esophagus, the stom¬ 
ach, and any other involved viscera for evidence of vascular 
thrombosis , avulsion i, ischemia , or necrosis . Resect devital¬ 
ized tissue . Reduce the size of the esophageal hiatus to 1 to 
2 cm if it is too large or lax (see p. 329 J. Perform 

sionat gastropexy (see p. 349} at the gastric fundus to 
ven t rec u rrence. In 

cisbnal right or pyloric antrum gastropexy / 
performed r Lavage and close the abdomen, 


i 




and stomach. 
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FIG 21-53 

Radiograph of a dog with a gastroesophageal 
r'u&susception. Note the luminal soft tissue mass in the 
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an ma 


— 


pre- 

ition to the fundic gastropexy , an in- 


dilated distal esophagus. 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


with gastric ruga I folds in the distal esophageal lumen. 
Esophagitis may be apparent. It may not be possible to ad- 
vanee the endoscope into the distal esophagus or stomach. 

Laboratory Findings 

Laboratory findings are nonspecific and related to dehydra¬ 
tion and shock. 


After surgery fluids should be continued and acid-base and 
electrolyte imbalances corrected. Nasal oxygen may benefit 
finals that are dyspnek. Postoperative analgesics should be 
provided to control pain (see Table 21-4). Oral intake should 
be withheld initially to encourage resolution of esophagitis and 
gastritis (see p, 308), After 24 to 48 hours water can be ottered. 
If vomiting or regurgitation does not occur, small amounts of 
a low-fat gruel can be offered several times a day. If mega¬ 
esophagus is present, the animal should be fed in an upright 
position. However, esophageal weakness may not resolve. Gas¬ 
trostomy tube feeding maybe helpful. Deterioration may 
tinue and death may occur if the condition is not recognized 
and treated promptly. Devitalization of a portion of the esoph - 
a g us o r sto m a ch may occu r as a res ult of preoperat ive vase u lar 
compromise. Dysphagia is common for several days after 
gery; however, persistent dysphagia may occur if the hiatus is 
overly narrowed by surgery. Such patients require reoperation. 


e- 


in 


i- 
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DIFFERENTIAL DIAGNOSIS 


Ll- 


hsophageal hiatal hernia, stricture, neoplasia, extraluminal 
masses*esophageal foreign body, or esophageal diverticulum 
are differential diagnoses. 


P" 


te, 


he 


con- 


SURGICAL TREATMENT 


KSC 


Surgical intervention should be performed 
^ible after the gastroesophageal intussusception 
nosed. Stabilization of the patients condition and treat¬ 
ment for shock should be performed before induction 

°1 anesthesia; however, surgical treatment should not be 
delayed. 


Vl¬ 


as soon as pcs* 

is diag- 


ise 


re- 


aai 


PROGNOSIS 


Preoperafive Management 

Before induction of anesthesia, shock treatment should be 
initiated [Le., administration of fluid ther 

spectrum antibiotics, with or without steroids), and elec¬ 
trolyte and acid-base abnormalities should be Identified and 
corrected if possible. An electrocardiogram also should be 
performed before induction of anesthesia. 

Anesthesia 

Anesthetic recommendations for animals undergoing 
esophageal surgery are provided on p. 309, 


:>a- 


Antemortem diagnosis is rare (mortality approaches 95%), 

therefore few cases of gastroesophageal intussusception have 

been diagnosed and treated successfully. Recurrence is not 

expected if incisional gastropexy is performed and esophagi 
tis is controlled. 
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Graham KL et ah Gastroesophageal intussusception in a Labrador 
retriever, Can V&iJS 9:709, 1998. 

Greenfield CL, Quinn MK, Coalman BR: Bilateral 


ited 


e n - 

ent. 


incisional gas¬ 
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Surgicol Anatomy 


Van Camp S, Love NT, Kumaresan S: Radiographic diagnosis: gas¬ 
troesophageal intussusception in a cat. Vet Radiol Ultrasound 


: ie surgical anatomy of the esophageal hiatus is discussed 
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CRICOPHARYNGEAL ACHALASIA 


to swallow are noted, with gagging, retching, and expulsion 
of saliva-covered food* Regurgitation occurs immediately af¬ 
ter swallowing. Most patients have a voracious appetite, but 
some become anorexic and lose weight. 

Physical Examination Findings 

Affected animals may appear normal or stunted at the time 
of examination. Some patients are emaciated* The animal 
should be observed eating and drinking to confirm dyspha- 

it as oral or pharyngeal. Patients with 
oral dysphagia have difficulty with prehension and bolus 
formation. Those with pharyngeal dysphagia have difficulty 
transporting the bolus into the esophagus. Patients with 
cricopharyngeal dysphagia usually have more difficulty with 
foo d, wh e re as th o se wi th other t y pes o f p h ar yngeal dyspha¬ 
gias may have more difficulty (i.e„ may aspirate more read¬ 
ily) when swallowing liquids* 

Radiography and Ultrasonography 

Survey thoracic radiographs should be evaluated for aspira¬ 
tion pneumonia and esophageal size* Definitive diagnosis re¬ 
quires fluoroscopic or cine fluoroscopic evaluation during! 
barium swallow* An experienced radiologist may need to dif¬ 
ferentiate cricopharyngeal achalasia from pharyngeal dys- 

with cricopharyngeal achalasia have ade¬ 
quate pharyngeal strength to push the food bolus into the 
esophagus, but the cricopharyngeal sphincter stays shut or 
opens at the wrong time during the swallowing reflex* Pa¬ 
tients with pharyngeal dysphagia do not have adequate 
o ropha ry n geal s tr en gt h to pro p er ly p u$h the fo n d bed us i nft 
the esophagus. Positive contrast in the trachea or outlining 
airways indicates aspiration. Esophageal motility should be 
evaluated during fluoroscopic studies to identify concurrent 
problems because many animals with pharyngeal dysphagia 
have concur rent esophageal dysfu net ion. I 

Laboratory Findings I 

Laboratory findings are normal unless the patient is severefr 
debilitated or has aspiration pneumonia. I 


DEFINITION 


Cricopharyngeal achalasia is one type of pharyngeal dys¬ 
phagia, The condition is characterized by interruption of 
passage of a bolus from the oropharynx through the cranial 
esophageal sphincter into the cervical esophagus because of 
failure of the sphincter to open correctly. 


to 


gia 


SYNONYMS 


Congenital cricopharyngeal achalasia } cricopharyngeal dyspha¬ 
gia , cricop / 1 aryrtgeaI dysfunotion, cricopharyrigml asynchro ny 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Cricopharyngeal achalasia is a rare cause of dysphagia; how¬ 
ever, it is important that it be differentiated from other 
forms of oropharyngeal dysphagia because it is treatable. 
There are a number of swallowing disorders, and treatment 
for these conditions varies. The cause of cricopharyngeal 
achalasia is unknown hut appears to be a congenital de¬ 
rangement in the coordination of the swallowing reflex. The 
cause probably is neurologic* because the disorder can be re¬ 
produced by transecting the pharyngeal branch of the tenth 
cranial nerve. Cricopharyngeal achalasia is characterized by 
inadequate relaxation of the cricopharyngeal muscle in co¬ 
ordination with pharyngeal muscle contractions during 
swallowing. The small amount of food that succeeds in pass¬ 
ing from the oropharynx into the proximal esophagus passes 
normally into the stomach. Repeated attempts to swallow 
are made until retained pharyngeal contents are swallowed, 
regurgitated, or aspirated. Food remaining in the pharynx 
may be aspirated into the trachea during inspiration, elicit¬ 
ing a cough and causing pneumonia. 

In normal swallowing, food is grasped hy the teeth and 
formed into a bolus by rapid tongue movements. The bolus is 
pushed up and back by the base of the tongue into the 
oropharynx. The pharyngeal muscles contract and force the 
bolus through the relaxed upper esophageal sphincter 
(cricopharyngeal muscles) into the cervical portion of the 
esophagus. The cricopharyngeal muscle contracts after the bo¬ 
lus passes. Cricopharyngeal muscle tone is linked to deglutition 
and the respiratory cycle. During swallowing the airways are 
protected by the soft palate, which closes the nasopharynx, and 
the epiglottis, which flips hack to close the glottis. 




s 


1 . 




DIFFERENTIAL DIAGNOSIS 


Pharyngeal dysphagia caused hy inadequate pharyngeal ton- 
traction is difficult to differentiate from cricopharyngeal 
achalasia. Sometimes more than one abnormality m 
tributes to the dysphagia* Dental disease, oral masses, foreign 
bodies, stomatitis, cleft palate, and skeletal abnormality 
should also be considered, Esophageal hvpomotility am! 
megaesophagus may also be associated with pharyngeal dys¬ 
phagias. Other considerations include functional abnormal* 
ities resulting from rabies, central nervous system disease, 
peripheral neuropathies, neuromuscular disease, my¬ 
opathies, and myositis, 


DIAGNOSIS 

Clinical Presentation 

Signalmens The condition is rare. It seems to be more 
common in springer and cocker spaniels but has been seen 
in a variety of breeds. Signs of dysphagia begin at weaning, 
although in rare cases animals may not be diagnosed until 
they are older. 

History. Most dogs appear normal until they begin eat- 

u n s u cc es s fu 1 atte m p ts 


SURGICAL TREATMENT 


Cricopharyngeal myectomy is curative for crkopharyBgd 
achalasia. Some surgeons also resect a portion of the tny- 
ropharyngeus muscle. Cricopharyngeal myectomy for p: 


* At that time repeated 


mg 






333 


Chapter 21 Surgery of the Digestive Sy$tern 


thyropharyngeal muscle (Fig. 21-54). It arises from the lat¬ 
eral surface of the cricoid cartilage and passes dorsally to in¬ 
sert on the median dorsal raphe. The cricopharyngeal mus¬ 
cle can be identified as a bundle of transverse muscle fibers 
converging on the dorsal mid line and blending into the lon¬ 
gitudinal muscle fibers of the cranial esophagus. The thy- 
ropharyngeal muscle can be difficult to differentiate from 
the cricopharyngeal muscles because their muscle fibers are 
both oriented transversely. The thyropharyngeal muscle lies 
cranial to the cricopharyngeal muscle and is separated from 
it by a thin septum of connective tissue. The separation is 
found dorsal to the attachment of the sternothyroideus mus¬ 
cle. The cricopharyngeal muscle controls most of the upper 
esophageal sphincter function, it is innervated by branches 
of the glossopharyngeal and vagus nerves* Blood supply to 

the cricopharyngeal muscles is primarily from branches of 
the cranial thyroid arteries. 

Positioning 

The animal is positioned in dorsal recumbency with the legs 
positioned lateral to the thorax. The ventral neck (from the 
angle of the mandible to the manubrium) should be pre¬ 
pared for aseptic surgery. 


tients with other pharyngeal dysphagias can be disastrous 

because it allows food retained in the proximal esophagus to 
more easily reenter the pharynx and be aspirated. 

Preoperative Management 

Supportive care is important; patients should be well hy¬ 
drated and nourished before surgery. Preoperative nutri¬ 
tional support should he provided with a gastrostomy tube 
if necessary (see p. 78 ), Aspiration pneumonia should be 
treated with fluids, appropriate antibiotics, and expecto¬ 
rants. Perioperative antibiotics are recommended for debili¬ 
tated patients. 

Anesthesia 

Anesthetic recommendations for esophageal surgery are 
provided on p. 309, Hypothermia and hypoglycemia are se¬ 
rious problems in young patients and should be 
during a ne sthes ia a n d s urger y. 

Surgical Anatomy 

The cranial esophagus is located dorsal to the larynx and 
slightly to the left of midline. The cricopharyngeal muscle 
lies on the larynx and pharynx immediately caudal to the 
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Surgical anatomy of the cranial esophagus and neck. 
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FIG 31-55 


Cricopharyngeal myectomy. A, Expose the cranial esophagus through a ventral midline 
cervical incision. Place a stay suture through the thyroid lamina and rotate the cricapharyn- 

bteral portion of each cricopharyngeal muscle. 




gea muse e into view, B, Resect the 
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SURGICAL TECHNIQUE 


COMPLICATIONS 


F 


Make a ventral midline cervical incision beginning 
to the larynx and extending caudaliy to th 
area . Separate and retract the slerno/iyo/d musoles later¬ 
ally to expose the trachea. Rotate the larynx and trachea 
laterally by using traction 

expose the cricopharyngeal musculature (Fig. 21-55, A) 
Place a suture through the lamina of the thyroid 
to maintain laryngeal rotation and 

cricopharyngeal muscle and dorsal esophagus , Pass 
trie tube into the 


cranial 


Recurrence of dysphagia because of fibrosis and constriction 
at the myectomy site can be prevented by adequate removal 
ot muscle, If other, concurrent pharyngeal dysphagias arc 
present, cricopharyngeal myectomy will worsen the patients 
dysphagia and pneumonia. Aspiration pneumonia may con¬ 
tinue to be a problem it esophageal hypo motility exists. 
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PROGNOSIS 


e 


tf 


prognosis is good if the only abnormality present k 
cricopharyngeal achalasia and guarded if other dvspW-r 
are present. Persistent regurgitation may result in aspiration 
pneumonia. The prognosis without surgery is guarded, be¬ 
cause it is difficult to effectively nourish the patient and con¬ 
trol pneumonia. I 


a gas- 

esophagus to aid identification of the 
esophageal walk Identify the cricopharyngeal muscles , M- 
cise the cricopharyngeus (and, if needed, the thyropharyn 
geusj muscle on its midline (Fig. 21-55, BJ. Elevate the 
cle fibers from the underlying esophageal submucosa with 

to avoid perforating the esophageal walk Resect the 
lateral portion of each cricopharyngeus (and the thyroph 
ryngeus) muscle . Inspect the esophageal wall for damage 

Allow the larynx and trachea to 
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Suggested reading _ 

Allen SW: Surgical management of pharyngeal disorders in the deg 
and cat, ProbI Vet Med (Head Neck) 3:290,1991. 
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and lavage the area, 
turn to their normal position . Appose the sternohyoid 
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a continuous suture pattern. Close subcutaneous 
tissues and skin routinely ; 
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VASCULAR RING ANOMALIES 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


DEFINITION 


A gruel or canned food should be fed for the first 1 to 2 days 
after surgery, then the food should gradually be returned to 
normal co ns is te ncy o ve r then ext 3 to 4 days«1 f n ece ssar y, i n - 
travenous fluids should be continued to maintain hydration. 
Antibiotics should be continued if aspiration pneumonia is 
present. Inadequate or unilateral myectomy may not relieve 
signs of cricopharyngeal achalasia. 


DM 


Vascular ring anomalies are congenital malformation? 
the great vessels and their branches that cause constriction of 
esophagus and signs of esophageal obstruction 
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SYNONYMS 


Persistent right aortic arch is also known as PRAA andp* 
si stent fourth right aortic arch 
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Surgery of the Digestive System 


Chapter 21 


GENERAL CONSIDERATIONS 

AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Males and females are equally affected. The condition may 

litter. Vascular ring anomalies 
are present at birth. Clinical signs usually are evident at 
the time of weaning, most being diagnosed between 2 and 
6 months of age. The condition may not be recognized un¬ 
til Later in life if obstruction is partial and signs are mild. 
Early diagnosis and treatment of PRAA may improve the 

prognosis. 

History* The classic history is acute onset ot regurgita¬ 
tion when solid or semisolid food is first fed. Regurgitation 
of undigested food occurs soon after eating early in the dis¬ 
ease; later it may occur at variable times (minutes to hours). 
Affected animals may grow more slowly than litter mates 
and appear malnourished. They often have a voracious ap¬ 
petite; some immediately reeat the regurgitated food. 
Coughing with respiratory distress maybe a result of aspira¬ 
tion pneumonia or tracheal stenosis that occurs secondary 
to a double aortic arch. 

Physical Examination Findings 

Affected animals are often thin and small An enlarged 
esophagus may sometimes be palpated at the thoracic inlet 
and neck. The thoracic inlet and caudal neck area may 
bulge when the chest is compressed. Murmurs are rare; an 
occasional patient may have a continuous murmur associ¬ 
ated with concurrent patent ductus arteriosus. Aus¬ 
cultation of coarse crackles or finding fever may suggest 
pneumonia. 

Radiography, Ultrasonography, 
and Endoscopy 

Thoracic radiographs may reveal a dilated esophagus cranial 
to the heart containing air, water, or food. The trachea may 
be displaced ventrally, and the esophagus may overlap it. 
Signs of pneumonia may be identified. Positive contrast ra¬ 
diography using a barium suspension or barium with food 
demonstrates esophageal constriction at the base ot the 
heart with varying degrees of esophageal dilatation extend¬ 
ing cranially (Fig. 21-56), The caudal esophagus usually is 
normal in size, although it sometimes is dilated. Fluoroscopy 
is beneficial in evaluating esophageal motility. The dilated 
esophagus does not usually demonstrate normal peristaltic 
contractions. Although not routinely performed, angiogra¬ 
phy is beneficial for identifying the type of vascular ring 
anomaly and other cardiac anomalies before surgery. 
Echocardiography may also be beneficial. Endoscopic exam¬ 
ination of the esophagus helps rule out other causes of 
esophageal stricture or obstruction and may reveal 

esophageal ulceration. Tracheoscopy is not routinely per¬ 
formed but may document narrowing of the tracheal lumen 
caused by extern al co m p ression. 

Laboratory Findings 

Laboratory findings are expected to be normal (for the 
animal's age) unless debilitation is severe or pneumonia is 
present. In patients with pneumonia, neutrophilia may be 


The most common type of vascular ring anomaly is a per 
sistent fourth right aortic arch, right dorsal aortic root, 
rudimentary left ligamentum arteriosum (left sixth arch). 
The left pulmonary artery and the descending aorta are con¬ 
nected by the ligamentum arteriosum. The esophagus is en¬ 
circled by the ligamentum arteriosum (or patent ductus ar¬ 
teriosus) on the left, the base of the heart and pulmonary 
artery ventrally, and the aortic arch on the right. The esoph¬ 
agus is constricted by this vascular “ring” and begins to dilate 
cranially as food accumulates. Food that does not pass be¬ 
yond the constriction is intermittently regurgitated. Chronic 
regurgitation predisposes the animal to aspiration pneumo¬ 
nia. Approximately 95% of animals diagnosed with vascular 
ring anomalies have a persistent right aortic arch (PRAA). 
Persistent left vena cava occurs in conjunction with PRAA in 
about 40% of the cases. 

Abnormal location of the great vessels mechanically in¬ 
terferes with functioning of the esophagus and sometimes 
the trachea and other adjacent structures. The severity of 
clinical signs and the degree of esophageal stricture depend 
the vascular structures involved. Other types of vascular 
ring anomalies include (1) persistent right aortic arch with 
persistent left subclavian artery, (2) persistent right aortic 
arch with persistent left ligamentum arteriosum and left 
subclavian artery, (3) double aortic arch, (4) normal left 
aortic arch with persistent right ligamentum arteriosum, 
(5) normal left aortic arch with persistent right subclavian 
artery, and (6) normal left aortic arch with persistent right 
ligamentum arteriosum and right subclavian artery, 

I Six pairs of aortic arches surround the esophagus and 
I trachea during early fetal life. Normal maturation and se¬ 
lective regression of these arches form the adult vascula¬ 
ture, All vascular ring anomalies have resulted from abnor¬ 
mal development of arches three, four, and six. I he 
| mechanism of inheritance is thought to involve single or 

recessive genes. In the embryo the first and second 
aortic arches disappear, and the fifth, arches are incomplete 
and inconsistent. The third arch joins the dorsal aortic arch 
and continues anteriorly as the right and left internal 
carotid arteries. The third arch aiso forms the brachio¬ 
cephalic trunk. The dorsal aortas disappear between the 
third and fourth arches. Normally the left fourth aortic 
arch and the dorsal aortic root persist to form the perma¬ 
nent aortic arch. The left sixth arch becomes the ductus ar¬ 
teriosus and the right fourth arch contributes to the right 
subclavian artery. 
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DIAGNOSIS 

Clinical Presentation 

Signalment, Vascular ring anomalies occur in both 
dogs and cats but are more common in dogs. German 
shepherds, Irish setters, and Boston terriers are the most 
commonly affected dog breeds. Siamese and Persian cats 
have been diagnosed more often than other cat breeds. 
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imal is severely debilitated, a gastric feeding tube should be 
placed for several days before surgery* 

Some surgeons attempt to reduce the size of the 
esophageal lumen if the esophagus is 
not expected to return to normal size. This is accomplished 

by placing a series of nonpenetrating “plication” or “gather¬ 
ing” sutures in the accessible lateral esophageal wall As an al¬ 
ternative, a portion of the esophagus may be resected. These 
techniques are not recommended routinely because they in¬ 
crease the risk of complications. 

Preoperative Management 

Hydration, electrolyte, and acid-base abnormalities should 
be corrected before surgery if possible. If pneumonia is pres¬ 
ent or the animal is severely debilitated, nutrition should be 
p ro vtded vi a a gast ro s t o my fee ding tub e (see p* 78) for sev¬ 
eral days to a week. Antibiotics are indicated for debilitated 
animals and those with pneumonia (see p. 310). 

Anesthesia 

Anesthetic recommendations for animals undergoing thora¬ 
cotomies are presented on p. 760* Pediatric patients must be 
kept warm and well hydrated during surgery and should be 
carefully monitored for hypoglycemia. Animals with pneu- 
mo n i a should be preoxygen ated. Nitrous ox i de sh ould no t 
be used in these patients. j 

Surgical Anatomy 

The anatomy of the esophagus is provided on p. 310 anil the 
anatomy of the heart on p. 678* See also the discussion un- 
der General Considerations and Clinically Relevant Patho¬ 
physiology on p* 333* 

Positioning 

Most patients with vascular ring anomalies should be posi¬ 
tioned in right lateral recumbency for a left lateral thoraco¬ 
tomy (see p. 763); however, those with persistent right liga- 
mentum arteriosum are positioned in left lateral 
recumbency* Positioning of animals with double aortk 
arches varies, depending on the dominant arch* i 
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FIG 31-56 


Contrast esophagram of a dog with a persistent right aortic 
arch. Note the esophageal narrowing at the base of the 
heart. The cranial esophagus is dilated. 
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DIFFERENTIAL DIAGNOSIS 


t 


The primary differential diagnoses are generalized megae- 
sophagus and obstruction caused by a foreign body, stric¬ 
ture, mass, or hiatal hernia* It can be quite difficult to differ¬ 
entiate between esophageal dilatation caused by a vascular 
ring anomaly and a large outpouching cranial to the heart 
associated with megaesophagus* 
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MEDICAL MANAGEMENT 


Patients with vascular ring anomalies are treated both med¬ 
ically and surgically. Surgery should be performed as soon 
after the onset of clinical signs as possible to reduce damage 
to the esophageal muscles and nerves. Clients should be in¬ 
formed that medical treatment without surgery is palliative 
at best and is not recommended. Medical management in¬ 
cludes treating aspiration pneumonia (see p, 308) and im¬ 
proving the animal's nutritional status. An affected animal 
should be fed a gruel while standing on its hindlegs with the 
food dish elevated on a platform. The animal should be 
maintained in an upright position (standing on hindlegs) 
for 10 to 20 minutes after eating to allow gravity to assist in 
emptying the dilated esophagus. Placement of a gastrostomy 
feeding tube may be beneficial for severely debilitated pa¬ 
tients, particularly if aspiration is present and surgery is be¬ 
ing considered. 
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SURGICAL TECHNIQUE 
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Surgical transection of the constricting structure or struc¬ 
tures is recommended before esophageal dilatation become 
severe. Transection is feasible with most vascular ring anom¬ 
alies with the exception of some double aortic arches. 
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SURGICAL TREATMENT 


lateral thoracotomy at the left fourth (fifth} inter 

with PRAA. Pack the cranial 


Pe rform 

costal space for patients 
cauchlly to expose the mediastinum dorsal to ff)e U 
identify the aorta, pulmonary artery, Ugamentum artefowny 
and vagal and phrenic nerves (see Fig , 29-3 and % 
21 -37j. Identify the anomalous structure or structures, ftn. 

persistent left cranial cava is present , dissect and re.(radio 
vena cavo to improve visualization . If a prominent henvl 
azygous vein is also present t dissect, ligate , and divide 111 
constricting subclavian artery is identified , isolate, Jig®, j 


Surgical treatment of PRAA is described below* Other types 
of vascular ring anomalies can be managed in a similar fash¬ 
ion. A persistent left vena cava often covers the left ventral 
area of the vascular ring. A persistent right ligamentum ar¬ 
teriosum and some aberrant right subciavians should be ap¬ 
proached from the right side. Angiograms are 
tients with double aortic arches to determine which arch is 
dominant and if adequate circulation can be maintained al¬ 
ter transection of the other arch. It may not he possible to re¬ 
lieve constrictions caused by a double aortic arch. If the an- 
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Chapter 21 Surge ry of th e Digestive Systent 


size the high incidence of continued regurgitation and the 
need for prolonged dietary management. Aspiration pneu¬ 
monia and death may occur if regurgitation persists. 
Esophageal resection or imbrication increases the risk ot 
contamination and infection secondary to esophageal leak¬ 
age or dehiscence. 


and Sensed it. incise the mediastinum and dissect and ele¬ 
vate the ligamentum arteriosum. Double ligate the iigamen- 
tum afteriosum and then transect it. Pass a balloon catheter 
large oro gastric tube through the constricted esophagus to 
aid identification of constricting fibrous bands and to dilate 
(fie ste. Dissect and transect these fibrous bands from the 
esophageal wail. Lavage the area, reposition the lung lobes, 
place a thoracostomy tube if necessary ; and close the thorax 

raufin ely, 


or 


L 


PROGNOSIS 


Most patients that survive surgery improve (70% to 92%) 
(Muldoon, Birchard, Ellison, 1997), They may not have 
completely normal esophageal function, but they generally 
regurgitate less and their body condition improves. If 
surgery is performed soon after signs appear, normal 
esophageal tone and function might return. The longer the 
delay before surgical correction, the more cautious the 
prognosis; some patients show little or no improvement. 
Mega esophagus often persists with mild to moderate im¬ 
provement in motility, although most patients (92%) no 
longer have regurgitation (Muldoon, Birchard, Ellison, 
1997). The prognosis is poor with esophageal dilatation 
caudal to the constriction because this area often is hypo- 
motile and frequently does not regain normal size. Without 
surgery, regurgitation usually continues and worsens as the 
esophagus continues to dilate. Aspiration pneumonia is a 
continuous threat, and the animal may have difficulty 
maintaining adequate body condition. 


POSTOPERATIVE CARE 

AND ASSESSMENT 


Postoperative analgesics should be provided as described on 
p.760.The patient should be closely monitored for dyspnea 
itnd ihe ehest tapped if necessary Nasal oxygen may beneh t 
dyspneic patients. If a thoracostomy tube has been placed, 
the thorax should be aspirated at regular intervals (initially 
everv 15 to 30 minutes) and the volume of air and fluid col- 
lected at each interval noted. Thoracostomy tubes generally 
can be removed the day of surgery or by the next morning in 
these patients. Antibiotics should be continued in debilitated 
patients if thoracic contamination occurred or it pneumonia 
exists. 
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Pediatric patients should be closely monitored for hypo¬ 
glycemia in the postoperative period. Oral intake can be re¬ 
sumed within 12 to 24 hours of surgery. Initially a canned 
toad gruel should be led with the animal in an upright pos¬ 
ture. This stance should be maintained for 10 to 20 minutes 
after eati n g to he ip p re ve n t d i sten t io n o f t he dil ate d eso p h a - 
gus and help reestablish esophageal muscle tone and size. 
Owners may gradually reduce the amount of water in the 
food l to 4 weeks after surgery if minimal regurgitation has 
occurred with gruel feeding. Hopefully, addition of water ul¬ 
timately ca n b e .dim mated without increased regurgitation. 
Animals who can eat solid food without regurgitation 
should be allowed to eat with the bowl on the floor while 
standing normally. This feeding practice is continued unless 
regurgitation recurs. Some animals eventually can be fed any 
type food from a normal stance, whereas others must con¬ 
tinue eating gruel from an elevated stand. 

The esophagus should be reevaluated with an esopha- 
I gram 1 to 2 months after surgery to assess persistent dilata¬ 
tion and motility. Sometimes the esophagus returns to a 
normal size and function. Other times the esophagus re¬ 
mains severely dilated with poor motility. If esophageal con¬ 
viction occurs, balloon dilatation (see p, 322) may be ben- 
I did ah Owners should be advised against breeding affected 
I animals because the condition is believed to be a genetic dis- 
I order. 
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gical correction of persistent right aortic arch In dogs: 25 cases 
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Gastrotomy is an incision through the stomach wall into the 
lumen. Partial gastrectomy is a resection of a portion ot the 
stomach, and gastrostomy is the creation of an artificial 
opening into the gastric lumen. Gastropexy permanently 
adheres the stomach to the body wall. Removal of the py¬ 
lorus (pylorectomy) and attachment of the stomach to the 
duodenum (gastroduodenostomy) is a Billroth I proce¬ 
dure, Attachment of the jejunum to the stomach {gastroje¬ 
junostomy) after a partial gastrectomy (including pylorec¬ 
tomy) is a Billroth II procedure. In a pyloromyotomy, an 
incision is made through the serosa and muscularis layers of 
the pylorus only. For a pyloroplasty, a full thickness incision 
and tissue reorientation are performed to increase the diam¬ 
eter of the gastric outflow tract. 
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COMPLICATIONS 


Surgical complications are common because of the initial 
malnourished and debilitated condition of affected animals 
and concurrent aspiration pneumonia. Approximately 80% 
of patients are expected to survive the initial postoperative 
period. Persistent regurgitation is the most common postop¬ 
erative problem. Preoperative client education must empha- 
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Soft Tissue Surgery 


PREOPERATIVE CONCERNS 


TABLE 21-20 


Gastric surgery is commonly performed to remove foreign 
bodies (see p* 352) and to correct gastric dilatation-volvulus 
(see p* 354)* Gastric ulceration or erosion (see p. 363), neo¬ 
plasia (see p* 366), and benign gastric outflow obstruction 
(see p, 360) are less common indications* Gastric disease 
may cause vomiting (intermittent or profuse and continu¬ 
ous) or iust anorexia* Dehydration and hypokalemia are 
common in vomiting animals and should be corrected be¬ 
fore induction of anesthesia* Alkalosis may occur as a result 
of gastric fluid loss; however, metabolic acidosis may also be 
seen* Hematemesis may indicate gastric erosion or ulcera¬ 
tion or coagulation abnormalities. Peritonitis arising from 
perforation of the stomach caused by necrosis or ulceration 
often is lethal if not treated promptly and aggressively (see 
p. 267). Aspiration pneumonia or esophagitis may also occur 
in vomiting animals. If possible, severe aspiration pneumo¬ 
nia (see p. 308) should be treated before induction of anes¬ 
thesia for gastric surgery. 

Mild esophagitis generally can be treated by withholding 
food tor 24 to 48 hours (see p* 308) and need not delay gastric 
surgery. However, severe esophagitis may necessitate with¬ 
holding oral food for 7 to 10 days. A gastrostomy tube (see p. 

be considered if continued 


Select ed Anes thetic Pro tocoIs for Use in Stable Animals 
with Gastric Disorders 


Premedication 


Give atropine (0.02-0.04 mg/kg SC, IM] or glyca- 


pyrrolate 

(0.005-0.01 1 mg/kg SC, IM) plus oxymorphone (0,05 
0.1 mg/kg SC, IM) or butorphcmd (0.2-0,4 mg/kg 
SC, IM), or buprenorphine (54 5 pg/kg IM) 


Induction 


IV) or propofol (4-6 mg/kg IV) 
tazepam and ketamine (di¬ 
azepam 0.27 mg/kg plus 5.5 mg/kg ketamine IV, 
titrated to effect) 

Maintenance 

Isofturane sevoflurane, or 


Thiopental (10-12 mg/kg 

or o combination of die 


SC, Subcutaneous; IM, intramuscular; IV, intravenous. 


TABLE 21-21 


during surgery may 


78) 


Selected Anesthetic Protocols for Use in Patients 
That Are Hypovolemic, Dehydrated, or Shocky* 


vomiting is not expected. If continued vomiting is likely, an 
enteral feeding tube should be placed (see p* 85). Treatment 


with ^-antagonists (be*, cimetidine, ranitidine, famotidine; 
see Table 21-16) or omeprazole may be necessary. Orally ad¬ 
ministered sucralfate slurries protect denuded mucosa and re¬ 
duce esophageal inflammation and should be given 1 hour af¬ 
ter other medications (see p. 365). Administration of 
metodopramide may be considered to improve gastric emp¬ 
tying. Antibiotics effective against oral contaminants (e.g,, 
ampicillin, amoxicillin, clindamycin, cephalosporins) should 
be considered (see Table 21-17), 

When possible, food should be withheld for 8 to 12 hours 
before surgery to ensure that the stomach is empty* However, 
fasti tig for only 4 to 6 hours may help prevent hypoglycemia 
in pediatric patients (see the discussion on anesthetic and 
surgical management of pediatric patients below). Surgery 
for gastric obstruction, distention, malpositioning, or ulcer¬ 
ation should be performed as soon as possible after the ani¬ 
mal’s condition has been stabilized. 


Dogs 


Oxymorphone (0.1 mg/kg IV) plus diazepam 


(0.2 mg/kg IV) 


Give In incremental! dosages. Intubate if possible, if 
necessary give etomidate (0.5-1.5 mg/kg IV). As an 

alternative, give thiopental or propofol at extremely 
reduced dosages. 


Mam fen once 

Isoflurane 


Prem education 

Butorphanol [0.2-0,4 mg/kg SC, IM) or buprenorphine (5- 
15 pg/kg IM) or oxymorphone (0.05 mg/kg SC, IM| 

Induction 

Diazepam (0,2 mg/kg IV) followed by etomidate (0.5 
g/kg IV). As an alternative, give thiopental or pro 
fol at reduced dosages, if there are no contraind^ca- 
Hons to ketamine, reduced dosages of diazepam and 
ketamine may also be used. 

Maintenance 

Isoflurane 


1 
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ANESTHETIC CONSIDERATIONS 


P 


Numerous anesthetic protocols have been used in animals 
with gastric disorders (Tables 21-20 and 21-21). Because 
vomiting, reflux, and aspiration are common, anticholiner¬ 
gics fi.e,, atropine or glycopyrrolate) should be considered to 
reduce gastric secretion and damage to the esophageal mu¬ 
cosa or respiratory tract. Nitrous oxide should be avoided 
whenever gastric or intestinal distention is present (e.g., gas¬ 
tric dilatation-volvulus, intestinal volvulus or torsion), be¬ 
cause it rapidly diffuses into gas-filled areas, causing addi¬ 
tional organ distention. Dogs may be premedicated with 
an anticholingeric and oxymorphone, butorphanol, or 
buprenorphine and induced with 


e; 


or se 


rane 


* Anticholinergics may be administered if indicated. 
iV f Intravenous; SC, subcutaneous; IM, intramuscular. 


propofol, or a combination of diazepam and ketamine 
ven slowly intravenously). A combination of gxyim- 
phone and diazepam given intravenously may be sufficient 
for induction of severely depressed dogs. If additional drugs 
are needed for intubation, etomidate or a reduced dosage cl 
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a thiobarbiturate or propofol niav be administered intra¬ 
venously. Rapid induction and immediate intubation are es¬ 
sential if vomiting is a concern; however, mask induction is 
acceptable if vomiting is not a concern, Isoflurane or sevofiu- 
rane are the inhalation agen ts 


lively small in carnivores, it is easy to identify on radiographs 
because it typically is filled with gas. The body of the stom¬ 
ach (the middle one third) lies against the left lobes of the 
liver. The pyloric antrum is funnel shaped and opens into 
the pyloric canal. The pyloric ostium is the end of the pyloric 
canal that empties into the duodenum. 


in arrhythmic patients. 

Animals younger than 6 months of age should be anes¬ 
thetized with care. Because hepatic glycogen stores are rap¬ 
idly depleted during fasting in puppies and kittens, tasting 
longer than 4 to 6 hours is not generally recommended. If 
you are unable to monitor the blood glucose level, intra¬ 
venous fluids containing balanced electrolytes in a 2.5% dex¬ 
trose solution should be given for surgeries lasting longer 
than 1 hour or if anesthetic recovery is delayed. Hypother¬ 
mia. commonly develops in puppies and kittens during sur¬ 
gery because they have a higher surface area to body weight 
ratio, which results in greater heat loss by radiation and 
evaporation. Hypothermia may cause bradycardia, low car¬ 
diac output, and hypotension, which may prolong drug 
elimination and anesthetic recovery. Drugs that normally re¬ 
distribute to muscle or fat have prolonged effects in puppies 
and kittens after repeated administration. Reduced hepa¬ 
torenal function may also prolong drug effects. Phenoth- 
iazme tranquilizers should be used with care in animals 
younger than 3 months of age, because the drugs may cause 
prolonged central nervous system depression. If used, phe- 
nulhiazines should be given at one fourth to one half the 
adult dose. Opioids can he used in young animals; however, 
they should be given at half the adult dose, and large or mul¬ 
tiple doses should not be gi ven, 


NOTE • The gastric mucosa accounts for one half 
of its weight. You can easily separate the mucosa 
From the submucosa and serosa when raising flaps 
or making partial thickness incisions during 
tropexy or py loro my atomy. 


The gastric (lesser curvature) and gastroepiploic (greater 
curvature) arteries supply the stomach and are derived from 
the celiac artery. The short gastric arteries arise from the 
splenic artery and supply the greater curvature. The portion 
of the lesser omentum that passes from the stomach to the 
liver is the hepatogastric ligament. The stomach of the beagle 
holds more than 500 ml of fluid when distended (a mature 
cats stomach may hold 300 to 350 ml). When the stomach is 
highly distended, it can be palpated beyond the costal arch. 


NOTE • The short gastric vessels often are avulsed 
in animats with gastric dilatation-volvulus, which typ¬ 
ically accounts for the mtraabdominal hemorrhage 
seen in these cases (see also the discussion of gas¬ 
tric dilatation-volvulus on p, 354), 


ANTIBIOTICS 


SURGICAL TECHNIQUES 


Perioperative antibiotics may be used if the gastric lumen 
will be entered; however, animals with normal immune 
function undergoing simple gastrotomy (i.c\, proper aseptic 
technique and no spillage of gastric contents) rarely require 
them. If antibiotics are used {e.g„ cefazolin; Table 21-22), 
they should be given intravenously before induction of anes¬ 
thesia and continued for up to 12 hours postoperatively* Ex¬ 
cept for Helicobacter organisms, bacteria are scarce in 
stomach compared with other parts of the gastrointestinal 
tract because of the low gastric pH. 


Gastric surgery often is performed in small animals. Gener¬ 
ally, performing a gastrotomy is safer than performing an 
esophagotomy or enterotomy. Peritonitis is uncommon after 
gastrotomy if proper techniques arc used. Stricture or ob¬ 
struction is also rare. 


Gostrotomy 

The most common indication for gastrotomy in dogs and 
cats is removal of a foreign body (see p. 352). If endoscopy is 
available, removal of the foreign body with the appropriate 
retrieval device is preferred when possible. Likewise, endo¬ 
scopic gastric mucosal biopsy and exploration for ulcera¬ 
tion, neoplasia, or hypertrophy are preferred over gastro¬ 
tomy unless a scirrhous or submucosal lesion is present. 


SURGICAL ANATOMY 


The stomach can be divided into the cardia, fundus, body, 
pyloric antrum, pyloric canal, and pyloric ostium. The 
esophagus enters the stomach at the cardiac ostium. The 
fundus is dorsal to the cardiac ostium, and although rela- 


Make a ventral midline abdominal incision from the xiphoid 
to the pubis. Use Balfour refractors to retract the abdominal 

wall and provide adequate exposure of the gastrointestinal 
tract Inspect the entire abdominal contents before incising 
the stomach , To reduce contamination, isolate the stomach 
from remaining abdominal contents with moistened laparo¬ 
tomy sponges . Place stay sutures to assist in manipulation of 
the stomach and help prevent spillage of gastric contents . 
Make /be gastric incision in a hypovascular area of the ven¬ 
tral aspect of the stomach , between the greater and lesser 


0 


TABLE 21-22 


Perioperative Antibiotic Therapy 


Cefazolin [Ancef or Kefao$) 

20 rng/kg given intravenously at induction; repeat once 
or twice at 4- to 6-hour intervals 
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Soft Tissue Surgery 


curvatures (Fig , 21 -57). Make sure the incision is not near 
the pylorus , or o/osure of /be incision may cause excessive 
tissue to be enfolded into the gastric lumen , resu/ting in out¬ 
flow obstruction t Make a stab incision into the gastric lumen 
with a scalpel (Fig. 21 -58, A) and enlarge the incision with 
Metzenbaum scissors (Fig r 21 -58, Bj* Use suction to aspirate 
gastric contents and reduce spillage . Close the stomach with 
2-0 or 3-0 absorbable suture material (e.g, f polydioxanane, 

polyglyconate) in a twodayer inverting seromuscular pattern 
(Fig. 21-58, C). Include serosa , muscularis , and submucoso 


in the first layer , using a Cushing or simple continuous pah 
tern , then follow it with a tembert or Cushing pattern that in¬ 
corporates the serosa/ and' muscularis layers (Fig, 21 - 58[ Dj, 
As an alternative , close the mucosa in a simple continuous 
suture pattern as a separate layer to reduce postoperative 
bleeding. Before closing the abdominal incision f substitute 
sterile instruments and gloves far those contaminated by gas¬ 
tric contents. Whenever you remove a gastric foreign body, 
he sure to check the entire intestinal tract for additional ma¬ 
teria/ that could cause an intestinal obstruction.. U 

Partial Gastrectomy and Invagination 
of Gastric Tissue 

Partial gastrectomy is indicated when necrosis, ulceration,or 
neoplasia involves the greater curvature, or middle portion, 
of the stomach. Necrosis of the greater curvature is primarily 
associated with gastric dilatation-volvulus (GDV) and may 
be treated by resection or invagination* Invagination does 
not require opening of the gastric lumen; however, obstruc¬ 
tion from excessive intraluminal tissue is possible, although 
rare. The extent of necrosis is assessed by observing the 
serosal color, gastric wall texture, vascular patency, and 
bleeding on incision; however, in many cases it is difficult to 
determine tissue viability with these techniques (see p. 372 
for a discussion of methods lor determining tissue viability). 
Necrotic tissue may range in color from gray-green to black 
and often feels thin. A full thickness incision can be made 
into the suspected necrotic tissue to assess arterial bleeding 
Intravenous fluorescein dye has not proved to be an accurate 
method of determining gastric viability in dogs with GDV. 
Generally, if you question the viability of the gastric tissue, 




Preferred location of gastrotomy incisions 
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FIG 21-56 

Gostrofomy. A, Make a slab incision into the gastric lumen with a scalpel. B, Enlarge the 
incision with Metzenbaum scissors. C and D, Close the stomach with a two-layer inverting 
seromuscular suture pattern. 
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Chaptc]■ 21 Su rgery of the Digestive System 


for necrotic tissue. Most neoplasms in the gastric body have 
metastasized by the time they are diagnosed. If the abnormal 
tissue involves the dorsal or ventral aspect of the stomach, an 
elliptic incision encompassing the lesion and some adjacent 
normal tissue is used. Closure is as for a simple gastrotomy. 
Occasionally the extent of the lesion requires resection of both 
the dorsal and ventral walls of the stomach. 


remove it or invaginate it. Failure to remove or invaginate 
necrotic tissue may result in perforation, peritonitis, and 
death, Melena is commonly observed for a few days after 

gastric invagination. 


r - 




NOTE * Do not use mucosal color to predict gastric 
viability; the mucosa is commonly black in dogs with 
GDV because of vascular obstruction. Damage to 
the mucosa may predispose these animals to gastric 
ulceration. 


in such cases , ligate branches of the right and left gastric ar 
te ry and vei n (tes ser c urva tv re) and left gas fraep ip loic artery 
and vein (greater curvature) and remove the omental at¬ 
tachments. After removal of the suspect tissues , perform 
two-layer end-to-end anastomosis of the stomach. If the lu¬ 
minal circumferences 


- 


a 


Fo remove the greater curvature of the stomach, ligate 

branches of the left gastroepiploic vessels or 
vessels for bofej along the section of the stomach to be re¬ 
moved (Fig. 21-59). Excise the necrotic tissue , leaving a 
margin of norma/, actively bleeding tissue to suture. Close 
tfie stomach in a two-layer inverting pattern using 2-0 or 
3-0 absorbable suture (e.g. f polydioxanone, polyglyconate). 
Incorpo ro te the submucosa , m uscularis f and se rose/ layers in 
a Cushing or simple continuous pattern in the first layer Then 
use a Cushing or Lembert pattern to invert the serosa and 
m uscula ns over th e fi rs f laye r. As an a I terna ft ve f yo u may u se 
a thoracoabdominal (TA) stapling device to dose the inci¬ 
sion. To invaginate necrotic tissue , use a simple continuous 
suture pattern followed by an inverting pattern. Place sutures 
h healthy gastric tissue 

be invaginated, bringing the healthy tissue over 
the necrotic tissue. Make sure the sutures are placed i 
h ea fifty tissu es to preven t dehisconce. 


of disparate size 

cumference can be partly closed using a 
pattern (see Fig , 21-61, BJ. Close the mucosa and submu¬ 
cosa of the dorsal surface of the stomach in a simple contin¬ 
uous pattern using 2-0 or 3-0 absorbable suture fe.g., poly- 
dioxanone , polyglyconate}, then with the same suture close 
the ventral aspect. Suture the serosa and m uscutaris layers in 
an inverting pattern (e.g., Cushing or Lembert). 


the larger dr - 
two-layer suture 


short gastric 
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Temporary Gastrostomy 

Temporary gastrostomy is used to decompress the stomach 
and occasionally is indicated in dogs with GDV until more 
definitive surgery can be performed (see p. 357 for indica¬ 
tions). It is recommended only if surgery must be delayed 
and alternative techniques fail to keep the stomach decom¬ 
pressed (see p. 357). Gastric necrosis may continue in ro¬ 
tated stomachs even after decompression. Temporary 

gastrostomy usually can be performed with local anesthe¬ 
sia (i,e„ 2% lidocaine) using a reverse 7 local block (Fig, 
21-60, A) or direct infiltration over the proposed incision. 
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Removal of neoplasia (see p. 368) or ulceration (see p, 366) 
of the greater or lesser curvature is similar to that described 
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FIG 21-59 

To remove the greater curvature of the stomach, ligate branches of the left gastroepiploic 
vessels or short gastric vessels (or both) and excise the necrotic tissue. Close the stomach 
with a two-layer inverting suture pattern. 
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Pylorectomy with Gastroduodenostomy 
(Billroth I) 

Removal of the pylorus and gastroduodenostomy are indi¬ 
cated for neoplasia (see p. 366), outflow obstruction caused 
by pyloric muscular hypertrophy (see p. 360), or ulceration 
of the gastric outflow tract (see p. 363). If neoplasia is pres¬ 
ent, at least 1- to 2-cm margins of normal tissue should be 
removed with the abnormal tissue. The margins of the re¬ 
sected tissue sh ould b e e va 1 u a led h is to 1 o g ica 11 y to r evi de nce 
of neoplasia. If the common bile duct has been damaged, a 
ch ole cy stoduo de n o s to my or ch o lecys toj ej unos tom y m ay be 


Tranquil ization or sedation may be necessary If the dog is 
fractious. 




full thickness incision in the right para- 
costal body wall and identify the stomach (Fig. 21-60 , B)> 
Before incising into the gastric lumen , suture the stomach to 
skin using a simple continuous pattern (Fig. 21*60, C). Then 
make an incision in the stomach (Fig. 2h60, DJ, Make 
the stomach is securely sutured to the skin to prevent leakage 
of gastric contents subcutaneously. Place Vaseline on the skin 
to preven t s ea Iding fro m gas trie co n ten ts . 
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FIG 21-GO 

Temporary gastrostomy. Usually a reverse 7 loca I block (A) or direct infiltration over the 
ropased incision can be used. B, Make a full thickness incision in the right paracostal 
oay wall and identify the stomach. C, Suture the stomach to the skin using a simple 
continuous pattern., D, Make an incision in the stomach. 
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Chapter 2J Surgery of the Digestive System 


ing 2 0 or 3-0 absorbable suture material fpolydioxanone, 
polyglycanate, or poliglee apron e 25} in o simple continuous f 
crushing, or simple interrupted pattern . In one study no dif¬ 
ference was noted in the prevalence of postoperative leak¬ 
age and incisional dehiscence between one-layer and two- 
layer closures . Close the far (dorsal) aspect of the incision 
first (Fig, 21-61 , C), followed by the near (ventral) aspect 
(Fig, 21 -61, D). Avoid inverting excessive tissue , which 
might reduce the diameter of the gastric outflow tract. 


required (see p. 478). If the pancreatic ducts are inadver¬ 
tently ligated* supplementation with pancreatic enzymes 
may be necessary postoperatively. 


NOTE * Use extreme care when incising in the py¬ 
loric area to avoid damaging the common 
where it traverses the lesser amentum, 


Identify the common bile duct and pancreatic ducts , then 
place stay sutures in the proximal duodenum and pyloric 
antrum . If in creased caudoventral retraction of the pylorus i 


Partial Gastrectomy with 
Gastrojejunostomy (Billroth II) 


IS 


desired, identify and transect a portion of the hepatogastric 


If the extent of the lesion precludes end-to-end anastomosis 


ligament. Ligate branches of the right gastric and right 


of the pyloric antrum to the duodenum, consider a Billroth 


fnpepip/o/c artery and vein to the affected tissues and remove 


It procedure. If only mucosal hypertrophy is present, a Y-U 


ffie omental and mesenteric attachments (Fig. 21-61, A)> Use 


pyloroplasty (see below) is easier to perform and is effective. 


fingers to occlude the stom- 


noncrushing (Doyen) forceps 


Before undertaking this procedure, make sure that there is 


oc/i and duodenum proximal and distal to /ho area to be re- 


gross evidence of metastasis (see p. 366 for information 


no 


sorted. With Metzenbaum scissors or a scalpel blade 


regarding gastric neoplasia)* In most cases a cholecystoje- 


exase 


/lie area of pylorus to be removed and inspect the remain ing 


j unostomy or cholecvstoduodenostomy is required in addi- 


edpes to ensure that all abnormal tissue has been excised* // 
/he gastric and duodenal lumens are markedly different in 


tion to the gastrojejunostomy (see p* 478). Exocrine insufti- 


d am aged. 


if the pancreatic ducts 


are 


ciency may 


partly dose the 


size, incise /fie duodenum at an angle 


diabetes mellitus) pancreatic 


Exocrine plus endocrine (i.e 


or 


Perform a one- or twodayer end-to- 


insufficiency may occur as a result of pancreatic resection or 


6J,BJ 


(Fig 


21 


on /ru m 


end anastomosis of /he pyloric antrum to the duodenum us 


severe damage to the pancreatic blood supply. 


A 




FIG 21-61 


Billroth I procedure. A, Ligate the vasculature, remove the omental and mesenteric attach 
ments, and excise the area of the pylorus to be removed. B, If the gastric and duodenal 
lumens are markedly different in size, incise the duodenum at an angle or partly dose the 
antrum. C, Close the far (dorsal) aspect of the incision first. D, Close the near (ventral) 


aspect. 
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The procedure is similar to a Billroth I except that the dis 
tat stomach and proximal duodenum are dosed after 
lo recto my, and the jejunum is attached with a side-to-side 
anastomosis to the diaphragmatic surface of the stomach. 


pattern using 3-0 or 4-0 absorbable suture (Fig. 2h62 f Ej, 

Next f place a continuous suture pattern m the serosa ond rntc- 

cularis. Use of stapling devices has also been described for 
stump closure and creation of th 


py- 


go s trojej unostomy. 


Q 


Resect the pylorus , antrum, and proximal duodena 
scribed above , ligating appropriate brooches of the right 

and left gastric and gastroepiploic vessels (Fig. 21-62 , A). 

Close the duodenal and pyloric antral stumps in a two-layer 
pattern - for the first layer ; incorporate the mucosa and sub- 

or simple continuous pattern 

using 2-0 or 3-0 absorbable suture (Fig. 21 - 62, B). Th 

the set omuscu - 


* 


Pyloromyotomy and Pyloroplasty 

Pyloromyotomy and pyloroplasty increase the diameter of 
the pylorus and are used to correct gastric outflow obstiuc- 

mucosal hypertrophy or pyloric 
stenosis). However, they should not be performed routinely 
dogs without evidence of pyloric dysfunction ( 
dogs with GDV)> because they can slow gastric emptying. 
Gastric outflow procedures that increase the diameter of the 
pyloric lumen seem to favor early passage of viscous 

homogeneous, and hyperosmolar gastric contents into the 
duodenum. This early passage 

terogastric reflex, prematurely inhibiting antral motor activ¬ 
ity and delaying gastric emptying. In addition, gastroduode- 

if pyloric function is altered by surgery. 

may be beneficial in these 
cases. Low doses of erythromycin may also stimulate gastric 
emptying (Table 21-231 


as de¬ 


ni 


tion (he., chronic antral 


mucosa in a simple interrupted 




in 


en use 




i 


inverting suture pattern (e,g., Lambert) i 
lar layer Identify an avascular area between the gastric i 

and greater curvature . Bring a loop of proximal je- 

to the selected site and attach it to the stomach with 

stay su tares . Suture the seromuscular layers of the stomach 
and intestine together using 


an 


in 
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urn 
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a simple continuous pattern with 

2-0 or 3-0 absorbable suture (Fig. 21-62 , C), Make full thick - 

ness, longitudinal incisions into the stomach and intestinal lu~ 

near the suture line (Fig. 21 -62, DJ, Suture the 
and submucosa of the stomach to the intestine in a continuous 
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Metod opr amide (Table 2G23) 
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FIG 31-63 

Btllrofh II procedure. A, Resect the pylorus, antrum, and proximal duodenum. B, Close th 
duodenal and pyloric antral stumps with a twolayer suture pattern. C, Bring a loop of 
proximal jejunum to the stomach and suture the seromuscular layers of the stomach ond 
intestine together. D, Make full thickness, longitudinal incisions into the stomach and 
intestinal lumens, E, Suture the mucosa and submucosa of the stomach to the i 

with a continuous suture pattern. 
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Chapter 21 


Make a full thickness i, longitudinal incision in the ventral sur¬ 
face of the pylorus (Fig. 21-64), Place traction sutures at the 
center of the incision and orient the incision transversely, Su¬ 
ture the transverse incision in a one-layer pattern (simple in¬ 
terrupted or crushing) using 2-0 or 
Place the sutures carefully so 
properly aligned and tissue inversion is avoided. 

Y-U pyloroplasty. The Y-U pyloroplasty allows greater 
accessibility for resection of the pyloric mucosa in dogs with 
mucosal hypertrophy while simultaneously increasing the 
luminal diameter of the outflow tract. 


Fredet-Ramstedt pyloromyotomy, Fredet-Ramstedt 

pyloromyotomy is the simplest and easiest of these proce¬ 
dures. It does not allow inspection or biopsy of the pyloric 

and probably provides only temporary benefit be¬ 
cause healing may reduce the size of the lumen. 

Ho/d the pylorus between the index finger and thumb i 
ifie nondominant hand l Select a hypovascular area 
ventral pylorus and make a longitudinal incision through 
the serosa and muscularis hut not through the mucosa (Fig. 
21-63). Make sure the muscularis layer 

to allow the mucosa 

coso is inadvertently penetrated, close it with interrupted 
tures of 2-0 or 3-0 absorbable suture material . 


m u co sa 


3-0 absorbable suture. 


that the incision edges are 


m 


of the 


completely incised 


to bulge into the incision site , /f fhe 


rn u - 


su~ 


Make a longitudinal incision (limb} in the serosa overlying 
th e ven fra I pylorus and exten d it in to the s tomach by mo fc ing 
two incisions (arms} that run 1 

greater curvature of the stomach (creating a Y-shaped inci¬ 
sion} (Fig. 21-65, A}. Make 

overly narrow , or necrosis may result. The limbs and arms of 
the Y-shaped incision should be approximately the same 

/engrfr. Mate a 
and resect it if necessary, if the mucosa is resected, appose 

the remaining mucosal edges in a continuous pattern us mg 

absorbable 3-0 to 4-0 suture before closing the Y incision . 

Suture the base of the antral flap to the distal end of the 


parallel to the lesser and 


Heineke-Mikultcz pyloroplasty, Heineke-Mikulicz 
pyloroplasty allows limited exposure of the pyloric mucosa 
for biopsy and is easy to perform. 


me angle of the Y is not 






A 


full thickness incision . inspect the mucosa 


TABLE 21-23 






Prokinedc Drugs 


Metodopramide {Region) 

0.25-0.5 mg/kg PO, IV or SG r sid to qid 


Erythromycin 


1-2 mg/kg bid to tid 


PO,, Oral; IV, intravenous; SC, subcutaneous; sid, once a day; qid, 
bur times a day; tid, three times o day. 
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FIG 21-64 

Helneke-Mikuticz pyloroplasty. 


FIG 21-63 

Fredet-Ramstedt pyloro myotomy. 
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duodenal i no sion in a simple interrupted pattern using ab¬ 
sorbable 2-0 or 3-0 suture , creating a U -shaped closure (Fig, 
2 l -65, Bj r Close the remainder of the incision (the limbsj with 
simple interrupted sutures (Fig. 21-65, C). Make sure that tis¬ 
sue approximation is adequate to prevent leakage and that 
minimal tissue has been enfolded into the pyloric lumen . 


Gasfropexy 

Gastropexy techniques are designed to permanently adhere 
the stomach to the body wall. The most common indications 
are GDV (pyloric antrum to right body wall) and hiatal her¬ 
niation (fundus to left body wall). Numerous gastropexy 
techniques have been described. Although the strength and 
extent ot adhesions created by these techniques differ, all of 

them (when properly performed) prevent movement of the 
stomach. 


NOTE • To reduce necrosis of the pointed tip of the 
gastric tissue flap, you may wish to excise the point 
of the Y before suturing it. 


NOTE * To create a permanent adhesion, the gas- 
trie musete must be in contact with the muscle of the 
body wall; intact gastric serosa does not Form per¬ 
manent adhesions to an intact peritoneal surface. 


I 


A technique for gastropexy has been described in which 
the stomach is incorporated into the abdominal incision 
during closure (Meyer-Lin den berg et al„ 1993). Although 
this technique is easy and quick and reduces the 
of GDV, it results in the stomach being permanently adhered 
to the ventral body wall. The main advantage of the proce¬ 
dure is that it can be performed quickly. However, the subse¬ 
quent abdominal exploration via a midline abdominal inci¬ 
sion could perforate the stomach. Therefore although this 
technique is preferable to not performing any type oFpexyf 
it is not generally recommended. Surgeons should become 
familiar with one of the techniques described below. 

Tube gastropexy. Tube gastropexy (gastrostomy i i> 
quick and relatively simple (Fig, 21-66). Also, it allows post¬ 
operative gastric decompression and placement of medica¬ 
tions directly into the stomach in inappetent animals. The 
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FIG 21-65 

Y-U pyloroplasty. A, Make 


a Y-shaped incision in the pylorus 
and pyloric antrum. B, Begin by suturing the base of the antra 
flap to the distal point of the duodenal incision, C, Close the 
remainder of the incision in a 


FIG 21-66 

gastropexy. 


U-shape. 
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around the site after the stomach has been secured to the 
body wall.) Inflate the bulb of the Foley catheter with saline 
(not air) and secure the purse-string suture around the tube . 
Preplace three or four absorbable sutures between the 
pyloric antrum and the body wall where the tube exits (Ftg. 
21-67\ B| Avoid penetrating the catheter or balloon when 
placing the sutures. Draw the stomach to the body wall by 
placing traction on the catheter and tie the preplaced sutures 

(Fig. 21-67 ' Cj. Secure the tube to the skin with a Roman 
sandal suture pattern (see p. 792) but avoid penetrating it 
with a suture. Place a bandage around the dog's abdomen 
and over the tube to prevent premature removal (use 
abethan collar if necessary) r Leave the tube in place 7 to 10 
days , then deflate the balloon and remove it. Leave the skin 

to facilitate drainage. Place a light bondage 

the open wound if desired. 


tube should be left in place 7 to 10 days to form a permanent 
adhesion. Although this may lengthen the postoperative 
hospitalization period compared with other techniques, the 

be capped and secured against the trunk and the 
patient sent home on oral feeding. The risk of leakage is 
minimal if proper technique is used; however, improper 
placement may result in peritonitis, 

MaJce a stab incision into the right abdominal wall caudal to 

the fast rib and 4 to 10 cm lateral to the midline. Place a 
Fofey catheter (18 to 30 French) through the stab incision . 
Select a site m a hypovascular region of the seromuscular 
layer of the ventral surface of the pyloric antrum where the 
balloon of the catheter will not obstruct gastric outflow, place 
a purse-string suture of 2-0 absorbable suture (e.g. t poly- 
dioxanone, polyglyconafe) at this site. Make a stab incision 
through the purse-string suture and insert the Foley catheter 

tip Info fbe gastric lumen (Fig. 21-67\ AJ. (Note: The Foley 

be placed through the omentum before entry 
into the stomach so that the omentum is secured between the 
stomach and body wall 
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NOTE * Cut the tip off the end of the Foley catheter 
if food or viscous 

Inflate the balloon with saline, not air. 
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FIG 21-67 

Tube gastropexy. A, Insert the tip of a Foley catheter into the gastric lumen through 
purse-string suture, B, Preplace three or four absorbable sutures between the pyloric antrum 
and the body wall where the tube exits. C, Draw the stomach to the body wall and tie the 
preplaced sutures. Secure the tube to the skin with a Roman sandal suture pattern. 
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TABLE 21-24 


Circumcostal gastropexy. Circumcostal gastropexy 
forms a stronger adhesion than most other techniques but is 
technically more challenging (Table 21=24). Because the lu- 

of the stomach is not entered, the risk of gastric leakage 

is diminished compared with 

tube gastropexy. Possible complications associated with 
cumcostal gastropexy include pneumothorax and rib fracture. 


Advantages and Disadvantages 
of Circumcostal Gastropexy 


m en 

a net abdo ni i n al co n ta m i na ti on 


Advantages 

* Strong adhesion to body wa 

* Gastric lumen not opened 

Disadvantages 

* More difficult to perform 

■ Risk of pneumothorax 
Possibility of rib fractures 

* Does not provide direct access to gastric lu 
operative decompression is necessary 


- 


ar- 


Make either a one- 
5 to 6 cm 


or two-layer hinged flap (approximately 
long in large dogs) by incising through the 
oscular layer of the pyloric antrum (Fig, 21-68 , AJ. Done/ 
incise the gastric mucosa or enter the lumen (if this 
lure 


serc j 


m 
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if post¬ 


men 


/ 




mucosa with 3-0 absorbable suture). Elevate the flop 
by dissecting under the muscularis. If 


hinged flap is 
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FIG 21 *68 

Circumcostal gastropexy. A, Make a single- or double-layer hinged seromuscular flop in 

the pyloric antrum. B, Make an incision over the eleventh or twelfth rib at the level of th, 

costochondral junction. Form a tunnel under the rib using o Carmalf clomp or hemostat, 

D, Pass the gastric antral flap craniodorsal under the rib and suture if to the original 
gastric margin or to the other flap (see Fig. 16-69). 
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-flop technique; Fig. 21 -69, A) 


original gastric margin (one 
the other flap (two-flap technique ; Fig. 21-69 1 BJ. 


made, place the hinge toward the lesser curvature. Make a 
5' to 6 cm Incision over the eleventh or twelfth rib at the level 

of the costochondral junction (Fig. 21-68, BJ, sure 1 fbe 

does not penetrate the diaphragmatic attachments to 
ftae body wall, causing pneumothorax. Form a tunnel under 
the rib using a Carmalt clamp or hemostat (Fig. 21-68, CJ, 
Place stay sutures on the flap (if using o two-flap technique, 
place the sutures on the flop nearest the lesser curvature}. 
Pass die gastric an fral flap craniodorsal under the rib (Fig. 
21-68. DJ and suture it with 2-0 absorbable sufure to rfie 


or 




Muscular flap (incisional) gastropexy. 

flap (incisional) gastropexy 

and avoids the possible complications associated 

wi th t ub e gastto p exy (Table 21 - 2 5) * 


easier than circumcostal gas- 


is 




muscular layer of the gastric 

antrum. Then make an incision in the right ventfolatefol ab 

dominal wall by incising the peritoneum 
of the rectus abdominis or transverse abdominis muscles 

(Fig. 21 - 70 , AJ. Suture fhe edges of the incisions i 

continuous pattern using 2-0 absorbable or nonabsoi bable 

suture (Fig. 21-70, BJ. Make sure the muscularis layer of th 

stomach is in contact with the abdominal wall muscle (Fig. 
21-70 , CJ. Suture the cranial margin first , then fbe caudal 

stom* 


the 


Make an incision in 


sero 


and internal fascia 


simple 


in a 


e 


margin. As an alternative, you may raise 
ach and body wall to increase the extent of muscle contact 

between these tissues > 


ids in 


Belt-loop gastropexy* A belt-loop gastropexy is simi¬ 
lar to a muscle flap gastropexy except that 
evated and passed beneath a tunnel created in the abdomi 

simple and seems 


single flap is el- 


a 


nal wall. It is technically 


to 


in 


adequate adhesions 


5/e vote a seromuscular flap in the gastric antrum. Make two 

trolateral abdominal wall by 

and abdominal musculature (Fig. 

should be 2.5 to 4 cm apart and 3 


ven 


transverse mastons m 


incising the peritoneum 

21-71 , AJ, The incisions 

to 5 cm long. Create a tunnel under the abdominal muscula¬ 
ture with forceps. Place stay sutures in the edge of the antral 

them to pass the flap from cranial to caudal un¬ 
der the muscular flap (Fig. 21-71, Bj. Suture the flap to its 

original gastric margin in a 
2-0 absorbable or nonabsorbable suture (Fig. 21-71, CJ or 

skin staples. You may wish to place additional sutures be¬ 
tween the body wall and the stomach to reduce tension on 

fbe gastropexy. 


Seromuscular 


layer 


flap and 


use 


■ //////A 


simple continuous pattern using 




B 


M TABLE 21-25 


Advantages and Disadvantages of Muscular Flap 
and Belt-Loop Gastropexy 


Advantages 

* Easy and quick to perform 

* Gastric lumen not opened 

Di s ad va nta ges 

* Less strong than circu 

* Does not provide direct access to gastric I 

operative decompression is necessary 


m 21-69 

A, For a single-flap technique, suture the circumcosta 
she original gastric margin. B, For a double-flap technique 
doss the seromuscuIor flap under the rib and suture it to the 

second flap. 


gastropexy 


to 


if post 


umen 
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FIG 21-70 

Muscular flap gastropexy. A, Make 

antrum and in the right ventrolateral abdominal 
incision 




an incision in 


wall Bjr Suture the edge of the abdominal 
to the gastric incision using a simple continuous pattern. C, Make 

■is layer of the stomach is in contact with the a 




sure the 
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i wan muscle. 
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5 


FIG 21-71 

Belt-loop gastropexy. A, Elevate a seromuscular flap in the gastric antrum. B, Make two 
transverse incisions in the ventrolateral abdominal wall and create a tunnel under the 
abdominal musculature with forceps. Pass the flap from cranial to caudal under the 
muscular flap, C, Suture the flap to its original gastric 


margin. 


cutting needles are sometimes used because they more read 
ily penetrate submucosa and require less stabilization ot tis 

which might result in less crushing. 

Noncrushing forceps (e.g. T Doyen forceps or some 
lar clamps) are useful for occluding the gastric and duodenal 
stumps during gastroduodenostomy or gastrojejunostomy 
procedures (see p. 343). Pediatric Doyen forceps are the ap¬ 
propriate size for occluding the duodenal lumen. It non- 
erushing forceps are not available, the straight portion of an 
Allis tissue forceps can be wrapped with a moistened sponge. 
Crushing forceps, such as Carmalt or Allen torceps> are 
ful for occluding the portion of the gastrointestinal tract to 
be removed but should not be placed on tissues that are not 

to be excised. 


HEALING OF THE STOMACH 


The extraordinarily rich blood supply, reduced bacterial 
numbers (as a result of gastric acidity), rapidly regenerating 
epithelium, and defense mechanisms provided by the omen¬ 
tum allow gastric incisions to heal quickly. Because the 
siomach has a thicker wal 1 than the bowe 1, controlling hem- 
orrhage often is more difficult because bleeding vessels may 
be more difficult to locate. Gentle pressure applied to the 

effective; crushing clamps or for¬ 


me, 


vascu- 


blceding tissues usually is 
ceps and electro cautery should be avoided. 


use 


SUTURE MATERIALS AND SPECIAL 
INSTRUMENTS 


polydiox- 


Monofilament absorbable suture material (he 
anone [PDS], polyglyconate [Maxon], or poliglecaprone 25 
[Mi. iHJcryl)) is preferred for gastrointestinal surgery. These 
Siuiures a re st rong, have minimal tissue drag, and maintain 
tensile strength for longer than 10 days. Chromic gut suture 
is rapidly removed by digestion and phagocytosis and 
should be avoided. Nonabsorbable suture material that pen¬ 
etrates the lumen may cause gastric ulcers to form along the 
suture line if a continuous suture pattern is used, therefore 
nonabsorbable suture material should be avoided in the 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Electrolytes, especially potassium, should be monitored post- 
operatively. Analgesics should be provided as needed. Intra¬ 
venous fluids are continued until the patient is drinking ade¬ 
quate amounts to maintain hydration. If prolonged vomiting 
or anorexia is anticipated, enteral hyperalimentation should 
be provided by means of a gastrostomy tube. If vomiting is 

enterostomy tube may be used (see Chapter 11), 
With planning, feeding tubes can be placed 


a 


taper point needles 


stomach. Smal 1- di ameter, s wa ged - on 
generally arc preferred for gastrointestinal surgery. However, 


concern an 


during the initial 
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surgery so as to avoid a second procedure. Food can he offered 
12 hours postoperatively if there is no vomiting. Electrocar¬ 
diograms (ECGs) should be monitored if arrhythmias were 
present before surgery or are 


TABLE 21-26 


Important Considerations for Gastric Foreign Bodies 


a nti c i p a ted postoperat t veiy. 


Initial clinical si 


signs may not alert the owner to serious- 


COMPLICATIONS 


ness of condition. 

* Linear foreign objects must be resolved as soon as pas¬ 
sible to avoid intestinal perforation and peritonitis. 

* Not all animals with gastric foreign objects vomit. 

* Finding a foreign object in the stomach does not mean 
that it is always the cause of vomiting. 


Complications associated with gastric surgery may include 
vomiting, anorexia, peritonitis that occurs secondary to in¬ 
traoperative or postoperative leakage, ulceration at anasto¬ 
motic sites, gastric outlet obstruction, and pancreatitis. 




foreign bodies 


in cats; always 

check under the tongue (this often requires sedation) 

* Many foreign objects can be removed endascopically. 

* Complete exploration of the entire intestinal tract is 
mandatory, 

* Always repeat the radiographs immediately before sur¬ 
gery to make sure that the object has not moved. 


are more common 


SPECIAL AGE CONSIDERATIONS 


Young animals should not have food withheld for longer 
than 4 to 6 hours before surgery and should be fed as soon 
they are fully recovered from the anesthesia. If they 
nor be ted. blood glucose concentrations should be main¬ 
tained by adding glucose to the intravenous fluids (see the 
discussion of anesthesia 


as 


p, 339). Polydioxanone suture 
cause calcinosis circumscripta in young 


on 


has been re p o rted to 

dogs. Because the skin of puppies and kittens is delicate and 
elastic, skin sutures should be placed loosely Geriatric ani¬ 
mals may have delayed wound healing and 
mu no suppressed as a result of concurrent disease (e.g„ dia¬ 
betes mellitus, Cushing’s disease). Strong absorbable 
nonabsorbable suture material should be used 


may be im 


or 


in these pa 

dents and prophylactic antibiotic therapy initiated at indue 

tion of anesthesia. 


Suggested reading 


Possum TW, Rohn DA, Willard MD: Presumpti 


ve iatrogenic gastric 

outflow obstruction associated with prior gastric surgery, J Am 
Artim Hosp Assoc 31:391, 1995. 

Hosgnod G: Surgical and anesthetic management of 

kittens, Compend Cant Educ Pract Vet 14:345, 1992, 

Meyer-Lindenberg A et al; Treatment of gastric dilatation-volvulus 

and a rapid method for prevention of relapse in dogs: 134 cases 

(1988-1991), J Am VetMedAssoc 203:1303,1993. 


P U P pi cs 


FIG 21-72 

Plication in the intestines of a cat caused by a string foreign 
body (Courtesy Dr. J. Hauptmary Michigan State University.) 


asymptomatic, incidental findings 

□graphs. Dogs are indiscriminate eaters and often ingest 
rocks, plastic toys, cooking bags, and other objects. Cats more 
commonly ingest linear material (e.g„ yarn or sewing thread 
attached to a needle). In cats, linear foreign bodies frequently 
are anchored under the tongue or at the pylorus and often 
cause intestinal plication (Fig* 21-72). Noxious stimuli or dis¬ 
tention of the duodenum or pyloric antrum stimulates 
iting, whereas similar stimulation of the gastric body often 

does not. Therefore vomiting often is intermittent occurring 
when the object is forced into ihe pyloric antrum. 

Foreign bodies may occur in the stomach and small 
tine concurrently therefore the entire intestinal tract should 
be explored thoroughly whence 


on abdominal radi- 


SPECIFIC DISEASES 




GASTRIC FOREIGN BODIES 


DEFINITIONS 


A gastric foreign body is anything ingested by an animal 
that cannot be digested (i.e„ rocks, plastic) 


or that is slowly 
digested (bones). Linear foreign bodies usually are pieces of 
string, yarn, thread, cloth, or dental floss. 


in tes* 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


rer surgery is done to remove 

gastric foreign body. If endoscopic removal is selected, h 
sure to examine the small intestine as far 

biuni foreign bodies may pass through the digestive system 

without causing harm, however, most should be removed 

when they are diagnosed because of the risk of obstruction 
and perforation. Repeat radiograph 


a 


\h f ! 


Gastric foreign bodies usually cause vomiting as a result of 
outflow obstruction, gastric distention, or mucosal irritation 
{or all three) ( I able 21-26). Occasionally, however, gastric 
foreign bodies (he., pins, pieces of wire 


surgical sponges) are 


s are indicated mime 
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Chapter 21 Surgery of the Digestive System 


Laboratory Findings 

The laboratory findings depend on the severity and duration 
of the obstruction; they cannot be predicted. Laboratory pa¬ 
rameters may be normal or may show only changes caused 
by dehydration (packed cell volume, total protein, blood 
urea nitrogen, and creatinine)* If vomiting causes loss of gas- 
trie secretions, a hypochloremic, hypokalemic metabolic al¬ 
kalosis with paradoxical aciduria may occur. Sometimes a 
metabolic acidosis occurs because of dehydration and subse¬ 
quent lactic acidosis* 


ately before surgery; even if only a few hours have elapsed 
since the initial radiographs, the object may exit the stomach 
tind be located in either the small intestine or the colon. For¬ 
eign objects in the colon usually are eliminated without diffi¬ 
culty unless they have sharp edges that catch in the amis. 

DIAGNOSIS 

Clinical Presentation 

Signalment, Young animals more commonly ingest for¬ 
eign bodies lhan do older animals, and gastric or intestinal 
foreign bodies should be suspected in any puppy or kitten 
presented for treatment of acute or persistent vomiting. 

History, Most animals with gastric foreign bodies have 
vomiting, anorexia, or depression or all three. The vomiting 
may be intermittent and some animals may continue to eat 
and remain active. Vomiting often is absent if the foreign 
body is in the gastric fundus and does not obstruct the py¬ 
lorus, Occasionally abdominal pain is noted* 

Physical Examination Findings 

The physical examination often is unremarkable. The pa¬ 
tient may be dehydrated; however, many animals with gas¬ 
tric foreign bodies continue to drink water. The object usu- 
ally cannot be palpated because of the stomachs proximal 
location in the abdomen. Plicated intestines may be felt if a 
linear foreign object is present, and pain may be evident if 
gastric perforation has caused peritonitis or if the intestines 
are bunched together. A thorough examination of the 
mouth, including the area ventral to the tongue, is manda¬ 
tor)' in all animals suspected of having a linear foreign ob¬ 
ject, Genera] anesthesia or sedation may be necessary to 
properly evaluate the base of the tongue. 


DIFFERENTIAL DIAGNOSIS 


Gastric neoplasms sometimes cause filling defects in the gas¬ 
tric lumen that could be confused with a foreign object. 
However, such lesions should remain in the same location 
when the animal is positioned for different radiographic 
views. Radiographs and endoscopy distinguish animals with 
gastric foreign objects from those with other causes of py¬ 
loric obstruction (e.g., chronic antral mucosal hypertrophy 
or pyloric stenosis; see p. 360) or gastric ulceration (see p. 363). 


MEDICAL MANAGEMENT 


If the object is small and has rounded edges, vomition can be 
induced using apomorphine in dogs or xylazine in cats 
(Table 21 -27). 1 lowever, this should be attempted only when 
the clinician is certain the object will be expelled without 

causing harm. Factors that must he considered include 
whether the esophagus is apt to be lacerated, the likelihood 
of the object lodging in the esophagus, and whether the ob¬ 
ject or gastric contents might be aspirated. Esophageal sur¬ 
gery carries more risk than gastric surgery because the 
esophagus does not heal as readily as the stomach (see p. 310). 
Indiscriminate use of antibiotics may mask clinical signs of 
peritonitis or pyothorax and delay treatment. 




NOTE ■ Don't Forget to check under the tongue in 

cals that may have a linear foreign object, 


■) 


SURGICAL TREATMENT 


Preoperative Management 

If possible, metabolic and add-base abnormalities should be 

identified and corrected, and food should be withheld for 12 
hours. Radiographs should be taken immediately before sur¬ 
gery to verify the position of the object in the digestive tract. 
Perioperative antibiotics may be given at induction of anes¬ 
thesia and continued for up to 12 hours postoperatively (see 

p. 339), 


Radiography and Endoscopy 

Radiopaque foreign bodies can be diagnosed with plain films, 
but many foreign bodies are radiolucent. Contrast studies 
may be necessary to delineate radiolucent foreign bodies. 
Barium should not be placed in the stomach if gastrointesti¬ 
nal perforation is suspected (he., pneumoperitoneum, ab¬ 
dominal effusiona water-soluble contrast agent should be 
used in such cases. Double-contrast studies using both air 
and a positive contrast agent (i.e., barium sulfate) may be 
useful when the foreign object absorbs or is coated by the 
contrast material; however, if a radiolucent foreign body is 
suspected, endoscopy is preferred. Radiographic findings in 

cats with linear foreign bodies include plication and shorten¬ 
ing of the small bowel, increased luminal gas bubbles, and 
peritonitis secondary to bowel perforation (see p. 268), 
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Anesthesia 

See p, 338 for suggested anesthetic protocols in dogs with 
gastric disorders* 

Surgical Anatomy 

See p. 339 for the surgical anatomy of the stomach* 

Positioning 

The animal is placed in dorsal recumbency, and the abdomen 
is prepared for a ventral midline incision* The prepped area 
should extend from midthorax to the pubis to allow the en¬ 
tire digestive system to be explored for foreign objects. 
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NOTE * Do not do an upper gastrointestinal (Gl) 
series if you will perform endoscopy within 24 hours 
and don't use barium if perforation is likely! 
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TABLE 21-27 


TABLE 21-28 


Induction of Vo m it io n 


Treatment of Vomiting 


Prochlorperazine (Compazine) 


Dogs 

Apomorphine 


0.1-0,5 mg/kg IM or SC, Hd to qid 


SC, respectively 


0.02-0.04 mg/kg IV 


or 


Metoc I o pra m i de (Reg Ian} 


Cats 

Xylaztne (Rompon) 


0.25-0.5 mg/kg PO, IV f or SC, 

mg/kg/day via continuous 3V infusion 


sid to qid or 1-2 


0.4-0.5 mg/kg IV or SC, respectively 


Ondansetron (Zofran) 


0.1 -0.3 mg/kg IV or SC, sid to bid 


\V f Intravenous; 5C, subcutaneous. 


IM, Intramuscular; 5C, subcutaneous; fid, three times o day; qid',. 

day; PO, oral; sid, once a day; bid, twice a day. 


mes a 


SURGICAL TECHNIQUE 


Most gastric foreign bodies can be easily removed via a gas 
trotomy incision (see p. 339). 


GASTRIC DILATATION-VOLVULUS 


Inspect the entire digestive system for material that could 
cause obstruction or perforation . If a linear foreign body is 

found in the pylorus and extends into the intestinal tract , do 
not try to pull it into the stomach unless it moves easily. In¬ 
stead , make several incisions into the stomach and intestines 
to avoid causing further damage to the intestinal tract . In¬ 
spect the stomach for perforation or necrosis and f depend¬ 
ing on the location, remove or patch abnormal tissue (see 

description of a serosal patch). Close the gas¬ 
tric incision as described on p. 340 , 


DEFINITIONS 


Enlargement of the stomach associated with rotation on its 
mesenteric axis is referred to as gastric dilatation-volvulus 
(GDV). The term simple dilatation refers to a stomach that 
is engorged with air or froth but not malpositioned. Diiata 
tion refers to a condition in which an organ or structure is 
stretched beyond its normal dimensions; dilation is the act 
of stretching a cavity or orifice. 


p. 380 for 


a 


SYNONYMS 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Gastric torsion , bloat, GDV 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Absorbable suture material (2-0 or 3-0) should be used to 
dose the gastrotomy incision (see p. 351). Instruments help¬ 
ful in performing gastric surgery are listed on p. 35 L 


Classically, GDV syndrome is an acute condition with a mor¬ 
tality rate of 20% to 45% in treated animals. The gastric en¬ 
largement is thought to be associated with a functional or me¬ 
chanical gastric outflow obstruction. The initiating cause of 
the outflow obstruction is unknown; however, once the stom¬ 
ach dilates, normal physiologic means of removing air i.e., 
eructation, vomiting, and pyloric emptying) are hindered be¬ 
cause the esophageal and pyloric portals are obstructed. 

The stomach becomes enlarged as gas or fluid or both ac¬ 
cumulate in the lumen. The gas probably 
aerophagia, although bacterial fermentation of carbohy¬ 
drates, diffusion from the bloodstream, and metabolic reac¬ 
tions may contribute. Normal gastric secretion and transu¬ 
dation of fluids into the gastric lumen as a result of venous 
congestion contribute to fluid accumulation. The cause of 
GDV is unknown, but exercise after ingestion of large meals 
of highly processed food or water has been suggested to con¬ 
tribute to it. Epidemiologic studies have not supported a 
causal relationship between feeding soy-based or cereal¬ 
bas ed d ry cl og fo o d and G DV. Other co nt r i b uti ng causes i n - 


POSTOPERATIVE CARE 
AND ASSESSMENT 


The patients fluid status should be monitored and hydra¬ 
tion maintained with intravenous fluids postoperatively un¬ 
til the animal is drinking. Electroly te abnormalities should 
be corrected. Hypokalemia is likely if the animal has been 
anorexic or had sustained vomiting. A bland diet should be 
fed for 12 to 24 hours after surgery if the patient is not vom¬ 
iting. If vomiting continues, centrally acting antiemetics 
such as prochlorperazine, metodopramide, or ondansetron 
( Table 21-28) may be administered, and oral food and water 
should be withheld. See p. 363 for treatment of ulcers that 
in ay occur seco n d a ry to fo r ei g n b od i es. 




comes from 


PROGNOSIS 




The prognosis is good if the stomach has not been perfo¬ 
rated and the foreign body is removed. If perforation has oc¬ 
curred, the prognosis is guarded (see the discussion on peri¬ 
tonitis on p. 267). 
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dude an anatomic predisposition, ileus, trauma, primary 
gastric motility disorders, vomiting, and stress. Recommen¬ 
dations for clients of animals at high risk are provided in 
[able 21-29, Male gender, being underweight, eating one 
meal daily, eating rapidly, and having a fearful temperament 
are predisposing factors that may significantly increase a 
dog’s risk of GDV (Glickman et ah, 1997). Having a deeper 
and narrower thorax may change the anatomic relationship 
between the stomach and esophagus such that the dogs abil¬ 
ity to eructate is impaired. Feeding dogs from a raised feed 
bowl may in crease the r isk o f GDV bee ause i t m ay promo te 
aerophagia (Glickman et ah, 1998), 


TABLE 21-29 


Recommendations for Clients 


• Feed several small 


day rather than one large 


meals a 


meal. 


* Avoid stress during Feeding [if necessary, separate dogs 
in multiple-dog households during feeding). 

* Restrict exercise before and after meals (of questionable 
benefit). 

* Do not use an elevated feed bowl. 


Do not breed dogs with a first-degree relative that has 
a history of gastric dilatation-volvulus. 

* For high-risk dogs, consider prophylactic gastrapexy. 

* Seek veterinary care as soon as signs of bloat are 
n oted, 


NOTE * Having a first-degree relative with 
tory of GDV is significantly associated with an m- 
creased risk of GDV (Glickman et aL, 2000). Rec¬ 
ommend that dogs with a first-degree relative that 
has had GDV not be used for breeding. 


his- 


Generally, with GDV the stomach rotates in a clockwise 
direction when viewed from the surgeon’s perspective (with 
the dog on its back and the clinician standing at the dogs 
side, facing cranially; Fig. 21-73). The rotation may be 90 to 
360 degrees but usually is 220 to 270 degrees. The duode¬ 
num and pylorus move vent rally and to the left of the mid¬ 
line and become displaced between the esophagus and stom¬ 
ach. The spleen usually is displaced to the right ventral side 
of the abdomen. 

Caudal vena cava and portal vein compression by the 
distended stomach reduces venous return and cardiac out¬ 
put, causing myocardial ischemia. Central venous pres¬ 
sure, stroke volume, mean arterial pressures 
output are reduced. Obstructive shock and inadequate 
tissue perfusion affect multiple organs, including the 
kidneys, lie art, pancreas, stomach, and small intestine. 
Cardiac arrhythmias occur in 
ticularly those with gastric necrosis. Arrhythmias may 
contribute to mortality and require appropriate monitor¬ 
ing and treatment (see discussion under Postoperative 

Care and Assessment on p. 359). Myocardial depressant 
factor has also been recognized in affected dogs* Re per fu¬ 
sion injury has been implicated as causing much of the t is¬ 
sue damage that ultimately results in death after correc¬ 
tion of GDV, baza raids, which inhibit lipid peroxidation, 
appear to reduce reperfusion injury and may eventually 
increase survival. 

Partial or chronic GDV may occur in dogs and usually is 
a progressive but non-life-threatening syndrome that may be 
associated with vomiting, anorexia, weight loss, or all of 
these. These dogs may have chronic, intermittent signs and 
appear normal between episodes. Gastric malpositioning 
maybe intermittent or chronic but without dilatation. Plain 

i •< 

or contrast radiographs are diagnostic, but repeat radi¬ 
ographs may be necessary if the stomach is intermittently 
malpositioned. 
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FIG 21 -73 

Direction of gastric rotation in most dogs with gastric 

dilatation-volvulus. 
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DIAGNOSIS 

Clinical Presentation 


Signalment. GDV primarily occurs in 
chested breeds (i.e., Great Dane, weimaraner, Saint Bernard, 

hep herd, Irish and Gordon setters, Doberman pin- 

cats and small-breed dogs. 


large, deep- 


! 


scher) but has been reported in 
Shar peis may have an increased incidence 
other medium-sized breeds. In one study basset hounds had 
a high risk of GDV despite their relatively small 
man el al., 1994). GDV may occur in a dog of any age but is 
most common in middle-aged or older animals. The tho¬ 
racic depth to width ratio appears to be highly correlated 
with the risk of hi oat* 


c 


l 


I 


C 


l 


t 


History. A dog with GDV may have a history of 
gressively distending and tympanic abdomen, or 
may simply find the animal recumbent and depressed with 
distended abdomen. The dog may appear to be in pain and 
may have an arched back. Nonproductive retching, hyper- 
salivation, and restlessness are common. 


own e r 
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FIG 21-74 


ateral abdominal radiograph of a dog with gastric 
dilatation-volvulus showing a distended, gas-filled stomach. 
Note the reverse C sign farrows) caused by the shelf of soft 


Ri 


tissue. 


A 


Physical Examination Findings 

Abdominal palpation often reveals various degrees of ab¬ 
dominal tympany or enlargement; however, it may be diffi¬ 
cult to teel gastric distention in heavily muscled large-breed 
or very obese dogs. Splenomegaly occasionally is palpated. 
Clinical signs associated with shock may be present, includ¬ 
ing weak peripheral pulses, tachycardia, prolonged capillary 
refi 11 time, pale mucous membranes, or dyspnea, 

Radiography 

Radiographic evaluation is necessary to differentiate simple 
dilatation from dilatation plus volvulus. Affected animals 
should be decompressed before radiographs 
lateral and dorsoventral radiographic views are preferred. In 
normal dogs the pylorus is located ventral to the fundus on 
the lateral view and on the right side of the abdomen 
dorsoventral view* On a right lateral vi 
the pylorus lies cranial to the body of the stomach and is sep¬ 
arated from the rest of the stomach by soft tissue (reverse 
G sign) (Fig. 21-74). On the dorsoventral view, the pylorus 
appears as a gas-filled structure to the left of midline (Fig. 
21-75)* Free abdominal air suggests gastric rupture and 
rants immediate surgery. 
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NOTE • Caution! Positioning these 
ventrodorsal view may lead to aspiration. 
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FIG 21 *75 


va r 


Dorsoventral radiograph of a dog with gastric dilatation- 

volvulus. The pylorus appears as a gas-filled structure to the 
left of the mialini 


esa 


Laboratory Findings 

The complete blood cell count (CBC) is seldom helpful 
less disseminated intravascular coagulation causes thrombo¬ 
cytopenia. Although the potassium concentration may be 
normal or elevated, hypokalemia is more common. Vascular 
stasis may cause increased production of lactic add, result¬ 
ing in a metabolic acidosis. However, metabolic alkalosis 
caused by sequestration of hydrogen ions in the gastric lu¬ 
men can offset the metabolic acidosis, causing the pH to be 


If 1 


un- 


sto 


the 


air 


normal (le., a mixed acid-base disorder). Respiratory acido¬ 
sis may be caused by hypoventilation that occurs secondary 
to gastric impingement on the diaphragm and diminished 
ventilatory compliance. Therefore routine use of sodium bi¬ 
carbonate is inappropriate. 
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DIFFERENTIAL DIAGNOSIS 


rci TABLE 21-30 


Simple gastric dilatation occurs commonly in young pup¬ 
pies from overeating and seldom requires specific treatment. 
The stomach, although greatly enlarged with ingesta and gas, 
is not malpos it toned. Small intestine volvulus is a differential 

diagnosis because it results in 
domen (see p. 395); however, dilatation of the intestinal tract 

is apparent on radiographs. Primary splenic torsion (see 
p, 542) often causes acute abdominal pain; however, gastric 
distention, if present, is usually mild. Diaphragmatic hernia- 
tion may produce clinical signs similar to GDV, particularly il 
the stomach is herniated and outflow is obstructed (see p. 795). 


Medical Management of Gastric Dilatation-Volvulus 


* Fluids (see text) 

• Antibiotics such as cefazolm (20 m 

venous 


given intro 

IV]) or a combination of enroFtoxacin (Baytril), 
5-10 mg/kg IV, plus ampicillin at 22 mg/kg IV 


tympanic and enlarged ab- 


temporary gastrostomy (see p. 341). A Foley catheter should 
not be placed in the stomach percutaneously unless the 
stomach is simultaneously tacked to the body wall (see 
346) because of the high risk of peritonitis if the stomach 
pulls away from the tube. The disadvantages of a temporary 

that the stomach must be dosed when the 


NOTE • You cannot differentiate GDV from gastric 
dilatation without volvulus simply because you 
able to pass a stomach tube. Stomach tubes fro¬ 
be passed in dogs with twisted stomachs. 


P- 


are 


gastrostomy are 
permanent gastropexy is performed, and there is a high risk 

of peritoneal contamination. However, a temporary gastros¬ 
tomy maintains gastric decompression if the animal is being 
referred or if surgery is delayed. II immediate surgery is not 
possible in an animal in which a stomach tube was passed 
but that dilates rapidly after decompression, the stomach 
tube can be exteriorized through a pharyngostomy ap¬ 
proach. This prevents the animal from chewing on the tube 
until definitive surgery can be performed. After the patient 
has been decompressed and is in stable condition, radi¬ 
ographs may be taken. 


quently can 


MEDICAL MANAGEMENT 


Stabilizing the patient’s condition is the initial objective 
(Table 21-30). One or more large-bore intravenous catheters 
should be placed in either a jugular or both cephalic veins. 
Either isotonic fluids (90 ml/kg/hour), hypertonic 7% saline 
(4 to 5 mi/kg over 5 to 15 minutes), hetastarch (5 to 10 ml/kg 
10 to 15 minutes) or a mixture of 7.5% saline and beta- 
I starch (dilute 23.4% saline with 6% hetastarch until you 

have a 7.5% solution; administer at 4 ml/kg over 5 minutes) 

I is administered. If hypertonic saline or hetastarch is given, 
j the rate of subsequent crystalloid administration must be 
j adjusted. Blood should be drawn for blood gas analyses, a 
I CBC, and a biochemical panel. Broad-spectrum antibiotics 

(e g., cefazolin, ampicillin plus enrofloxacin) should be ad- 
1 ministered. If the animal is dyspneic, oxygen therapy may be 
I given by nasal insufflation (see p. 21) or mask. 

I Gastric decompression should be performed while shock 

therapy is initiated. The stomach may be decompressed per- 
1 cutaneously with several large-bore intravenous catheters or 
I a small trocar, or (preferably) a stomach tube may be passed. 

The stomach tube should be measured from the point ol the 
nose to the xiphoid process and a piece of tape applied to the 
I tube to mark the correct length. A roll of tape can be placed 

between the incisors and the tube passed through the center 
I hole, Attempts should he made to pass the tube to the meas- 
] ured point. Placing the animal in different positions (i.e., sit - 

j ting, reclining on a till-table) may help if it is difficult to ad¬ 

dle tube into the stomach. Do not perforate the 


over 


SURGICAL TREATMENT 


Surgery should be performed as soon as the animal's condi¬ 
tion has been stabilized, even if the stomach has been de¬ 
compressed. Rotation of an undistended stomach interferes 
with gastric blood flow and may potentiate gastric necrosis. 


Preoperative Management 

The animal should be given intravenous fluids and anti¬ 
biotics before surgery (see discussion of Medical Manage¬ 
ment). Significant electrolyte and acid-base abnormalities 
should be corrected. A greatly enlarged stomach may hin¬ 
der respiration and make it difficult for the animal to ven¬ 
tilate during induction of anesthesia. An EGG should be 
monitored to detect cardiac arrhythmias, which, if signifi¬ 
cant, should be treated with lidocaine before surgery. 

Anesthesia 

Numerous anesthetic protocols have been described lor 
dogs with GDV. If the animal has been decompressed and 
its condition stabilized and if cardiac arrhythmias are not 
present, the animal may be given oxymorphone and di¬ 
azepam intravenously and induced with etomidate, thiobar¬ 
biturates, or propofol (Table 21-31). If the animal is de¬ 
pressed, oxymorphone and diazepam alone may be used for 
induction, or if necessary for intubation, etomidate may be 
given. Etomidate is a good choice lor induction if the ani¬ 
mal's condition has not been well stabilized because it 
maintains cardiac output and is not arrhythmogenic. As an 


vance 

esophagus with overly rigorous attempts to pass the tube. 
If these attempts fail, percutaneous decompression of the 
stomach should he attempted. This may relieve pressure on 
the cardia and allow the tube to enter the stomach. Once the 


air has been removed, the stomach should be flushed with 

t warm water. 1 f biood is seen in the 11uId from the stomach, 

prompt surgical intervention is warranted because this may 

I indicate gastric necrosis 

) passed and immediate surgical correction is not possible, 
I temporary decompression may be achieved by performing a 


o- 


try 


. If the stomach tube still cannot be 
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TABLE 21-31 


The goals of surgical treatment are threefold; (1) to inspect 
the stomach and spleen so as to identify and remove dam¬ 
aged or necrotic tissues; (2) to decompress the stomach and 
correct any malpositioning; and (3) to adhere the stomach to 
the body wall to prevent subsequent malpositioning. Upon 
entering the abdominal cavity of a dog with GDV, the first 
structure noted is the greater omentum, which usually 
ers the dilated stomach. 


Selected Anesthetic Protocols for Dogs with Gastric 

Dilatation-Volvulus 


Induction 


Give oxymorphone (0.1 mg/kg given intravenously [IV]) 
plus diazepam (0.2 mg/Ta IV). Give in incremental 
doses as necessary to intubate. If intubation is not possi¬ 
ble, give etomidate (0,5-1 .5 mg/kg IV) or thiopental 
propofol (at reduced dosages) or (after diazepam and 
oxymorphone) use a combination of lidocaine and thio- 
barbitrates [see text). 


cov - 


or 


Decompress the stomach before repositioning by using 

large-bore needle (i*e u 14 or 16 gauge) attached to suction. 

if the needle becomes occluded with ingesta, h 

font pass an or agastric stomach tube and perform gastric 
lavage . m 


a 


ave on assrs* 


Maintenance 

Isoflurane or sevoflurane 


r 


Intraoperative manipulation of the cardia usually allows 
the tube to be passed into the stomach without difficulty. If 

p ! 1 

adequate decompression is still not achieved or an assistant 
is not available, a small gastrotorny incision can be per¬ 
formed to remove the gastric contents, although this should 

be avoided if possible. 


(i 


alternative* a combination of lidocaine and thiobarbiturate 

may be used if arrhythmias are present; 9 mg/kg of each i 
drawn up, and half is 


tr 


is 


ci 


given initially intravenously. Addi¬ 
tional drug is given to effect to allow the dog to be intu¬ 
bated. Generally, no more than 6 mg/kg of lidocaine is given 
intravenously to prevent toxicity. If bradycardia 
ticholinergics (e.g. } atropine 

given. Nitrous oxide should not be used in dogs with GDV 
(see p. 338). Isoflurane or sevoflurane are the inhalation 
agents ol choice because they are less arrhythmogenic than 

halothane. 


P 


For a clockwise rotation , once the stomach has been decom¬ 
pressed, rotate it counterclockwise by grasping the pylorus 
(usually found below the esophagus) with the right hand and 
the greater curvature with the left . Push the greater 
lure, or fundus f of the stomach toward the table white siml- 
taneously elevating the pylorus towards the incision. Ched 
to make sure the spleen is normally positioned in the left ab¬ 
dominal quadrant . if there is splenic necrosis or significant 
infarction t perform a partial or complete splenectomy hee 
pp. 540-541). Remove or invaginate (see p. 340) necrotic 
gastric tissues. Avoid entering the gastric lumen if possJbfc 
If you are uncertain whether gastric tissue will remain viable, 

invaginate the abnormal tissue (see p. 340)). Verify that the 
gastrosplenic ligament is not torsed, and before closure m 
pate the intraabdominal esophagus to ensure that the $tom 
ach is de rota ted. m 
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Surgical Anatomy 

Normally, when viewed from the surgeon s perspective 
(be., with the animal in dorsal recumbency), the pylorus is 
located on the dog's right side, and the greater omentum 
arises from the greater curvature of the stomach and 
ers the intestines. The gastric (lesser curvature) and gas¬ 
troepiploic (greater curvature) arteries supply the stom¬ 
ach and are derived from the celiac artery. The short 
gastric arteries arise from the splenic artery and supply the 
greater curvature. Rupture of the short gastric arteries in 
dogs with GDV is common and may contribute to blood 
loss and gastric infarction or necrosis. Eighty percent of 
the arterial flow is to the mucosa, and the remainder is to 
the museularis and serosa; therefore observation of 
cosal color is not a reliable indicator of gastric wall viabil¬ 
ity- The mucosa often appears darkened because of 
lar compromise, even when full thickness 
present. 

Positioning 

The dog is placed in dorsal recumbency, and the abdomen is 
prepared tor a mi dime abdominal incision. The prepped 
area should extend from midthorax to the pubis. If a tube 
gastropexy is to be performed, the prepped area should be 
extended craniallv and dorsally to allow the tube to be exte¬ 
riorized behind the caudal right rib. 
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Perform a permanent gastropexy (see pp. 346 to 350). 
Temporary gastrostomy is described on p. 341. Gastropexy 
usually is curative for dogs with partial or chronic GDV, 
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NGTE * To prevent recurrence of GDV the stomach 

must be permanently adhered to the body wall. Gcs- 

tropexy should always be performed in conjunction 

with abdominal exploration and denotation of the 
stomach. 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 
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Absorbable (polydioxanone or polyglvconate) or nonab¬ 
sorbable (polypropylene) suture material may be used far 
the gastropexy (0 or 2-0), A Foley catheter is needed ion 
tube gastropexy. Balfour retractors, hand-held retractors 
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| TABLE 21-33 


TABLE 21-32 


;t 


Anti arrhythmic Therapy 


Intravenous Potassium Supplementation Guidelines 


d 


Lidocaine (Xylocaine) 


MAXIMUM 

INFUSION 

RATEf 

ml/kg/hour) 


o 


MEQ 
KCL/L 
OF FLUID 


SERUM 

POTASSIUM* 

(mEq/l) 


IV bolus (2 mg/kg increments up to total dose of 8 
g/kg) then IV drip at 50 p.g/kg/minufe (500 mg in 

500 ml of fluid, administered at maintenance rate [66 
ml/kg/day]) 

Procainamide fPronestyl) 

10-15 mg/kg slow IV bolus or 25 60 p/kg/minute as a 

continuous IV infusion or 15 mg/kg 1M, PO, bid to qid 

Sotalol (Beta pace) 

1-2 mg/kg PO, bid 
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80 
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< 2.0 


8 


2 . 1*25 

25 - 3.0 

3 . 0-35 


60 


12 


40 


a 


16 


28 


n. 


5- 


*lf serum potassium value is not available, add potassium to a total 
concentration of 20 mEq/L 
tDo not exceed 05 mEq/kg/hour., 


IC 


tV, Intravenous; IM, intramuscular; PO, oral; bid, twice a day; qid, 
four times a day. 


vs 


If 


i.e„ Army-Navy retractors or malleable retractors), and ex¬ 
tra towel damps (for placement on the rib when doing a dr- 
cunicostal gastrop exy) are h e 1 pful, 


nt 


r- 


have a sustained ventricular rate above 160 beats per minute, 
they should be treated, usually with intravenous drugs. A test 
bolus of lidocaine given intravenously (2 mg/kg bolus, up to 
8 mg/kg total dose) can be used to determine responsiveness 
to this drug. If the arrhythmias diminish or stop, lidocaine 
should be given by a continuous intravenous infusion of 50 
to 75 fjLg/kg/minute (Table 21-33). Low doses should be used 
initially and increased only if necessary. Signs of lidocaine 
toxicity include muscle tremors, vomiting, and seizures; ii- 
docaine therapy should be discontinued if these signs occur. 
Other possibly effective antiarrhythmic drugs are pro¬ 
cainamide and sotaloh Procainamide may be given as an in¬ 
travenous bolus, by continuous infusion, intramuscularly, or 
orally (see Table 21-33). Sotalol may be effective in animals 
that have not responded to lidocaine or procainamide. 


Id 


POSTOPERATIVE CARE 
AND ASSESSMENT 


T?- 


Electrolyte, fluid, and acid-basis status should be monitored 
dosely p o stoperat ively Many dogs with GDV are hy¬ 
pokalemic postoperative!)' and require potassium supple¬ 
mentation (Table 21-32). Small amounts of water and soft, 
low Tat food should be offered 12 to 24 hours after surgery 
nd the patient observed for vomiting. Gastritis that occurs 
secondary to mucosa! ischemia is common and may be as- 
sociated with gastric hemorrhage or vomiting, if vomiting is 
severe or continuous, a centrally acting antiemetic may be 
given [see p. 354). Secondary gastric ulcers may occur and 
require treatment (see p. 365). H : -receptor blockers (e.g., 
timetidine, ranitidine, or famotidine; see Table 21-35) re¬ 
duce gastric acidity and may be beneficial Intravenous fluid 
therapy should be continued until the patient s oral fluid in¬ 
take is adequate to maintain hydration. Patients should be 
monitored for hypo p rote menu a and anemia in the early 
postoperative period. 
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COMPLICATIONS 


i ak 


Sepsis and peritonitis may be caused by gastric necrosis or 
perforation if devitalized tissue is not adequately removed. 
Diagnostic peritoneal lavage (see p, 272) may help diagnose 
peritonitis. Peritonitis requires immediate surgical interven¬ 
tion, Disseminated intravascular coagulation may occur in 
dogs with GDV or peritonitis. Assessment of dotting pa¬ 
rameters and appropriate treatment with fluids and heparin 
(see p. 269) may be necessary. 


i m- 
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NOTE * Lidocaine toxicity may be enhanced in pa¬ 
tients given cimefidine concurrently. 


h 


5- 


PROGNOSIS 


Ventricular arrhythmias are common in dogs with GDV 
and usually begin 12 to 36 hours after surgery. Their cause is 
unknown, but myocardial depressant factor, reduced cardiac 
Min pm, and myocardial ischemia may contribute. Treatment 
of cardiac arrhythmias includes maintenance of normal hy- 
iraiiun and correction of electrolyte imbalances (some an- 
thrrhythmic drugs [i.e., lidocaine] are ineffective when the 
animal is hypokalemic; see Table 2 1-32). If the arrhythmias 
interfere w ith cardiac output, as noted by poor peripheral 
pulses; are multiform; have subsequent premature beats in¬ 
scribed on the wave of the previous complex (R on T); or 


in 


With timely surgery the prognosis is fair; however, mortality 
rates as high as 45% and higher have been reported. One 
study reported a mortality rate of 15% among dogs with 
GDV; the mortality rate was 0.9% if gastric dilatation with¬ 
out volvulus was present (or if GDV could not be verified at 
surgery) (Brockman, Washabau, Drobatz, 1995). The prog¬ 
nosis is poor if gastric necrosis or perforation occurs or it 
surgery is delayed. P re operative measurement of plasma lac¬ 
tate may be a good predictor of gastric necrosis and outcome 
for dogs whth GDV (de Papp, Drobatz, Hughes, 1999). 
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Plasma lactate concentrations under 6 mmol/L suggest that 
gastric necrosis is not present, and thus a fair prognosis is 
warranted In one study dogs with gastric necrosis were 11 
times more likely to die than those that did not have gastric 
necrosis (Glickman et al., 1998). Recurrence rates for GDV 
differ, depending on techniques used, but most have 
ported rates of less than 10%. Tube gastropexy has the high¬ 
est reported recurrence rate, varying from 5% to 29%* 

Some dogs with GDV respond to tube decompression 
and medical stabilization alone. Occasionally the stomach 
becomes normally positioned after the air 
was only partly rotated (less than 180 degrees) or merely di¬ 
lated. However, these dogs still have a high likelihood of 
currence, and gastropexy should be recommended 
when conservative management successfully alleviates the 
gastric malpositioning, The reported recurrence rates in 
dogs operated on for GDV in which the stomach was repo¬ 
sitioned but gastropexy not performed approaches 80% 
(Meyer-Lindenberg et ah, 1993). 


Millis DL, Hauptman JG, 


RB; Abnormal hemostatic profiles 
gastric necrosis in canine gastric dilatation-volvulus, Vtf 

Surg 22:93, 1993. 

Schertel HR et ah Evaluation of hypertonic saline-dextran solution 
for treatment of dogs with shock induced by gastric dilatation* 
volvulus, J Am Vet Med Assoc 210:226,1997. I 
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BENIGN GASTRIC OUTFLOW 
OBSTRUCTION 


re- 


e ve n 


DEFINITIONS 


Pyloric stenosis refers to benign muscular hypertrophy of 
the pylorus. Chronic antra! mucosal hypertrophy refers to 
benign hypertrophy of the pyloric mucosa causing outflow 
obstruction (hig. 2 1 - 76). Chronic hypertrophic pyloricgas- 
tropathy (CHPG) is a term that denotes pyloric hypertrophy 
without specifying whether the mucosa or the muscularkh 
involved. CHPG has been used specifically to refer to 
quired mucosal hypertrophy hv some authors and to either 
muscular (type I) or mucosal (types II and III) hypertrophy 
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SYNONYMS 


Pyloric stenosis is also known as benign antral muscular hy¬ 
pertrophy, congenital hypertrophic stenosis, and congenital py- 
loric muscle hypertrophy. Chronic antral mucosal hypertro- 
phy is also called pyloric or gastric mucosal hypertrophy, 
chronic hypertrophic gastritis , multiple polyps of the gastric 
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FIG 21*76 

Intraoperative photograph showing mucosal hypertrophy in 
o dog with chronic hypertrophic pyloric gaslropathy. (F 
Willard MD: Essentials of small animal medicine, St, Louis, 

1994, Meshy.) 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


age may be affected. Chronic antral mucosal hypertrophy is 
more common in middle-aged or older dogs and may mimic 


neoplasia. 

History* The clinical signs are caused by obstruction of 
gastric outflow. Vomiting is the most common sign; how- 

vomiting may be intermittent or delayed hours after 


Gastric outlet obstruction may be caused by pyloric abnor¬ 
malities, disorders of gastric motility, or extrinsic lesions 
compressing the outflow tract (e.g., pancreatic, duodenal, or 
hepatic neoplasia; Table 21-34), Hypertrophy of the pyloric 
mucosa or muscle may be isolated or may occur in conjunc¬ 
tion with other abnormalities. A syndrome of polycystic 
kidneys, hepatic disease, polyneuropathy, and hypertrophic 
gastropathy has been described in the Drentse patrijshond 
breed. Hyperplastic pyloric polyps have been reported in 
French bulldogs with a history of chronic vomiting since 

weaning (Gualtieri et ah, 1994). 

The cause of pyloric stenosis is unknown, but excessive 

production of gastrin has been implicated. Gastrin, the ma¬ 
jor regulator of gastric add secretion, is trophic tor gastric 
smooth muscle and mucosa, and congenital pyloric stenosis 
has been produced in puppies by administering gastrin to 
pregnant bitches. Neurogenic dysfunction may also play a 
role. Acute stress, inflammatory disease, or trauma might 
stimulate the sympathetic nervous system, reducing gastric 
motility and causing retention. Prolonged gastric distention 
may then lead to increased gastrin secretion and subsequent 

I hypertrophy. 


ever, 

feeding or both. Cats commonly have regurgitation and 
vomiting. Liquids often pass through the pylorus, therefore 
severe dehydration is uncommon, and vomiting may occur 
for months to years before diagnosis. Animals with congen¬ 
ital pyloric stenosis often begin vomiting when they start 
eating solid food. The frequency of vomiting varies from 
several times daily to once or twice a week. 


Physical Examination Findings 

The physical examination findings generally are nonspecific. 
They may include weight loss, anorexia, depression, or dehy¬ 
dration or all of these. Abdominal pain is seldom present. 
Aspiration pneumonia or reflux esophagitis for both) may 
occur secondary to chronic vomiting. 

Radiography, Ultrasonography, 
and Endoscopy 

Survey abdominal radiographs may reveal gastric distention. 
If gastric outlet obstruction is suspected, endoscopy usually 
is recommended because it is diagnostic and allows biopsy. 
Radiography and ultrasonography are useful for eliminating 
extrinsic causes of pyloric obstruction. Contrast radiographs 
may show delayed emptying, pyloric wall thickening, and/or 
a filling defect in the pylorus. However, normal elimination 
of liquid barium does not rule out gastric outflow obstruc¬ 
tion. Furthermore, it can be difficult to accurately interpret 
studies when barium is mixed with food. Ultrasonography 
usually reveals pyloric wall thickening and often detects neo¬ 
plastic metastases. Ultrasonography also detects extrinsic le¬ 
sions (e.g., abscesses or neoplasms) that may obstruct gastric 

outflow. 
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DIAGNOSIS 

Clinical Presentation 

Signalment. In dogs, pyloric stenosis is most com¬ 
monly seen in brachycephalic breeds (i.e., boxers, bulldogs, 

I and Boston terriers). Siamese cats have also been reported 

with this condition. Affected cats may have both vomiting 
(caused by gastric outlet obstruction) and regurgitation 
] [caused by secondary esophagitis and esophageal dysfunc- 
i tion). Chronic antral mucosal hypertrophy occurs most 

commonly in small-breed dogs (less than 10 kg), particularly 
I Lhasa apso, Shih Tzu, and Maltese breeds. Some dogs re¬ 
ported with chronic antral mucosal hypertrophy have been 
| considered particularly excitable or vicious. Males may be 

more commonly affected than females. Pyloric stenosis Is 
more common in young animals, although animals of any 
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NOTE * Neoplastic pyloric disease and benign dis¬ 
easing hypertrophy are often difficult to dis¬ 
tinguish visually; biopsy is imperative! 
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Laboratory Findings 

The hematologic and biochemical changes in animals with 
benign gastric outlet obstruction usually are nonspecific. 
If vomiting has caused loss of gastric secretions, a hypo¬ 
chloremic, hypokalemic metabolic alkalosis may be pres¬ 
ent. Prerenal azotemia or hypoproteinemia (or both) may 

particularly in young dogs with chronic and frequent 


m TABLE 21-34 


Important Considerations for Gastric Outlet Obstruction 




1 Nat alii older patients with proliferative masses causing 
outlet obstruction have malignancies, 

* Not all obstructed patients have hypokalemic, 
hypochloremic, metabolic alkalosis. 

* Benign, gastric outflow obstruction usually has a good 

prognosis with appropriate therapy. 

* Gastroduodenoscopy is usually more appropriate than 
contrast radiographs; with endoscopy you can biopsy 
and often determine if malignancy is present. 


a c c u r, 
vomiting. 


DIFFERENTIAL DIAGNOSIS 


Any condition that causes vomiting is a differential diagnosis. 
Gastrointestinal foreign bodies, pythiosis, neoplasia, and ul¬ 
ceration may cause gastric outlet obstruction. Other causes of 
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So ft Tissue Surgery 


i 


TABLE 21-35 


TABLE 21-36 


1 


I 


Histamine"2 Receptor Blockers and Proton Pump 
Inhibitors 


Perioperative Antibiotic Therapy 


v 


c 


Cefaxolin (Ancef or Kefzol) 

20 mg/kg given intravenously at induction; repeat once 
or twice at 4- to 6-hour intervals 


Cimetidine (Tagamet) 

5-10 rng/kg PO, IV, SC, tid to qid 


I 


i 


Ranitidine {Zantac] 


c 


2 mg/kg PO, IV, IM, SC, bid 


a 


Preoperative Management 

Food should be withheld for 24 hours before surgery, 
Presurgical endoscopy can define the extent of the lesion and 
confirm its benign or malignant nature by histologic or cy¬ 
tologic examination. Intravenous prophylactic antibiotics 
(e.g., cefazolin; Table 21-36) may be given at induction of 
anesthesia if antibiotic therapy has not already been initi¬ 
ated, but this is not essential. 

Anesthesia 

See p. 338 for suggested anesthetics to use in animals ■with 
gastric disorders. 

Surgical Anatomy 

See p. 339 fo r the su rgica! a n atomy of the stomach, 

Positioning 

The animal is placed in dorsal recumbency, and the ab¬ 
domen is prepared for a ventral midline incision. The 
prepped area should extend from midthorax to near the 


Famotidine (Pepcid) 


C 


0.5 mg/kg PO, sid to bid 


F 


a 


Omeprazole (Prilosec) 


r 




0,7-1,5 mg/kg PO, 


sid to bid 


a 


PO, Oral; \V t intravenous; SC, subcutaneous; tid, three times 
qid, four times a day; IM, intramuscular, bid, twice a day; $id 
o day. 
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SURGICAL TECHNIQUE 


Surgical procedures to correct outlet obstruction caused by 
mucosal and/or muscular hypertrophy include pyloroplasty 
or Billroth I procedures. Pylo romyotomy (see p. 345) is of¬ 
ten ineffective and is not recommended. If muscular hyper¬ 
trophy without significant mucosal hypertrophy is present, 
a Heineke-Mikulicz pyloroplasty (see p. 345) is easy to per¬ 
form. However, mucosal exposure is limited, and it does not 
a11 ow adequate resection of hypertrophied mucosa. When 
mucosal hypertrophy is present, a Y-U pyloroplasty (see p 
345) or Billroth 1 procedure (see p. 342) is preferred. A Y-U 
pyloroplasty allows hypertrophied mucosa to be removed 
and the outflow tract widened (see Fig. 21-76). A Billroth I 
procedure is more difficult and carries additional risk of de¬ 
hiscence or leakage but has been successfully performed in 
numerous dogs with benign outflow obstruction. A Billroth 
1 procedure, rather than a pyloroplasty, should be consid¬ 
ered when the mucosa or muscular layers are so thickened 
as to be inflexible. 


FIG 21-77 

Gastric ulceration associated with a gastric carcinoma. 


vomiting that shouId be diminated before surgery, if possi¬ 
ble, include uremia, hypoadrenocorticism, hypercalcemia, di¬ 
abetic ketoacidosis, hepatic insufficiency, peritonitis, pancre¬ 
atitis, feline hyperthyroidism, early right-sided heart failure 
in cats, gastritis, and inflammatory bowel disease. 


i 




MEDICAL MANAGEMENT 


1 


Dehydration and electrolyte and add-base abnormalities 
should be corrected before surgery or endoscopy (see p. 338). 
H z -receptor blockers (i.e., cimetidine, ranitidine, famoti¬ 
dine) or omeprazole maybe used to treat esophagitis caused 
by frequent exposure of the esophagus to gastric add (Table 
21-35), Antibiotics may be indicated for esophagitis (see 
p. 308), ulceration (see p. 363), or aspiration (see p. 308). 
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- 
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SURGICAL TREATMENT 


For mucosa! hypertrophy, perform oY-U pyloroplasty as de¬ 
scribed on p. 345. Be sure to perform a full thickness biopsy 
and fo resect the hypertrophied mucosa. Approximate in¬ 
cised edges of the mucosa in a continuous pattern with 3*0 
absorbable suture before closing the pyloroplasty \ 


Surgery is recommended for benign pyloric obstruction. 
The goal is to remove the obstruction and reestablish normal 
gastric emptying. A full thickness biopsy should he submit¬ 
ted to ensure that the thickening is benign (Fig. 21-77). 
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SUTURE MATERIALS AND SPECIAL 
INSTRUMENTS 


TABLE 21-37 


If the animal is severely hypoproteinemic or debilitated, 
wound healing may be delayed. Strong absorbable suture 
(2-0 or 3-0) should be used and chromic gut suture avoided. 


Important Considerations for Gastroduodenal Ulcers 
and Erosions 


ia, depression) may 


* Initial clinical signs |e.g 
not alert owner to seriousness of disease, 

* Not all animals with ulcers vomit, and those that vomit 


POSTOPERATIVE CARE 
AND ASSESSMENT 


not vomit blood. 


moy 

• NSAlDs are a very common cause, yet without corefu 

not reveal their use. 


Small amounts of water should be given the day after surgery 
and the patient observed for vomiting. If vomiting does not 
occur, small amounts of moist food can be given 24 hours 
postoperatively. Fluid therapy should be continued until the 
animal is eating and drinking normally. Electrolyte abnor¬ 
malities should be monitored postoperativelv and corrected 
as necessary, 

t 


questioning 

* Look for underlying causes; do not just treat sympto¬ 
matically. 

* Anytime a patient with severe hepatic disease suddenly 

consider gastroduodenal ulceration even if 

there is no vomiting. 

* Perforation may occur unexpectedly and cause poten¬ 
tially Fatal peritonitis [see p. 267). 

* Any patient with a spontaneous pneumoabdomen or sep- 
tic peritonitis should be presumed to have a perforated 

and should be treated accordingly, regardless of 
lack of historical findings suggestive of ulceration. 

* Surgical resection should be considered for ulcers 
ant to medical therapy and those causing the patient to 
hemorrhage vigorously, 

* Intraoperative endoscopy may be helpful in locating 
partial thickness ulcers. 


worsens 


PROGNOSIS 


The prognosis with surgical correction of these conditions 
is good. In one study of 39 dogs available for long-term 
evaluation, 85% had good or excellent outcomes. A poor 
outcome generally is the result of technical failures (i.e., de¬ 
hiscence or leakage) or of an inappropriate surgical tech¬ 
nique for the lesion. 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 
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Gastric ulceration in small animals often is iatrogenic (i.e., 
caused by nonsteroidal antiinflammatory drugs [NSAlDs]) 
or occurs secondary to an underlying disease process (e.g., 
mast cell disease, shock, tumor, hepatic failure) (Table 
21-37). The most common sites for gastric ulcers are in the 

acid producing parts (i.e„ fundus and pyloric antrum). 

NSAlDs (e.g„ aspirin, phenylbutazone, naproxen, 
nixin meglumine, piroxicam, and ibuprofen) are common 
causes of gastrointestinal ulceration in dogs. Car pro fen ap- 

to be less ulcerogenic than most other NSAlDs, but 

ulcers if administered in conjunction with 


GASTRIC ULCERATION AND EROSION 


p ea rs 

it may cause 

steroids. The mechanism of ulcer formation that occurs sec- 


DEFINITIONS 


ondary to use of these drugs is probably multi factorial, but 

inhibition of prostaglandin synthesis 
Prostaglandins exert a protective effect on the mucosal bar- 

by stimulating mucus and bicarbonate production. 
Prostaglandin agonists (e.g., misoprostol) may help prevent 
NSAID-induced lesions. Corticosteroids (particularly dexa- 
methasone) may be ulcerogenic in dogs, especially when 
used at very high dosages. Prednisone, when administered at 
appropriate dosages (2.2 rng/kg/day or less), infrequently 

gastric erosion or ulceration unless the dog is hypoxic 
(as with immune mediated hemolytic anemia). Chronic 
steroid administration may reduce gastric mucus produc¬ 
tion, diminish the ability of mucosal cells to replicate, 

exfoliation of mucosal cells into the gastric lumen. 
Concurrent use of steroids and NSAlDs should be avoided. 


An ulcer is a mucosal defect extending through the muscu- 
laris mucosae into the submucosa or deeper layers ot the 

stomach, whereas an erosion does not penetrate the mus¬ 
cular is mucosae. Gastrinomas are gastrin-secreting tu¬ 
mors of the alimentary tract. Zol 1 i nger-Ellison syndrome 
is a condition in which gastroduodenal ulceration occurs as 
result of hypersecretion of gastrin from a gastrinoma of 

the pancreas. 


seems important. 


[ 


I 


a 


l 


SYNONYMS 


causes 


the terms gastrinoma and Zollinger-Ellison syndrome are 
often used interchangeably; however, gastrinomas can be lo¬ 
cated anywhere in the alimentary tract, whereas Zollinger- 
Ellison syndrome refers specifically to a gastrin-secreting tu¬ 
mor in the pancreas. 
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Gastric ulceration may be caused by neoplasia (see Fig, 
21-77), either as a direct effect or by paraneoplastic mecha¬ 
nisms. Gastric adenocarcinoma and lymphoma are probably 
the most common infiltrative diseases causing ulceration; 
however, leiomyomas often ulcerate and bleed as well Para¬ 
neoplastic ulceration may be caused by mast cell tumors 
(common) or gastrinomas (rare). Gastroduodenal ulcera¬ 
tion is a common complication of mast cell disease because 
histamine is a potent stimulator of gastric acid secretion. 
The cytoplasmic granules of mast cell tumors contain va¬ 
soactive amines (e.g., histamine and serotonin) and heparin. 
Histamine also causes vasodilation of gastric vessels and al¬ 
ters endothelial permeability, which promotes intravascular 
thrombosis and gastric necrosis. 

Gastrin, which normally is secreted by the antral G cells 
in response to vagal stimulation and gastric distention, is a 
potent stimulator of gastric acid secretion, Zollinger-Ellison 
syndrome is a condition in which hypersecretion of gastrin 
is associated with neoplasia of the non-p pancreatic islet 
cells. Severe duodenal ulceration is seen with this disease, 
and removal of the pancreatic mass may be necessary to al¬ 
leviate clinical signs (see p. 512), Because of the aggressive 
biologic behavior of this malignant neoplasm, the prognosis 
for long-term cure is poor; however, aggressive medical 
management with omeprazole (0.7 to 1.5 mg/kg given orally 
once a day) may be helpful. Thrombosis associated with dis¬ 
seminated intravascular coagulation (DIG) may reduce gas¬ 
tric blood flow and enhance ulcer formation. Both acute and 
chronic liver disease may be associated with gastrointestinal 
bleeding and ulcer formation. Chronic hepatic disease 
causes gastric mucosal injury through a variety of mecha¬ 
nisms, which are poorly understood. 

Circulatory shock and the resultant poor gastric perfu¬ 
sion may cause "'stress ulcers.' 1 Ulcers may also form sec¬ 
ondary to septic shock and commonly occur in dogs with 
intervertebral disk disease (IVDD). Administration of cor¬ 
ticosteroids to dogs with severe neurologic disease probably 
contributes to the high prevalence of gastrointestinal ulcers 
in these patients. Other contributing factors in dogs with 
IVDD include alterations in mucosal blood flow, sympa¬ 
thetic and parasympathetic stimulation of the bowel, and 
the stress of major surgery and prolonged hospitalization. 
Colonic perforation of dogs with neurologic disease is asso¬ 
ciated with high mortality. Other conditions associated with 
gastrointestinal ulceration in small animals include inflam¬ 
matory bowel disease, gastric or duodenal neoplasia, reflux 
of bile add into the stomach, major surgery, uremia, 

pythiosis, recurrent pancreatitis, and possibly psychologic 
stress. 


the gastric mucosa helps heal minor erosions in 1 to 2 Jays, 
providing the cause is removed. Other normal defenses that 
help prevent the formation of ulcers include those properties 
that interfere with absorption of hydrogen ions ( Le„ phos¬ 
pholipid membranes, tight junctional complexes), neutral 
ization of add by bicarbonate (secreted by the oxvntic, py¬ 
loric, and duodenal mucosae), and a thick, alkaline mucus 
coating that traps and neutralizes hydrogen ions. For mu¬ 
cosal damage to occur, the gastric pH usually (but not al¬ 
ways) must be lower than 3 to 5, Deep ulcers do not heal rap¬ 
idly, and they heal by the formation of scar tissue rather than 
by reep ith el ial ization, 

DIAGNOSIS 

Clinical Presentation 

Signalment, Gastric ulceration or erosion occurs more 
commonly in dogs than cats. Most non iatrogenic gastric ul¬ 
cers in dogs occur in middle-aged or older dogs. The disor¬ 
der shows no breed predisposition. 

History, Although vomiting is a common clinical sign of 
gastrointestinal ulceration, some dogs are presented for 
treatment of anorexia or anemia (or both) without vomit¬ 
ing, Vomitus may or may not contain digested blood, fresh 
blood, or blood dots. Digested blood looks like coffee 
grounds. Owners may or may not report that the stools of 
dogs with ulcers are black (melena) and that the dog has a 
poor appetite. 

Physical Examination Findings 

Abdominal pain may be present on abdominal palpation; 
however, many dogs with non perforating gastric ulcers are 
not obviously in pain. Other signs of ulcer disease include 
anemia, edema (caused by hypoproteinemia), melena, nau¬ 
sea, and weight loss. 

Radiography, Ultrasonography, 
and Endoscopy 

Radiography and ultrasonography are seldom helpful in de¬ 
lineating gastric erosions. Positive contrast radiographs or 
ultrasonography may show abnormalities in the mucosal 
lining when deep ulcers are present. If gastroduodenal ulcer¬ 
ation is suspected, the most sensitive and specific test is gas- 
trod u odeno sco py. 

Laboratory Findings 

A hemogram, serum biochemical profile, and urinalysis 
should be performed in animals in which gastric ulceration 

is suspected to assess the severity of blood and protein loss 
and to identify underlying causes of ulceration (e.g., hepatic I 
or renal failure). Animals with gastric ulcers may be anemic 
or hypoproteinemic or both. Clotting profiles should be per¬ 
formed when a coagulopathy is suspected. Electrolyte and 
acid-base abnormalities may occur if vomiting has been se¬ 
vere (e.g., hypochloremic, hypokalemic metabolic alkalosis 
or a metabolic acidosis). Gastrinomas (see p. 512) are un¬ 
common, but if no other underlying cause is identified, 

serum gastrin levels can be measured (Table 21-38), | 
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NOTE • Use steroids with caution in patients with 
neurologic disease. 


The stomach has an enormous ability to increase local 
blood flow, which helps remove caustic substances from the 

gastric lumen. In addition, the rapid rate of cell turnover in 
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TABLE 21-38 


| TABLE 21-39 


t 


s 


Basal Serum Gastrin Levels in Normal Dogs and Cats 


Medical Therapy of Animals with Gastric Ulceration 


Dogs 


Sucralfate (Carafale) 

0.5-1 g PO, lid to qid 


Under 190 pg/ml| 


s 


Cats 


Cimetidine (Tagamet) 


Under 135 pg/ml 


5-10 mg/kg PO, IV, SC, fid to qid 


Ranitidine (Zantac) 


Note: Be sure that the animal is not being treated with an 
onisl, Prilosec, or antacids at the time of testing. 

These values may vary between laboratories, 
ffo convert from pg/ml to ng/L, multiply pg/ml x 1. 


1 


2 mg/kg PO, IV, IM, SC, bid 


Famotidine (Pepcid) 


0.5 mg/kg PO, sid to bid 


Omeprazole (Prilosec) 


e 


0.7-1.5 mg/kg PO, sid to bid 


DIFFERENTIAL DIAGNOSIS 


Misoprostol (Cytotec) 


Gastric neoplasia, gastritis, and coagulopathies may mimic 
gastric ulceration and erosion. Gastric neoplasia and ulcera¬ 
tion without neoplasia are best differentiated bv endoscopy. 
Hxplo r a to rv gast roto my is the next best test and is req u i red 
if full thickness biopsies are necessary Full thickness biopsies 
are usually required to diagnose scirrhous or submucosal le¬ 
sions. Coagulopathies from ingestion of toxins, DIG, or in¬ 
herent dotting abnormalities occasionally cause gastric 
bleeding. Coagulation profiles should be performed if a co¬ 
agulopathy is suspected. 


1,5 jm/kg PO, tid to qid 


.f 


PO, Oral; tid, three times a day; qid, four times a day; IV f intra¬ 
venous; SC, subcutaneous; IM, intramuscular; bid, twice a day; sid, 
once a day. 


r 


h 


if 


dioxide) stimulate endogenous prostaglandin release, neu¬ 
tralize acids, and bind bile salts. Because they are most effec¬ 
tive if administered frequently (i.e., up to six times a day) 
they are less useful in dogs and cats than in human beings. 
Gastric foreign bodies should be removed promptly to allow 
the ulcer or erosion to heal. 


a 


MEDICAL MANAGEMENT 


Therapy depends on whether an underlying cause can be 
found, the severity of the bleeding, the depth of the ulcer, the 
likelihood of perforation, and the animals status. Sympto¬ 
matic therapy (i.e., fluids, antibiotics, blood, anti emetics) 
should he considered and underlying diseases identified and 
treated {i.e., discontinue ulcerogenic drugs, remove mast cell 
tumors or gastrinomas, treat renal or hepatic disease). Ini¬ 
tially, medical treatment is recommended to control bleed¬ 
ing if perforation seems unlikely. Agents used for treating ul¬ 
cers include those that lessen gastric acidity and those that 
protect the gastric mucosa from damage (Table 21-39)* Su¬ 
er all ate forms a protective coating over the ulcer or erosion. 
However, its major drug actions that contribute to ulcer 
healing are related to stimulation of mucosal defense and 
reparative mechanisms and antipeptic effects, which are in¬ 
duced by both prostaglandin-dependent and prostaglandin- 

in dependent pathways. If bleeding is severe, a loading dose 
of 3 to 8 g of sucralfate may be given. Sucralfate should he 
given 1 hour after administration of other oral medications 
| because it may interfere with their absorption. Drugs that 

I interact with sucralfate include fluoroquinolones, tetracy¬ 
cline, theophylline, aminophylline, and digoxin. Cimetidine, 

| rn uitid ine, a n d fam ot id ine a re h 1 2 - recep to r h l o c ke rs that re - 

cluce acid secretion* Omeprazole and other proton pump in¬ 
hibitors are the most potent inhibitors of gastric acid secre¬ 
tion. Misoprostol is a prostaglandin analog that helps 
prevent ulceration in dogs receiving NS A IDs, and il 
used to cure gastric ulcers* Antacids (e,g., magnesium hy- 
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SURGICAL TREATMENT 


If medical therapy is not successful in alleviating clinical 

signs within 5 to 7 days, if bleeding is profuse and life threat¬ 
ening, or if perforation is believed imminent, surgery is 
indicated. 




NOTE • If possible, perform endoscopy before sur¬ 
gery to help identify the site and extent of the lesion 
or lesions. 
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Preoperative Management 

If possible, the animal's condition should be stabilized be¬ 
fore surgery. Whole blood should be given if the animal is se¬ 
verely anemic (Le.» has a packed cell volume under 20%). If 
the animal has DIG, heparin therapy may be considered* 
Electrolyte and acid-base abnormalities should be corrected 
and lluid therapy initiated. 

Anesthesia 

See p. 338 for anesthetic recommendations for animals un¬ 
dergoing gastric surgery. 

Surgical Anatomy 

See p. 339 for the surgical anatomy of the stomach. 
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Soft Tissue Surgery 


Positioning 

fhe dog is piaced in dorsal recumbency, and the abdomen is 
prepared for a ventral mid line incision. The prepped area 
should extend from mid thorax to the pubis. 


prognosis is good if" the ulcer is the result of treatable disease 
and perforation has not occurred. If peritonitis is present, 
the prognosis is guarded (see the discussion of peritonitis on 
p, 267). 

Suggested read ing 

lergens AH et ah Idiopathic inflammatory bowel disease associated 
with gastroduodenal ulceration-erosion: a report of nine cases m 
the dog and cat, / Am Anim Hasp Assoc 28:21, 1992. 
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SURGICAL TECHNIQUE 


// possible , remove the ulcer with a full thickness gastric re¬ 
section and submit tissue for histopathologic examination, 
Assess the regional lymph nodes one! liver for evidence of 
metastatic neoplasia or pythiosis and biopsy them if they ap¬ 
pear abnormal. Check both limbs of the pancreas for masses. 


GASTRIC NEOPLASIA AND 
INFILTRATIVE DISEASE 


Occasionally location of the ulcer near the pylorus makes 
full thickness resection difficult. 


DEFINITIONS 


tf the ulcer is located at the pylorus and per fora hen is present 
or imminent perform a serosal patch (see p. 380} over the 
$ i te to h elp pre ven i leakage an d promote he a tin g of th e ulcer , : 


A d eno ca rein om as ar i s e fro in glandular ti ss ue or are com - 
posed of tumor cells that form glandular structures. The 
term lymphoma denotes a malignant neoplasm arising from 
the lymphoid system. Leiomyosarcomas are malignant tu¬ 
mors and leiomyomas are benign tumors that arise from 
smooth muscle. Pythiosis is a fungal infection caused by 
Pythium insidiosum that may cause a severe inflammatory 
and infiltrative lesion in the stomach. Phycomycosis is a 
more general term lor mycoses caused by fungi of (he group 

Phyco rnycetes. 


A serosa] patch is simpler to perform than a pylorectomy 
and gastroduodenostomy (Billroth I; see p. 342). Occasion¬ 
ally a localized abscess will be noted where an ulcer has per¬ 
forated, but the omentum or other abdominal structures 
will have walled off the site. 


if this is the case, carefully drain the abscess and resect 
patch the ulcer: Consider preoperative or intraoperative en¬ 
doscopy to help locate ulcers that are difficult to discern from 
the serosa/ surface. If there is extensive disease secondary to 
a condition that may not resolve quickly (e.g., inflammatory 
bowel disease or hepatic failure) t place an enterostomy 
feeding tube (see p, 85}. 


or 


SYNONYMS 


Lymphoma and lymphosarcoma are used synonymously to 
denote a malignant neoplasm of the Lymphoid system. 
Pythiosis and phyco mycosis are technically different, but the 
terms often are used interchangeably. 


Py 


stc 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


nc 


If the antma! is severely hypoproternemic or anemic, wound 
healing may be delayed. Polydi.ox.ano ne, polyglvconato, 
polyglycol ic acid, or polyglactin 910 suture (2-0 or 3-0) is 
preferred to close the gastrotomy incision (see p. 351). Gut 
suture should be avoided for gastric surgery. 


Pi 


Benign gastric tumors are more commonly found in dogs 
than in cats; however, most gastric neoplasms are malignant 
(Table 21 - 4 0). Aden o ca rc inoma is the most common canine 
gastric tumor, accounting for 60% to 70% of reported cases, 
Adenocarcinomas tend to metastasize to the regional lymph 
nodes, the liver, or the lungs, or all three, and they may ap¬ 
pear diffusely infiltrative or nodular. They usually occur m 
the pyl o r i c a nt rum or lesser c u r vat ore. In fe ct to n wi th fM- 
cobacter pylori has been linked with gastric carcinoma and 
gastric mucosa-associated lymphoma in human beings. 
Other reported malignant gastric tumors in dogs include 
leiomyosarcoma, lymphosarcoma, and fibrosarcoma. 

Lymphoma is the most common gastric tumor in cats; 
adenocarcinomas are rare. Most affected cats test negative 
for feline leukemia virus (FcLV). Lymphoma may be solitary 
or diffuse in the stomach and may or may not simultane- 
ously affect the intestine. 

Leiomyomas are the most common benign canine gastric 
tumor. They tend to be slow growing, submucosal, and ex¬ 
pansile. Clinical signs may not be apparent until the tumors 
are large. Leiomyomas usually occur at the cardia, and com- 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


fil 


Small amounts of water should be given the day after surgery 
and the patient observed for vomiting. If vomiting does not 
o cc u r, sma 11 am o u nts o f fo o d ca n beg i ve n 24 hou rs pos to p - 
eratively. To aid gastric emptying, the diet should be low fat 
and contain moderate amounts of protein and carbohy¬ 
drates, If inflammatory bowel disease is possible, an elimi¬ 
nation (e.g., hypoallergenic) diet should be considered. 
Moist diets usually are preferable to dry diets. Fluid therapy 
should be continued until the animal can maintain hydra¬ 
tion with oral fluids. 
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PROGNOSIS 
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The prognosis depends on identification and treatment of 
underlying diseases and whether peritonitis is present. Fhe 
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Chapter 21 


noma, whereas beagles appear to have a higher incidence of 
leiomyoma. Males appear to be more commonly affected 
than females. Adenocarcinoma is most common in dogs 7 to 
10 years of age. Gastric adenocarcinoma is extremely rare in 
cats. Lymphoma affects primarily middle-aged and older 
dogs (average age, 6 years) and cats, Pythiosis may affect 
do gs o f any age. 

History, Animals with gastric neoplasia or other infiltra¬ 
tive disease usually have a history of anorexia. Chronic vom¬ 
iting, hematemes i s, melena, lethargy, weight loss, and/or 
edema may also occur. Many animals are relatively asympto¬ 
matic until the tumor becomes large enough to cause gastric 
outlet obstruction. Clinical signs with pythiosis generally are 
the result of gastric outflow obstruction and gastric stasis. 


ise 


M TABLE 21-40 
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Important Considerations for Gastric Neoplasia 


* Most gastric tumors are malignant 

* Anorexia, not vomiting, is the most common sign. 

* Many patients are anemic. 

* Most patients do not vomit 


plasm is 

advanced or is causing gastric outflow obstruction, 

* Neoplasia is a possible cause of ulceration in the dog 
and cat, but many neoplasms do not cause ulceration. 

* Not all obstructed patients have hypokalemic, 
hypochloremic, metabolic alkalosis. 

* Gastroduodenosoapy is usually more appropriate than 
contrast radiographs; with endoscopy, you can biopsy 
and often (not always) diagnose malignancy. 


Lted 
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Physical Examination Findings 


The physical examination findings in animals with gastric 
neoplasia or pythiosis often are nonspecific (e.g 
anemia, or edema or all three). Weight loss may be the result 
of anorexia, chronic vomiting, or cancer cachexia. Occasion- 

mass may be palpated in the stomach; however, 
detailed palpation of the stomach usually is difficult. Ab- 

with ulceration or pancreatitis. 
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Radiography, Ultrasonography, 

and Endoscopy 

Noncontrast radiographs generally are nondiagnostic. Con- 
trast radiographs may reveal filling defects, delayed gastric 
emptying, ulceration, loss of normal ruga] folds, mucosal 
thickening, or loss of gastric wall compliance. If a gastric neo¬ 
plasm is suspected, endoscopy allows mucosal biopsy of the 
stomach and duodenum. Tumors may be difficult to diagnose 
with endoscopy if they are scirrhous because they are dense or 
completely submucosal or both, Pythiosis is particularly diffi¬ 
cult to diagnose by flexible endoscopic biopsy because the or¬ 
ganisms are found in the submucosa. Thoracic radiographs 
should be taken to rule out pulmonary metastasis. Ultrasonog¬ 
raphy may detect metastasis to the liver or regional lymph 
nodes and help define the gastric lesion. Gastric neoplasia is as¬ 
sociated with mural thickening with loss of normal wall sono¬ 
graphic layers and diminished or absent local motility. An 
ultrasound-guided fine-needle aspirate or core needle biopsy 
may provide a preoperative diagnosis in alfected animals. 

Laboratory Findings 

Clinical pathologic changes in animals with gastric neoplasia 
usually are nonspecific, A microcytic, hypochromic or a nor- 
mocytic, normochromic anemia may occur. The anemia may 
be the result of blood loss or chronic disease. If biliary 
drainage is obstructed, icterus ensues. If vomiting causes loss 
of gastric secretions, a hypochloremic, hypokalemic metabolic 
alkalosis with or without paradoxical aciduria may occur. 


;ly to 
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m 21-78 

Pythiosis affecting the pylorus and antrum of a dog's 
stomach. Note the sharp line of demarcation between 
normal and abnormal tissue (arrows). 


flete surgical excision may be possible because they often are 
pedunculated. Adenomatous polyps occasionally are found 
in dogs. They may be multiple and rarely cause clinical signs, 
but vomiting or anorexia (or both) may be seen if the polyps 
occur at the pylorus and cause obstruction. Other benign 
i. tuners ra re ly tbu nd in dogs inclu d e ad en omas, lipo m as, and 
fibromas, 

Pythiosis Is a fungal infection caused by R insidiosum that 
can affect any part of the alimentary tract as well as the skin. 
It 1.5 primarily found in the southeastern United States, par¬ 
ticularly near the Gulf Coast. The fungus causes intensive 
submucosal infiltration of fibrous connective tissue and 
a profound inflammatory reaction in the mucosa (often 
with eosinophils) and deeper layers of the gastric wall (Fig. 
21-78), The organism often is difficult to find histologically, 
and large tissue samples that include substantial submucosa 
should be submitted. 


dogs 


; a n i ne 
cases. 


ymph 


ay up- 


cur in 

i Heli- 


ta i 


>eings, 
ncl u d e 


n cats; 

egative 

solitary 

ultane- 


DIAGNOSIS 

Clinical Presentation 


gastric 

ind ex- 

tumors 
d com- 


NOTE * if the animal is icteric, the lesion probably 
is near the pylorus. Be prepared to perform a chole- 
cystoen ter ostomy [see p. 478), 


Signalment. Belgian shepherd dogs and chow chows 

gastric card- 


may have a higher than normal incidence 
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DIFFERENTIAL DIAGNOSIS 


Anorexia may be associated with many systemic diseases 
(e.g., me mi a, hypoadrenocorticism) hepatic insufficiency 
hypercalcemia* inflammatory disease). Gastric outlet ob¬ 
struction caused by nonneoplastic disease (i.e*, chronic py¬ 
loric mucosal hypertrophy) may produce similar clinical 
signs (see p. 360 ). Cytologic or histologic examination of tis¬ 
sues (or both) is necessary to differentiate these conditions. 
Gastric foreign bodies can be differentiated from neoplasia 
with radiography or endoscopy. Pythiosis and neoplasia may 
be differentiated by cytologic examination of tissue scrap¬ 
ings of the submucosa obtained by full thickness biopsy (see 
Fig*. 21-101 on p* 394). 


MEDICAL MANAGEMENT 


FIG 21-79 

A resected pylorus from a dog that had gastric outflow 
obstruction caused by a submucosal adenocarcinoma 
farrows) that did not disrupt the mucosa. 


Medical management depends on the severity of the clini¬ 
cal signs. If possible, electrolyte* acid-base* hydration, and 
coagulation abnormalities should be corrected before 
surge r y 


SURGICAL TREATMENT 


Preoperative Management 

Food should be withheld for 12 hours before surgery. Peri¬ 
operative antibiotics may be given at induction of anesthesia 
and continued for up to 12 hours postoperative!y 


ture of the disease at diagnosis. Gastric drainage procedures, 
such as Billroth 11 procedures* may be warranted in some 
cases* Itraconazole therapy is being investigated and may 
help some patients* 

Wide surgical margins (including some normal tissue) 
should be obtained for both gastric malignancies and 
pythiosis* Cytologic examination of tissues submitted dur¬ 
ing the surgical procedure or frozen sections are helpful for 
determining the adequacy of the tissue margins. Surgical 

techniques for gastric resection are described on pp. 340 
to 344* 


Anesthesia 

See p. 338 for suggested anesthetics to use in dogs with gas 
trie disorders. 


Surgical Anatomy 

See p. 339 for the surgical anatomy of the stomach. 

Positioning 

The animal is placed in dorsal recumbency and the ab¬ 
domen is prepared for a ventral midline incision. The 
prepped area should extend from midthorax to the pubis* 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Absorbable suture materials* such as polydioxanone or 
polyglyconate (2-0 or 3 0), should be used. Chromic gut su¬ 
ture should be avoided. 


SURGICAL TECHNIQUE 


POSTOPERATIVE CARE 
AND ASSESSMENT 


With the exception of lymphoma* surgery is the only viable 
treatment for gastric neoplasia (Fig, 21-79)* 


The patients electrolyte and fluid status should be moni¬ 
tored postoperatively and deficiencies corrected. The animal 
can be fed a low-fat, bland diet beginning 24 hours after sur¬ 
gery if vomiting does not occur* If vomiting continues, cen¬ 
trally acting antiemetics such as prochlorperazine, metodo- 
pramide, or ondansetron (see Table 21-28) may k 
beneficial. An enterostomy feeding tube should be consid¬ 
ered to help provide nutrition in the postoperative period. 


Pat pole the regional lymph nodes for evidence of metastasis. 
Inspect the liver and other abdominal structures for metasta¬ 
sis or thickening and biopsy suspicious lesions. If the lesion 
appears localized to the stomach , consider gastric resection f 
because it might be curative. 


If wide excision and bypass procedures such as gastroje¬ 
junostomy and cholecystojejunostomy are necessary (see 
p. 478)* surgery is of dubious value because of the likelihood 
of tumor recurrence. Solitary gastric lymphoma is rarely 
cured by surgery alone* and chemotherapy is only palliative 
for diffuse lymphoma. 

Wide surgical excision is currently the only potentially 
curative therapy available for pythiosis; however, obtaining 
wide surgical margins is difficult because of the extensive na- 


PROGNOSIS 


1 he prognosis is guarded for most gastric neoplasms be¬ 
cause of their malignant characteristics and size at the time 
of diagnosis. For animals with benign lesions, surgery 
be curative* Pythiosis may be difficult to treat surgically be¬ 
cause of its rapid growth rate and extensive nature, but sur¬ 
gical cures have been achieved. 


may 
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Hematologic and biochemical profiles should be per¬ 
formed on animals suspected of having small intestinal ab¬ 
normalities to help identify concurrent systemic disease 
(e.g., renal disease, hepatic disease, hyperadrenocorlicism, 
hypercalcemia, diabetes mellitus, and pancreatitis) and to 
direct preoperative therapy (Table 21-42). Dehydration, 
acid-base abnormalities, and electrolyte imbalances are 
common sequelae to vomiting, diarrhea, and fluid seques¬ 
tration. These abnormalities should be corrected before in¬ 
duction of anesthesia if possible. Profuse vomiting typically 
results in dehydration and may cause hypochloremia, hy¬ 
pokalemia, or hyponatremia or all three. Vomitus originat¬ 
ing from the duodenum results in greater sodium, potas¬ 
sium, and water losses than does gastric vomitus. Alkalosis 
generally occurs with loss of gastric fluid; however, meta¬ 
bolic acidosis may occur as a result of fluid depletion from 
vomiting, insensible water losses, lack of intake, and/or ca¬ 
tabolism of body stores. Cross-matched whole blood should 

j 

be administered for acute hemorrhage when the packed cell 
volume ( PCV) drops below 20% or if the dog is weak or 
clinically hypoxic. Chronically ill, anemic patients should be 
given whole blood if hypovolemic and packed red blood cells 
(RBCs) if normovolemic. Clotting factor deficiencies should 
be corrected with whole fresh blood or fresh or fresh-frozen 
plasma. Platelet-rich plasma or platelet transfusions should 
be used if the animal is severely thrombocytopenic. Admin¬ 
istration of plasma (5 to 20 ml/kg) or whole blood transfu¬ 
sions several hours before surgery should he considered if 
serum albumin concentrations are below 1,5 g/dk There is 
some evidence that blood transfusions may impair intestinal 
healing and increase susceptibility to intraabdominal sepsis 
(Tadros, Wobbes, Hendriks, 1992). 

Plain radiographs may demonstrate abnormal gas-tluid 
patterns, masses, foreign bodies, abdominal fluid, or dis¬ 
placed viscera (Fig. 21-80). Both lateral recumbent views 
and a ventrodorsal projection should be taken. Contrast 
studies are useful for demonstrating foreign bodies, obstruc¬ 
tions, abnormal displacements, abnormal bowel wall thick¬ 
ness, irregular mucosal patterns, and distortion ol the bowel 
wall The positive contrast agent usually used for gastroin¬ 
testinal radiology is micro pulverized barium sulfate suspen¬ 
sion; however, iodmated contrast or iohexol should be used 
when intestinal perforation is suspected but septic peritoni¬ 
tis cannot be demonstrated with abdominocentesis or diag¬ 
nostic peritoneal lavage (see p, 272), 


Suggested reading __ 

Corner KM: Anemia as a feature of primary gastrointestinal neo¬ 
plasia, Compend Cant Educ Pract Vet 12:13, t990, 

Gualtieri M, Monzeglio MG, Scanziani E: Gastric neoplasia: 
progress in gastroenterology, Vfef Clin North Am Small Anim 
Pract 29:415,1999. 

lamb CRs Grierson J: Ultrasonographic appearance of primary 
gastric neoplasia in 21 dogs, / Small Anim Pract 40:21 1,1999, 
Rivers BJ ctal; Canine gastric neoplasia: utility of ultrasonography 
in diagnosis, / Am Ani m Hasp Assoc 33: 1 44, 1997, 
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GENERAL PRINCIPLES 
AND TECHNIQUES 
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DEFINITIONS 


y 


Enteroiomy is an incision into the intestine, and enterectomy 
is removal of a segment of intestine. Intestinal resection anti 
anastomosis is an enterectomy with reestablishment of conti¬ 
nuity between the divided ends. Enleroenteropexy, or intes¬ 
tinal plication, is surgical fixation of one intestinal segment to 
another; enteropexy is fixation of an intestinal segment to the 
body wall or another loop of intestine. 
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PREOPERATIVE CONCERNS 


Surgery of the small intestines is most often indicated for 
gastrointestinal obstruction (i.e,, foreign bodies, masses). 
Other indications include trauma (i.e., perforation, is¬ 
chemia), malposition mg, infection, and diagnostic or sup¬ 
portive procedures (i.e,, biopsy, culture and cytologic tests, 
feeding tubes). 

Diagnosis of small intestinal disease is based on the his- 

tor y, clt n i cal signs, physical exa minat io n > rad i ograp h s, ultra - 

sound scans, laboratory data, endoscopy, or biopsy, or all of 
these, Diet, medications, stressful events, and response to 
prior therapy should be ascertained from owners. The clini¬ 
cal signs of small intestinal disease vary and are non sped tic, 
although vomiting, diarrhea, anorexia, depression, and/or 
weight loss are common (Table 21-41), Pain and shock may 

result from trauma, vascular occlusion, or complete intes¬ 
tinal obstruction. Severe vomiting, shock, or an acute ab¬ 
domen suggests intestinal malposition, ischemia, perfora¬ 
tion, or upper intestinal obstruction. Chronic disease, 
however, is more typical of lower intestinal tract disease or 
partial obstruction (or both). Visual examination provides 
miormation about the animal's mental state, temperament, 
nutritional state, and comfort. Abdominal palpation may 
identify pain, a thickened small intestine, abdominal masses, 
or malpositioned organs. 
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NOTE * Do not use barium for a gastrointestinal 
radiographic study if intestinal perforation is sus¬ 
pected. instead document peritonitis by abdomino- 
centesis, diagnostic peritoneal lavage, or explora¬ 
tory surgery. 
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Ultrasonography can define intestinal and other abdom¬ 
inal masses and provide information about intestinal wall 
thickness (a normal small intestinal wall is 2 to 3 mm thick), 
the appearance and symmetry of the various wall layers, the 


lay 


ne¬ 


ar- 

















370 PART III 


Soft Tissue Surgery 


I) 


TABLE 21-41 


Clinical Signs of Chronic intestinal Disease 


LARGE INTESTINE 


SMALL INTESTINE 


CLINICAL SIGN 


Weight loss 
Appetite 


Consistent 

Variable 

Occasional 

Occasional 

Occasional 

Variable 


y normal; variable 


Belching 

Flatulence and borborygmus 
Distended abdomen 
Defecation quantity 
Defecation frequency 


Rare 

Rare 

Small to normal 

Normal to very frequent 

If present usually fresh, red (hematochezia) 

Present or absent 

Absent 

Sometimes 

Sometimes present 
Present with rectal disease 
May be normal or abnormal (blood, mucus, 
pain, mass) 

Uncommon 
Uncommon 


Normal to large 


Normal to slightly incr 

If present, usually dark, block (melena) 

Absent 

Occasional 

Absent 

Absent 

Absent 

Normal 


Blood in feces 


Mucus in feces 
S tea tor r h ea 


Urgency or tenesmus 

Dyschezia 

Rectal examination 


Variable 


Abdominal pain 
Poor hair coat 
Depression 


Variable 
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TABLE 21-42 
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1 


Preoperative Management of Patients Undergoing 
Intestinal Surgery 


t 


t 


* Obtain minimum data base: complete blood cell count, 
chemistry profile, urinalysis, coagulation profile (if pos¬ 
sible) with or without an electrocardi 

* Loca ize the lesion with abdominal palpation, radi¬ 
ographs, ultrasonography, and/or endoscopy. 

* Correct hydration, electrolyte, and acid-base abnormali¬ 
ties. 

* Transfuse if the packed cell volume is less than 20% or 
if the animal is clinically weak or debilitated. 

* Withhold food from mature animals for 12 to 18 hours 
and from pediatric patients 4 to 8 hours before indue- 

* Administer prophylactic antibiotics if indicated. 
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FIG 31-80 

Lateral radiograph of a depressed, anorectic, constipated 
2-year-old boxer wi th a "doughy" abdomen. Note the 
massive intestinal distension with gas and ingesta. A 
corncob was removed from the distal jejunum. 
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1 


ANESTHETIC CONSIDERATIONS 


b 


number of peristaltic contractions, the pattern of intestinal 
contents (gas-hyper echoic, mucus-echogenic without acoustic 
shadowing, fluid-anechoic), the location of the lesion, and 
the extent of disease. Mucosal and muscular layers are hv- 
poechoic; serosa is hypcrechoic. Gastrointestinal endoscopy 
allows visualization and biopsy of the duodenum (and 
sometimes the upper jejunum and ileum) for detection of 
inflammation, ulcers, masses, and changes in wall thickness 
or texture. 


Mature animals should be fasted for 12 to 18 hours before 
surgery, but pediatric patients should be fasted for only 4 to 
8 hours. Special anesthetic considerations are needed for pa¬ 
tients with bowel obstruction, ischemia, or perforation. 
Complications may arise because of uncorrected electrolyte, 
acid-base, and fluid imbalances. Enlarged viscera may com- 
■ess the vena cava, causing circulatory and vascular com¬ 
promise* Respiration may be compromised by viscera dis- 
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Surgery of the Digestive System 


Chapter 21 


TABLE 21-43 


TABLE 21-44 


Selected Anesthetic Protocols for Use in Stable Animals 
with intestinal Disorders 


Prophylactic Antibiotics for Animals Undergoing 

Intestinal Surgery 


Pre medication 


Cefazolin (Ancef, Kefzol) 

20 mg/kg given intravenously (IV) 

Cefmetazole (Zefazone) 

1 5 mg/kg IV 

Cefoxitin (Mefoxirt) 

15-30 mg/kg IV 


Give atropine (0,02-0.04 mg/kg SC or IM) or glyco- 
pyrrolate (0.005-0,01 1 mg/kg SC or IM) plus 
axymorphone* 0,05-0/1 mg/kg SC or IM) or butor- 
phanol (0,2-0,4 mg/kg SC or IM) or buprenorphtne 


(5-15 |Lt/kg IM) 


Induction 

Thiopental [10-12 mg/kg IV) or propofol (4-6 mg/kg IV) 
or a combination of diazepam and ketamine (di¬ 
azepam 0,27 mg/kg plus 5.5 

titrated to effect) 

Maintenance 

Isaflurane, sevoFlurane, or halothane 


ketamine IV; 


severe mucosal damage or acute gastrointestinal disease as¬ 
sociated with bloody diarrhea, fever, leukocytosis, leukope¬ 
nia, or shock, or all of these. 

Surgical techniques that involve entering the intestinal 1 un¬ 
classified as clean-contaminated or contaminated 


*U$e 0.05 mg/kg in cots, 

■SC, Subcutaneous; IM, intramuscular; IV f intravenous. 


men are 

procedures, depending on the amount of spillage (see p. 64). 
The risk of infection in contaminated wounds increases with 


patient stress, the organism’s pathogenicity, tissue susceptibil¬ 
ity, and time. Pathogens that often cause peritonitis after in¬ 
testinal surgery are E. colit Enterococcus spp., and coagulase- 
positive Staphylococcus aureus. Although less frequently 
isolated, anaerobes are also common and may cause peri¬ 
tonitis (see p. 267). Prophylactic antibiotics are indicated in 
animals with intestinal obstruction because there is an in¬ 


placing the diaphragm cranially. Nitrous oxide increases the 
volume of air trapped in body viscera and therefore should 
be avoided in patients with intestinal obstruction. Visceral 
manipulation may induce bradycardia; however, atropine or 
glycopyrrolate can treat this. Water evaporates from exposed 
abdominal viscera at ail increased rate; therefore fluid ad¬ 
ministration must be increased to replace this loss. Body 
heat is lost from exposed viscera and may lead to hypother¬ 
mia, which reduces the need for anesthesia. Care should be 
taken during surgery to try to maintain the patient s body 
temperature above 95° F (35° C), Selected anesthetic proto¬ 
cols for animals in stable condition undergoing small intes¬ 
tinal surgery are provided in Table 21 -43. Sick or debilitated 
animals should be anesthetized with care. Selected anesthetic 
protocols for animals with peritonitis are 


creased risk of contamination associated with bacterial over- 

also indicated when devascular i ze d and 

traumatized tissue is present and when surgery is expected to 
last longer than 2 to 3 hours. First-generation cephalosporins 

cefazolin; Table 21-44) should be administered before 
surgery on the upper and middle small intestine, whereas 
second-generation cephalosporins (e.g., cefrnetazole or ce¬ 
foxitin; Table 21 -44) should be considered for procedures in¬ 
volving the distal small intestine and large intestine. .Antibi¬ 
otics should be redosed 2 hours after the initial dose. 


growth. They are 


(e.g 




provided on p. 2/1. 


ANTIBIOTICS 


B 


\ large flora of normal bacteria populates the gastrointesti¬ 
nal tract. Bacterial numbers are smaller in the duodenum 
and jejunum than in the ileum, colon, and rectum. The 
colon has the greatest number of bacteria, both aerobic and 
anaerobic. Normally fewer pathologic bacteria reside proxi¬ 
mal to the ileocecal valve unless peristalsis is interrupted by 
ileus or obstruction and the normal flora is overgrown. Res¬ 
ident bacteria proliferate abnormally in the involved bowel 
because stagnant luminal contents and devitalized wall are 
excellent growth media. Six hours of abnormal conditions 
may allow bacterial numbers to increase from 10 J to 10 4 /ml 
• ingest a lo IQ 8 to It) 1 '/ml. The major gastrointestinal toxin- 
producing bacteria are Escherichia coli and Clostridium spp. 
h ding animals off food reduces bacterial numbers in the 

nail intestine and stomach. Antibiotic therapy alters the 
normal intestinal flora and promotes resistant strains of bac- 
teria. Nonetheless, antibiotics are indicated in animals with 


SURGICAL ANATOMY 


The intestines in dogs are approximately five times the body 
(crown to rump) length, with 80% being small intestine. 
Duodenum, jejunum, and ileum make up the small intes¬ 
tine. The duodenum is the most fixed portion, beginning at 
the pylorus to the right of midline and extending approxi¬ 
mately 25 cm. It courses dorsocranially for a short distance, 

turns eaudallv at the cranial duodenal flexure, and continues 

/ 

on the right as the descending duodenum. The duodenum 
turns cranially at the caudal duodenal flexure, where the 
duodenocolic ligament attaches. The ascending duodenum 
lies to the left of the mesenteric root. The common bile duct 
and pancreatic duct open in the first few centimeters of the 
duodenum at the major duodenal papilla in 
cessory pancreatic duct enters caudal to this at the minor 

duodenal papilla. 
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Tissue Surgery 


The jejunum forms most of the small intestinal coils lying 
in the ventrocaudal abdomen. It is the longest and most mo¬ 
bile segment of the small intestine. It begins to the left ot the 
mesenteric root where the ascending duodenum turns to the 
right at the duodenojejunal flexure. The ileum has an antime- 
senteric vessel and is approximately 15 cm long. It passes from 
the left to the right side in a transverse plane through the mid- 
lumbar region caudal to the root of the mesentery and joins 
the ascending colon on the right of the midline at the ileocolic 
orifice. The root of the mesentery attaches die jejunum and 
ileum to the dorsal body wall. Branches of the celiac and era- 

t* 

nial mesenteric arteries supply the small intestine. Mesenteric 
lymph nodes lie along vessels in the mesentery; 

The layers of the intestinal wall are the mucosa, submu¬ 
cosa, muscularis, and serosa* Mucosa is an important barrier 
that separates the luminal environment from that of the ab¬ 
dominal cavity* Mucosal health and the intestinal blood sup- 

important for normal intestinal secretion and ab¬ 
sorption, The submucosal layer provides blood vessels, 
lymphatics, and nerves. The muscularis is needed for normal 
motility. The serosa is important for forming a quick seal at 
a site of injury or incision. 


TABLE 21-45 


Principles of Intestinal Surgery 


• Early diagnosis and good surgical technique prevent 
most complications. 

* Perform surgery as soon as the diagnosis is made in 

n perforation, strangulation, or complete ob- 


patients wit 

struct ion* 

* Optimal healing requires a good blood supply, accu¬ 
rate mucosal apposition, and minimal surgical trauma 

* Systemic factors may delay healing and increase the 
risk of dehiscence, hypovolemia, shock, hypoproteine- 
mia, debilitation, and infection. 

* Use approximating suture patterns: simple interrupted, 

Gambee, crushing, or simple continuous. 


» Engage submucosa in all sutures. 

• Select a monofilament, synthetic absorbable suture such 

polydioxanone, polyglycanate, or poliglecaprone 25. 

• Cover surgical sites with omentum or a serosal patch. 

• Replace contaminated instruments and gloves before 
closing the abdomen* 


as 


measurements. These techniques are technically cumber- 

expensive, and not generally suited for clinical use, 
Doppler ultrasonic flow probes have been used to detect pul¬ 
satile mural blood flow with an accuracy of 80%, Raise 
oximetry measures oxygen saturation via pulse probes and 
may be superior to Doppler ultrasound in determining intes¬ 
tinal viability. Pulse oximetry of the intestinal wall as com- 
pa red with p e r i p her a 1 oxygen saturation has sh own that n or- 
mal intestine remains within 1 cm of a normal pulse 
oximetry reading. Pulse oximetry is a reliable, reproducible 
means of assessing arterial perfusion of ischemic intestine, 
exceeding the overall accuracy of either standard clinical cri¬ 
teria or Doppler ultrasound when compared with fluorescein 
dye. Pulse oximetry is not as sensitive as fluorescein dye in de¬ 
tecting viability in segments with combined arterial and ve¬ 
nous occlusion {DeNobile, Guzzetta, Patterson, 1990). 

I n t r a veno u s in j e ctio n of va r io us agents (primari ly fluo ■ 
rescein dye) is practical but o:l limited accuracy [95% accu¬ 
rate in detecting nonviable bowel, less than 58% accurate in 
detecting viable bowel). Fluorescein 
venously (15 to 25 mg/kg), allowed to equilibrate for 2 to 3 
minutes, and then the intestine is 
lamp in a darkened operating room. Viable intestine has flu¬ 
orescing areas of a smooth, uniform, green-gold color or a 
finely mottled pattern with no areas of nonfluorescence 
larger than 3 mm in diameter. Fluorescein can be use® only 
once in a 24-hour period* Dyes such as fluorescein 
only perfusion and not mucosal integrity, which is essential 
for maintaining the mucosal barrier. Although this tech¬ 
nique is a test of vascularity and not specifically viability, si 
can be a valuable adjunct in predicting viability. 

Biopsy Techniques 

intestinal biopsy is indicated to diagnose intestinal diseases 
that have not been defined by other tests. The small intestine 


NOTE * Because the submucosa is the intestinal 
layer that provides mechanical strength, it must be 
engaged when suturing intestine to provide a secure 
closure* 


SURGICAL TECHNIQUES 


Surgical correction of mechanical obstructions preferably is 
performed within 12 hours of diagnosis, 
partial to complete correction of fluid, acid-base, and elec¬ 
trolyte abnormalities. The benefits of stabilizing the patient's 
condition must be weighed against the risk ot ischemic 
necrosis caused by vascular disruption, which increases with 
time (Table 21-45). Perforation, loss of mucosal integrity, and 
systemic exposure to intestinal bacteria and toxins are life- 
threatening developments. Surgery for penetrating abdomi¬ 
nal wounds, intestinal perforation, volvulus, or peritonitis 
should be performed as soon as the diagnosis is made* 

Ischemic necrosis of the bowel wall may occur with ob¬ 
struction (complete or partial ) or strangulation* Routine cri¬ 
teria for assessing bowel viability include observation of in¬ 
testinal color (pink to red rather than blue to black), wall 
texture, peristalsis, pulsation of arteries, and bleeding when 
incised. Because these factors are subjective, assessment of vi¬ 
ability often is difficult* Bathing the involved segment in 
warm saline for a few minutes may improve color and peri- 

normal appearance does not guarantee 
that the bowel will heal after surgery, therefore bowel of ques¬ 
tionable viability should be resected. A number ot techniques 
have been proposed for increasing the accuracy of standard 
clinical criteria for viability assessment, and their most com¬ 
mon error is that viable bowel would be resected* Viability 
assessment techniques include the use of electromyography, 
radioactive microspheres, microtemperature probes, and pH 
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Chapter 2 1 Surgery, of the Digestive System 


Exteriorize and isolate the diseased or desired intestine from 

the abdomen by packing 

Gently milk chyme (intestinal contents) from the lu- 

of the identified intestinal segment To minimize spillage 


be biopsied during endoscopy, ultrasonography, or la- 

\ require general anesthesia 

sedation. The least invasive method of obtaining an intes- 

doscopy. Endoscopic biopsies are limited to 


may 


laparotomy 


with towels 


or 


parotomy. All biopsy techniques 


sponges . 

men 1 _ 

of chyme, occlude the lumen at both ends of the isolated seg¬ 
ment by having an assistant use a scissor!ike grip with the in¬ 
dex and middle fingers 4 to 6 cm on each side of the pro¬ 
sed enterotomy site (Fig, 21-81 N- If on assistant is not 
available , use noncrushing intestinal forceps (Doyen) 
Penrose dram tourntguef to occlude the intestinal lumen , 
Make a full thickness stab incision into the intestinal lumen 
the anti mesenteric border with a 

Obtain full thickness biopsy samples 2 to 3 

by making a second longitudinal incision parallel to the first 
with the scalpel blade or by removing an ellipse of intestinal 
wall at one margin of the first incision with Metzenbaum scis- 

(Figs. 21-81, B and C). 


or 


tinal biopsy is en 

infiltrative disease involving the mucosa and submucosa and 

to lesions located within the length of the endoscope. Fine- 

needi e aspiration biopsy, microcore biopsy, or 

biopsy may be performed during ultrasono 


a u to m a te d 


po 


microcore 

graphic examination of intestinal lesions; however, they may 
be difficult to perform if mild or moderate infiltration is 

present These procedures are 
tine and are generally safe and quick; sedation 

required. For fine-needle aspiration of lesions 

smaller than 2 cm in diameter, a 23- to 25-gauge 
spinal needle or a Westcott biopsy needle may be used. It as- 

ondiagnostic and the lesion is larger 

than 2 cm in diameter, an automated microcore biopsy may 
be performed (Bard Biopty-Cut biopsy needle). As an alter¬ 
native, a mierocore biopsy may be performed using 
22-gauge needle, which is passed repeatedly through the le¬ 
sion, A syringe with a small amount of air is then attached to 
the needle, and the cells are blown out onto a slide. Possible 
complications include peritonitis, hematoma, tumor seed¬ 
ing, and trauma to adjacent organs. 


or a 


applicable to the entire intes- 

or general 


No. 1 1 scalpel blade. 

wide either 


on 


mm 


anesthesia is 


, 3’4-inch 


pirated samples are 


n 


sors 


Transverse enterotomy incisions 
tain biopsies. 

Place the biopsy serosal side down on a heavy piece of ster¬ 
ile paper to help prevent curling of the specimen. Close the 
incision as described below with simple interrupted sutures 

(Fig. 21-81, Of 


a 20- or 


localize /fie lesion with the transducer and aseptically prepare 

Tense the skin and puncture with the nee- 

die. Usmg u/frasound guidance, direct the needle into the le¬ 
sion bet no/ through the mucosa. For aspiration biopsies , re- 

fhe siylef and apply suction wtrfi a 6-mi syringe three to 
m limes. After relea$ing saction, r emove the needle and sy¬ 
ringe. Collect two to four samples and evaluate the cytologic 

biopsy select a site as far from 


may also be used 


Simple continuous or crus 
to cl o s e the e 11 tero to my. 


sutures 


tills site , 


d 


over 


L“ 


If a foreign body is present, moke the incision in neolthy-ap- 

distal to the foreign body (Fig, 21-82). 

with Met- 


move 


pea ring tissue 

Lengthen the incision along the intestine's long axis 
zenboum scissors or scalpel as necessary to allow removal 
f the foreign body without tearing the intestine. 

After biopsy or removal of the foreign body prepare the 
incision for closure by trimming everted mucosa so that its 
edge is even with the serosal edge (if necessary). Suction the 
isolated lumen. Close the incision with gentle oppositional 

force In a long /Yudina/ or 
interrupted sutures (Fig. 21-83), Place sutures through all 
layers of the intestinal wall 2 mm from the edge and 2 to 3 

apart with extraluminal knots. Angle the needle so that 
the serosa is engaged slightly farther from the edge than the 
mucosa (Fig. 21-84) to help reposition everting mucosa 

the lumen. Tie each suture carefully without cutting 


preparations, 

the Infestinol /amen os possible. Using the Tru-Cut biopsy i 

rumen/ yyitii ul/ra so and guidance f collect one or two biopsies. 
Transfer /tie samples to biopsy traps and place in f 0% forma¬ 
lin, After 'sampling, observe the biopsy site with ultrasound for 

hemorrhage , Abdom- 


e 


tn- 


o 


i- 


tn 


e- 


r e— 


fluid collection suggestive of leakage 

'n pi radiography m ay be used to look for pn eum open ton eum 
Monitor the mucous membrane color, capillary 
pulse, and respiratory rate during recovery 


or 


transverse direction using simple 


to¬ 


re 


ru¬ 


in 


ra 


Enterotomy 

Laparotomy and enterotomy should be performed it endo¬ 
scopic or ultrasound biopsy is not possible or is nondiag¬ 
nostic. Enterotomy allows full thickness biopsy samples to be 
collected from all areas of the intestine and from other ab- 


o 3 


>d’s 


with in 

through layers of the intestinal wall to gently appose all 
testinal layers without crushing the tissue. Use a monofila¬ 
ment, absorbable suture material (4-0 or 3-0 polydiox 

with 


flu- 




>r a 
nee 
mly 

sess 

itial 


dommal structures. Longitudinal or transverse enterotomy 

be made to collect biopsy samples. Multiple 


anone, polyglyconate, or poliglecaprone 25) 
swaged on taper or topercuf pomf needle. Consider 
ono filament, nonabsorbable suture (4-0 or 3-0 polyp ropy - 

polybufester) if the patient has 

level o(2g/dl or lower. While maintaining 

the enterotomy site , moderately distend the lumen with 
sterile saline, apply gentle digital pressure , and observe for 
leakage between sutures or through needle holes. Place ad¬ 
ditional sutures if leakage occurs between sutures. Lavage 


a 


incisions 

biopsies should be performed, and the samples should be 
reasonably large (4 to 5 mm in diameter) and should contain 
adequate amounts of mucosa. The entire abdomen should 
be explored thoroughly before biopsies are performed. Sam¬ 
oks should be collected from the lymph nodes, liver, kidneys, 
or other tissues before gastric or intestinal procedures to pre¬ 
contamination. Other indications for enterotomy 
include removal of foreign bodies and luminal examination. 
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FIG 21-81 

Intestinal biops 
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« A, Make a stab incision into the 
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FIG 21-83 
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Chapter 21 Surgery of the Digestive System 
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FIG 21 

A, For an approximating suture closure of the intestine, 
place simple interrupted sutures 2 mm from the edge and 2 
to 3 mm apart. Engage slightly more serosa 
force everted mucosa back into the lumen. B, Place crushing 
sutures similarly but pull them tight to cut through all layers 
except the submucosa when tying. 


transect the arcadial mesenteric vessels from the cranial 
mesenteric artery that supplies this segment of intestine (Fig. 
21 -85), Double ligate the terminal arcade vessels and voso 
recta vessels within the mesenteric fat at the points of pro¬ 
posed intestinal transection , Gently milk chyme (intestinal 
contents) from the Iu men of the identified intes final segment . 
Occlude the lumen at both ends of the segment to minimize 
spillage of chyme (see above). Place forceps across each end 
of the diseased bowel segment ffoese forceps may be either 
crushing or noncrushing because this segment of foe intestine 
will be excised). Transect the intestine with either a scalpel 
blade or Metzenbaum scissors along the outside of the for¬ 
ceps , Make the incision either perpendicular or oblique to 
the long axis. Use a perpendicular incision (75- to 90- 
degree angle) at each end if the luminal diameters are the 
s am e. Wh en the luminal s izes of the in tes ti n al ends are ex¬ 
pected to be unequal [ use a perpendicular incision across 
foe intestine with the larger luminal diameter and an oblique 

incision (45- to 60- degree angle) across the intestine with 

the sma//er luminal diameter to help correct size disparity 

(see Figs. 21-85 and 21 -86). Make foe obliq ue incision such 
that the antimesenteric border is shorter than the mesenteric 
border. Suction the intestinal ends and remove any debris 
clinging to the cut edges with a moistened gauze sponge. 
Trim everting mucosa with Metzenbaum scissors 
beginning the end-to-end anastomosis , 

Use 3-0 or 4-0 monofilament f absorbable suture ( poly* 
dioxanone, polyglyconate or poliglecaprone 25) with 
s waged-on taper or tapercut point needle . In peritonitis 
cases monofilament, nonabsorbable suture (3-0 or 4-0 


FIG 21-83 

Enterotamy incisions may be closed transversely if the 
intestinal lumen ts small. Join the extremes (x and y) of the 
longitudinal incision with a simple interrupted suture to 
transpose the incision to a transverse orientation. Place 
remaining sutures 2 to 3 nnm apart. 






the /sola ted tnfeshne and the entire abdomen if contamina¬ 
tion bos occurred Place omentum over the suture I foe b e fore 

a serosal patch (see p. 380) 
rather than omentum if intestinal integrity is question a b/e or 
if /eafoge occurs from needle holes. Replace contaminated 
instruments and gloves before closing the abdomen. 

Intestinal Resection and Anastomosis 

Intestinal resection and anastomosis arc recommended for 
removing ischemic, necrotic, neoplastic, or fun gal-infected 
segments of intestine. Irreducible intussusceptions are also 
managed by resection and anastomosis. End-to-end anasto¬ 
moses are recommended. 

Sutured anastomoses. Mote an abdominal incision 
Jong enough to allow exploration of the abdomen . Thor¬ 
oughly explore the abdomen and collect any non intestinal 
specimens, then exteriorize and isolate the diseased fofestifoe 
from the abdomen by packing with towels or laparotomy 
sponges. Assess intestinal viability and determine the 
amount of intestine needing resection. Double ligate and 




closing the abdomen. Use 
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FIG 21-85 

For small intestinal resection and anastomosis, place forceps transversely across the dilated 
proximal intestine and obliquely across the distal intestine. Ligate vessels as indicated. A, Tran 
sect the intestine and mesentery where the dotted lines indicate, B, Place the first suture at the 
mesenteric border and the second at the antimesenteric border* C, Place additional simple 
interrupted sutures to complete the anastomosis. Appose the mesentery in a simple continuous 

pattern* 
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polypropylene, pclybuteslar, or nylon) is sometimes used . 
Place s Impie interrupted sutures through oil layers of the in¬ 
testinal wall. Angle the needle so that the serosa is engaged 
slightly farther from the edge than the mucosa (see Fig . 
21-841 This helps reposition everting mucosa within the lu- 

Tie each suture carefully to gently appose the edges of 
file Intestine with the knots positioned exhaluminolly 


Tying sutures roughly or with too much tension causes 
the suture to cut through the serosa, musoularis, and mucosa 
and creates a crushing suture (see Fig, 21-84), Some sur¬ 
geons prefer this suture, and others use a simple continuous 
pattern (Fig. 21-87). Pulling continuous sutures too tight has 
a purse-string effect, and significant stenosis may occur. A 
continuous pattern around the intestine may limit dilation 
at the anastomotic site and cause a partial obstruction. Ex¬ 
perimentally, skin staplers have been used successfully in lieu 
of interrupted sutures {Dawson et ah, 1992). 


oppose /he intestinal ends by first placing a simple inter¬ 
rupted suture at the mesenteric border (see Fig. 21-85, BJ 
one/ /hen p/aoVig a second suture at the anti mesenteric bor¬ 
der approximately 180 degrees from the first (this divides the 
suture line Into equal halves and allows determination of 
whether the ends are of approximately equal diameter). 




The mesenteric suture is the most difficult suture to place 
in the anastomosis because of mesenteric fat. It is also the 
most common site of leakage. 

If the ends are of equal diameter, space additional sutures 
I hefween /he first two sutures approximately 2 

edge and 2 to 3 mm aparf (see Fig. 2 1 -85, Q). if minor dis¬ 
parity still exists between lumen sizes, space the sutures 
j around /he larger /omen slightly farther apart than the su¬ 
tures in /he intestine with the smaller lumen (Fig. 21 -88). To 
correct luminal disparity that cannot be accommodated by 
fire angle of the incisions or by suture spacing, resect a small 
I wedge f 1 to 2 cm long and I to 3 mm widej from the 

timesentenc border of the intestine with the smaller lumen 
(Fig. 2h89)' This enlarges the perimeter of the stoma , giv¬ 
ing it an oval shape. Do not suture together the edges o f the 
intestine with the forger lumen in an attempt to reduce lumi¬ 
nal size to that o f the s mailer in tes tin e . 




FIG 21-87 


modified simple continuous 


End-to-end anastomosis using 
pattern. A, Place and fie oppositional sutures at the 
antimesenteric and mesenteric borders, leaving the needles 
attached. B, Using the suture tags as stay sutures to 
maintain tension, place a continuous suture line between 

the antimesenteric and mesenteric sutures. Reposition the 
intestine and begin a second continuous suture line on the 
opposite side. 


Narrowing the larger lumen is not recommended because 
there is greater tendency for stricture at the anastomotic site 
when the dilated intestine contracts to a normal size. 




Place additional sutures if leakage occurs between sutures. 

Close the mesenteric defect in a simple continuous or inter¬ 
rupted pattern using 4-0 polydhxanone, polyglyconate, or 
poliglecaprone 25 suture, taking care not to penetrate or 
traumatize arcadial vessels near 
la ted iin tes tine a nd th e en tire ob dom en i f abdom inal co n tom i - 
nation has occurred, Wrop the anastomotic site with omentum 
before closing the abdomen or use a serosal patch (see p. 
380) i f in tes tinal in teg rity is q ues tion o ble and lea kage is Iikely. 


A her su/ure placemen t, inspect the anastomosis and check 

for leakage. While maintaining luminal occlusion adjacent 

to the anastomotic site, moderately distend the lumen with 
sterile saline, apply gentle digital pressure, and observe for 
leakage be/ween sutures or through needle hole s. 


the defect. lavage the 




This is a subjective test, because all anastomoses can be 
made to leak if enough pressure is applied.. 
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stapling techniques, A functional end-to-end anastomosis 

creates a larger stoma than the original intestinal lumen and 

is the preferred technique because the other two stapling 
techniques reduce the size 

nioses have a higher tensile strength than sutured 

moses after 7 days. 1 hey heal by primary intention with 

minimal inflammation. T hick, inflamed, and edematous tis¬ 
sues 

complete penetration and formation of the staples into 
B-shaped configuration. Dilation causes thinning of the vis¬ 
ceral walls and may result in tissues that are too thin for the 
staples to be effective. 




of the lumen. Stapled anasto- 
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FIG 31-88 

In addition to angling the incisions (see Fig.21-86), further 
correct for size disparity by spacing sutures around the 
larger lumen slightly farther apart than around the smaller 


A triangulating end-to-end anastomosis 


is performed 

with a transverse (thoracoabdominal [TA)) stapling instru- 

m en t. 


lumen. 


Remove the diseased intestine, then pi 
to divide the stoma into th 


ace th ree $ lay sutures j 
ree equal segments and oppose] 
the divided intestinal ends. Apply the TA stapler across eocA 

segment, partly overlapping the previous staple line, fin 
protruding tissue before removing the instrument. Each ap¬ 
plication of the stapler applies a double staggered row d 
staples. This technique everts the edges. Inspect the 

mosis for leakage and lavage. Appose the mesentery h a 
continuous suture pattern. U 


An times enteric 
incision 


f/i 






orcsta' 


I XI 


I i 


t 


An end-to-end anastomosis is performed using 
lar, inverting, end-to-end anastomosis stapler (EEA, Pre¬ 
mium CEEA, or ILP staplers. These instruments 
posed of a staple cartridge with a circular blade attached to 
dome-shaped anvil and rod (Fig. 21-90). They are avail* 

sizes that create anastomotic stomas appro** 
smaller than their cartridge size i HA, 


it i 


a lw- 


a re c om- 


able in severai 


imately !0 mm 

31 mm, 28 mm, 25 mm, and 21 mm; ILP, 33 

mm, and 21 mm). The intestinal lumen should be 
0,6 mm 


mm, 29 mm, 


e 


t 


in diameter than the stapler. Activation ap 

of staples and simultaneous 
resects a doughnut of intestinal wall at the anastomotic site. 
End-to-end staplers are used less often 

than in other areas of the gastrointestinal tract because of 
the small lumen size of the small intestine. End-to-end sto¬ 
pfers are commonly used during Billroth 1, esophageal, jnd 
large bowel anastomotic procedures. Do not use the stapler 
ii the tissue is too thick (Le., will not compress to 2 miM I 
too thin ( i.e., compresses to less than 2 mm) and only ifrf I 

llcient tissue is available to allow proper inversion of lissue 
edges, ■ 


s 


plies a circular double 


// 


k 


in the small intestine 


ft 


FIG 21-89 

If incision angling and suture spacing do not totally 
accommodate the luminal size differences, r:::: 
from the antimesenteric border of the distal intesfi 


m 




wedge 


remove a 


sii 


me. 


thi 


ra 


Stapled anastomoses. Resection may also be accom¬ 
plished with staples. Three stapled anastomosis techniq 
available: (1) triangulating end-to-end, (2) inverting 

end-to-end, and (3) side-to-side or functional end-to-end 
anastomoses. The small 

mm) often precludes the use of triangulating and inverting 
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bgate and divide vessels to the diseased intestine 
Dissect the mesentery away from each intestinal segment [3b 

cartridge , 1.5 cm; 28 mm cartridge, 1 
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FIG 21-90 

For an inverting end-to-end anastomosis, use an end-to-end anastomosis stapler and 
transverse stapler. Insert the stapler cartridge into the intestinal lumen through an 
enterotomy 3 to 4 cm from the transection site. Insert the anvil into the other intestinal end. 
Tie purse-string sutures securely around the shaft of the stapler. After completing the 
anastomosis, dose the enterotomy with sutures or a transverse stapler. 
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with sterile water to dilate the intestine adequately After dila¬ 
tion, insert the stapler components . Tie both purse-string 
tyres securely a ro und the shaft of the s tapler (see Fig . 21-901 
Twist the wing nut to compress the intestinal segments between 
the cartridge and the anvil until the unit is aligned. Examine 

the anastomotic site for evidence of intestinal slippage. Re- 

squeezing 










cartridge, 0.5 cm J beca use these tiss ues or Iiga fores may in 
federe with closing of the instrument. Place the purse-string in¬ 
strument around the proximal intestine at the point of desired 
transection. Place the purse-string so fore and transect the in¬ 
testine us rng th e purse-s tring ins tru men t as 
Pi'oce a purse-sfnng suture and make the distal transection us - 

. Inserf a lubricated ovoid sizer through 
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iy 
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the cutting guide . 




te 


lease the safety and activate the instrument 
handles. Partly separate the anvil and cartridge by loosening 
the wing nut and remove the stapling instrument Facilitate re 
moval of the instrument by placing a traction suture around 
the staple line and lift the edge of the staple line 
while gently rotating the instrument . inspect the severed, In- 
erted intestinal segment; to prevent leakage, make sure all 

present inspect the anastomotic site for hem 


e same technique 

enterotomy to determine the appropriate staple cartridge 

size and to dilate the intestine, insert the stapler cartridge into 
Ae intes fine?/ /urnen fh rough a n on terotomy 3 to 4 
transection site. Inserf fhe anvil Info the other intestinal end , 
facilitate placement by placing three or four stay sutures at the 

edge of the Intestine. Using /he sfay sutures, first pull the 

mesenteric border of the intestine over the anvil and then over 

f.he or?/! mesenteric border. If it appears that the lumen of the 

intestine will no/ easily accommodate the anvil or the sizer of 
rta desired diameter, insert o well-lubricated , 26 to 30 French 
Foley catheter with a 30-ml balloon „ S/owly inflate the balloon 
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of 
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on 


ra¬ 


nd 


ler 




over the anvil 


or 




uf- 
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sue 


tissue layers are 
orrhage and integrity. Close the enterotomy with sutures 




or a 

transverse stapler : Close the mesenteric defect in a continuous 
pattern. Lavage the surgical site and place 
serosal patch (see p. 380) before closing the abdomen 
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Linear stapler is inserted 


Transverse 


into the transected bowel 


stapler 


ends and activated 


FIG 21-91 

For a functional end-to-end anastomosis, use a linear cutting stapler and a transverse 
stapler Fully insert (50 mm) the linear cutting stapler into the stomas of each intestinal 
loop and activate it, Separate the stapled suture line and apply the transverse stapling 
instrument to close the anastomosis. 


Serosal Patching 

Serosal patchmg is p lacement of an antimesenteric burder • I 
the small intestine over a suture line or organ defect and se¬ 
curing it with sutures (Fig. 21-92). Serosal patching provides 
s li ppo r t, a ti b r i n seal , re sistan ce t o lea ka ge, a n d blood supply 
to the damaged area and may prevent intussusception. 
Patches are commonly used after intestinal surgery when 
closure integrity is questioned or when dehiscence is re¬ 
paired, Patches that span visceral defects are covered with 
mucosal epithelium within 8 weeks. Most commonly je¬ 
junum adjacent lo the defect or area of questionable viabil¬ 
ity is used for the serosal patch, although other sources cojL 

include the stomach, other intestinal segments, or the uri¬ 
nary bladder. 


A side-to-side anastomosis or a functional end-to-end 
anastomosis is created using a linear cutting stapler {gas¬ 
trointestinal anastomosis [GIA] stapler) and a transverse 
anastomotic stapler (TA or RU 60). This is the preferred 
technique for small intestinal anastomosis because the re¬ 
sulting stoma is larger than the original, and disparity in lu¬ 
minal size is easily accommodated. 


Resect diseased intestine and use the linear cutting stapler to 
join the bowel segments at their anti mesenteric b orders, cre¬ 
ating on antipen stable s ide-to-side anastomosis. Fully insert 
{50 mm) the linear cutting stapler into the stomas of each in¬ 
testinal loop and activate it (Fig. 21-9]). Activation results in 
the placement of two double staggered staple lines that join 
the intestinal loops as the knife simultaneously incises be¬ 
tween them. Separate the stapled suture line and apply the 
transverse stapling instrument to close the anastomosis . The 
transverse stapler places a double staggered row of staples 
but has no cutting action. Transect protruding intestinal 
flush with the stapler. Remove the stapler and place 
charing suture at the base of the staple line, where tension i; 
greatest, to discourage staple pullout. Close the mesenteric 

defect in a continuous pattern before Savaging, patching , 
and closing the abdomen . A similar stapling method, the 
closed, one stage functional end-to-end anastomosis, in¬ 
volves creating the side-to-side anastomosis with the linear 
cutting stapler by inserting it through small antimesenteric 
stab incisions before resection of the dis eased bowel. Tran¬ 
sect the diseased bowel after application of the transverse 

stapler (Latimer et of, 1998). 


to tl 


Use one or more loops of intestine to form the patch. Use 
gentle loops to avoid stretching, twisting, or kinking fhe in- ^ 
testine and mesenteric vessels , If using more than one i'ocp 1 
of in tes tine, s u turn th ese I oops togeth er be fore securing rfif j 
patch to the damaged area (see Fig. 21-92). All sutures used I 
to create or secure the patch engage the submucosa, mm 
cularis , and serosa; they should not penetrate the intesfimi 
lumen. Place interrupted or continuous sutures in healthy Jfr 
sue to secure the patch and isolate the damaged area, I 

Bowel Plication I 

Enteroenteropexy, or bowel plication, is performed to pre¬ 
vent recurrence of intussusception. Serosa-to-serosa adht- 
sio n s a re fo r m ed by sut u rin g t oget he r adj acen t loop s o i in¬ 
testine. The small intestine from the duodenocoltc liganierr 
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FIG 21-92 

Create a serosal patch by suturing adjacent intestinal loops together with simple continuous 
or interrupted sutures. Suture the patch over the defect or suture line. 


id 




1~ 




trauma. Approximating suture patterns facilitate rapid 
healing. Everting and inverting suture patterns retard in 
testinal healing and may result in greater stricture forma¬ 
tion. Healing is facilitated by adjacent serosal surfaces and 
omentum, which help seal wounds and contribute to the 
blood supply. The intestine generally heals rapidly but 
healing can be delayed by local and systemic factors. Sys¬ 
temic factors such as hypovolemia, shock, hypoprotdne- 
mia, debilitation, and concurrent infections may delay 
healing and increase the risk of incisional breakdown. Ten- 

the repair caused by accumulated ingesta, fluid, 
mobilization of the bowel increases the risk of 

intestinal suture breakdown. 

The three overlapping phases of healing are the lag 
phase, the proliferative phase, and the maturation phase 
The lag phase occurs during days 0 to 4 and is associated 


o the ileocolic junction should be sutured to decrease the 
potential for intestinal strangulation, 

Plate small intestinal loops side by side to form o series of 
gentle loops from the distal duodenum to the distal ileum. Se- 
cure file loops by placing sutures that engage the submucosa 
myWaris, and serosa 6 to 10 cm apart (Fig, 21-93). Use 
j-G or 4-0 monofilament, absorbable or nonabsorbable su 

lures with a swaged-on taper point needle. Avoid positioning 

foe intestinal loops of acufe angles f or intestinal obstruction 
may occur. Entering foe lumen wifo pexy sutures may 

asflse foe risk of leakage and abdominal contamination. 
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HEALING OF THE SMALL INTESTINE 
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Optimal intestinal healing depends on a good blood sup 
ply, accurate mucosa] apposition, and minimal surgical 
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suction. Although most absorbable suture materials can be 
used, 3-0 or 4-0 monofilament polydioxanone, polygly- 
conate, or poliglecaprone 25 is preferred. Long-lasting 

monofilament, absorbable suture (polydioxanone, polygly- 

no nab sorb able suture (nylon, 


■ 


W. 


f\ 


M i 


I 


con ate, poliglecaprone 25) 
polvbu tester, or polypropylene) should be selected for pa¬ 
tients with low albumin levels. Patching techniques should 
also be considered in these patients to reinforce and facilitate 
healing of the surgical site. As an alternative, sur 
pling equipment can be used for some procedures (i,e 

transverse stapling instrument, end-to-end anastomosis sta¬ 
pler, linear stapler, ligate-and-divide instrument, and dun 
stapler). Other instruments useful for diagnosis of digestive 
disorders are Westcott biopsy needles and Bard Riopty-Cut 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative care must be individualized to each patient 
and its problems. The animal should be monitored closely 
lor vomiting during recovery. Analgesics (i.e., oxymorphone, 

butorphanol, or buprenorphine 
provided as needed (see p, 284) . Hydration should be main¬ 
tained with intravenous fluids, and electrolyte and acid-baa 
abnormalities should be monitored and corrected. Snul 


IV, 


ne 


; see Table 21-4) should be 


FIG 21-93 

Intraoperative photograph showing the appearance of 
intestinal loops after intestinal plication. 


c< 


Sh 


amounts of water may be offered 8 to 12 hours after surgery. 
If no vomiting occurs, small amounts of food maybe offered 
12 to 24 hours after surgery. Animals should be ted a bland, 
low-fat food (e.g., i/d [Hill's Pet Products] or boiled rice, p> 

and pasta combined with boiled, skinless chicken, yc- 


ste 


po 


Hv 


with inflammation and edema of the healing intestine. A 
fibrin seal forms during the first few hours. Although the 
fibrin dot contributes to wound strength, during this 
phase most of the wound strength is attributed to sutures. 
During the lag phase macrophages are important in 
wound debridement and the production of growth factors 
that modulate fibroplasia and angiogenesis (transforming 
growth factor-[3, platelet-derived growth factor, epidermal 
growth factor, cytokines). Healing is functionally weakest 
at the end of the lag phase because of fibrinolysis and col¬ 
lagen deposition, therefore dehiscence most commonly 

3 to 5 days after intestinal surgery. Everted intes- 


1 ev 


tatoes 

gm t, or low-fat cottage cheese) three or four times daily The 
normal diet should be reintroduced gradually beginning 48 
to 72 hours after surgery. Debilitated patients may require 
enteral or parenteral nutrition. Antibiotics should be discon¬ 
tinued within 2 to 6 hours of surgery unless peritonitis b 
present. Early ambulation and feeding should be encouraged 

to minimize ileus. 
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the 


sev- 


After intestinal surgery, clinical signs (e.g., depression 

excessive abdominal tenderness, vomit ire 


h igh fever, 

and/or ileus) and response to abdominal palpation should 
be monitored for evidence of leakage and subsequent peri- 

abscess formation. If peritonitis is suspected, a 


imr 


o cc u rs 

final anastomoses have reduced tensile and bursting 


tonitis or 

abdominocentesis, chemistry profile, and complete blood 
cell count (CBC) should be performed. Abdominal fluid 
should be submitted for culture and sensitivity testing.and 

cefazolin, cefmetazole, cefoxitin, or n 


strength during the lag phase and therefore have a greater 
tendency to leak. The proliferative phase occurs between 
days 3 and 14, Fibrous repair occurs, accompanied by a 
rapid gain in wound strength. The strength of the repair 
approximates that of normal intestine 10 to 17 days al¬ 
ter surgery The maturation phase occurs between 10 and 
180 days. Collagen is reorganized and remodeled during 

this phase. 


sign 

tort 


en tc 

rhea 


antibiotics (e 
rofloxacin and 
should be initiated. Continuation of antibiotics 


-5 


ampicillin; Table 21-46) and fluid therapy 


begi 


based on the results of culture and susceptibility testing 
The abdomen should be explored if toxic neutrophils wri 
engulled bacteria or intestinal debris is present. Aggressive 

of generalized peritonitis by open peritonei 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


be u 
d i a r I 


treatment 

drainage may be necessary (see p. 272). The small interim 

dehiscence rate approaches 7% to 
those patients dying (Allen, Smeak, Schertel, 1992; hyi 

Hosgood, 1994). 


Instruments recommended to facilitate intestinal surgery in¬ 
clude self-retaining abdominal retractors, malleable retrac¬ 
tors, Doyen noncrushing lorceps, Babcock forceps, Metzen- 
baum scissors, No. II scalpel blade 
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TABLE 21-47 


TABLE 21-46 


Common Errors in Treating Animals 
with Small Intestinal Disorders 


Antibiotic Therapy for Treatment of Postoperative 
Peritonitis 


• Failure to diagnose and treat the condition before is¬ 
chemia and necrosis occur 

• Failure to prevent abdominal contamination 

• Failure to prevent intestinal leakage 

• Failure to maintain hydration and nutritional homeostasis 


Cefoxolin (Ancef, Kefzol] 

20 mg/kg IV, fid 

Cefmetazole (Zef ozone) 


15 mg/kg IV, tid-qid 


Cefoxitin (Mefoxin) 

15*30 mg/kg IV, qid 


Enroftoxacin (Baytril) 


- 

L 


TABLE 21-48 


10-15 mg/kg IV, sid 


Ampicillin 


Treatment of Short Rowel Syndrome 


IV, IM, SC, tid to qid 


22 mg/kg 


Loperamide (Imodium) 


Dogs: 0.1 -0,2 
Cats: 0.08-0,16 mg/kg PO, bid 


t 


IV Intravenous; bid, twice a day; tM, intramuscular; SC, subcuta¬ 
neous.; tid, three times a day; q/d, four times a day. 


y 


Cimetidine (Tagamet) 


-> 


5-10 mg/kg PO, IV, SC, tid to qid 


■e 


i- 


Ranitidine (Zantac) 


COMPLICATIONS 




2 mg/kg PO, IV, IM or SC, bid 


Shock, leakage, ileus, dehiscence, perforation, peritonitis, 
stenosis, short bowel syndrome, recurrence, and death are 
possible complications of intestinal surgery (Table 21-47), 
rivnoalbuminemic dogs have the same complication rate af¬ 
ter intestinal surgery as dogs with normal plasma albumin 
levels. Clinically significant strictures are rare unless invert¬ 
or excessive tension 


ill 


Famotidine (Pepcid) 

0,5 mg/kg PO, sid to bid 


y 




d, 


o- 


PO f Oral; bid, twice a day; f/d, three times a day; tV f intravenous; 
SC f subcutaneous; qid, four times, a day; IM, intramuscular; sid, 
once a 


Q- 


he 


mg or everting suture patterns are 
exists at the resection site. Short bowel syndrome may occur 
if large segments of intestine are resected (i.e*, more than 
70% to 80%), Weight loss, diarrhea, and malnutrition are 
the predominant clinical signs* Treatment is based on the 
severity of clinical signs and must be pianned individually 
and modified as needed. The goal of treatment is to provide 
nutritional support until intestinal adaptation occurs (1 to 2 
months) and diarrhea is controlled* Growth tactors given 
immediately after resection of large segments of intestine 
may facilitate intestinal adaptation and minimize clinical 
signs (Johnson et aU 2000). Acute signs should be treated by 
correcting hydration and electrolyte imbalances, providing 
adequate nutrition (an enteral elemental diet or total par- 
enteral nutrition may be necessary), and controlling diar¬ 
rhea. A highly digestible diet (e.g 
nets]) should be fed several times daily when oral feeding 
begins. Daily vitamin-mineral supplements should be given* 
Opiate antidiarrheals (e.g*, loperamide; Table 21-48) and 
Hantagonists (cimetidine, ranitidine, or famotidine) may 
be useful in reducing gastric hypersecretion, which causes 
diarrhea and damages the duodenal mucosa. Intestinal bac¬ 
terial overgrowth should be controlled with antibiotics such 
as tetracycline. Surgical attempts to control short bowel syn¬ 
drome should be made only when medical and dietary ther¬ 
apy hi,'. The prognosis depends on the extent ant! site of re- 


48 


ire 


ui- 


section, the degree of intestinal adaptation, the preoperative 
condition, and the postoperative care. Preservation of the 
Ileocolic valve helps prevent bacterial overgrowth and pro¬ 
longs intestinal transit time. The remaining intestine should 

be allowed 1 to 2 months to adapt* 
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rig, 
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SPECIAL AGE CONSIDERATIONS 


eri- 


Young animals more frequently have gastrointestinal para¬ 
sitic infestations or garbage- or foreign body-induced gas¬ 
troenteritis and intussusceptions. Young 
become hypothermic and hypoglycemic during surgery and 
require special care. Healing may be delayed in old animals 
because of concurrent problems. 


an 


animals can quickly 
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and 


i/d or k/d [H ill's Pet Prod- 


e n - 


-apy 


References 


:mg. 

with 

ssive 

meal 

tinal 
% of 

ATie, 


A11 en DA, Smeak D D, Sc h e rtcl E R: Pre val ence o f sm all i n le s t ina 1 
dehiscence and associated clinical factors: a retrospective study 

of 121 dogs, / Am Anim Hasp Assoc 28:70, 1992. 

Dawson DL et al: Use of skin staplers in experimental gastrointesti¬ 
nal injuries, / Trauma 32:204, 1992* 

DeNobile }, Guzzetta P, Patterson K: Pulse oximetry as a 
assessing bowel viability, / Surg Res 48:21, 1990. 











384 PARI III 


Soft Tissue Surgery 




esophagus and stomach may become lodged in the smaller 
diameter intestine. Common intestinal foreign bodies in¬ 
clude bones, balls, toys, rocks, corncobs, cloth, metal objects 
(e*g,, fishhooks, needles), peach pits, acorns, pecans, and lin¬ 
ear objects (be., string, thread, fabric, pantyhose,plastic.cas¬ 
sette tape or ribbon). Some foreign bodies continue to move 
slowly through the intestine, whereas others become lodged 
in an intestinal segment, where they cause complete or par 
tiai obstruction* 

Partial or incomplete obstruction allows limited passage 
of fluid or gas, whereas complete obstruction does not allow 
fluid or gas to advance past the obstruction (Fig* 21-94). The 
clinical course and signs are more severe in animals with 
complete intraluminal obstruction, particularly a “higher 
obstruction, than in those with a partial obstruction. With 
complete intraluminal obstruction, the intestine oral to the 
lesion distends with gas and fluid. Fluid accumulation is 
caused both by retention of fluid in the intestinal lumen and 
by secretion of fluid by intestinal glands. During obstruc¬ 
tion, secretion increases and absorption diminishes (secre¬ 
tions normally are reabsorbed in the lower jejunum and 
ileum). Gas accumulating in the intestine proximal to the 
obstruction consists of swallowed air and gas formed in the 
lumen by fermentation* Intraluminal pressure proximal to 
the obstruction gradually increases because of the accumu¬ 
lation of fluid and gas. Lymphatic and capillary stasis occurs 
when intraluminal pressures reach 30 mm Fig (normal is* 
to 4 mm Hg with peristaltic pressures of 15 to 25 mmHgl: 
venous drainage is prevented when pressures reach 5D mm 
Hg. The arterial supply is not affected, and hydrostatic pres¬ 
sure increases at the capillary bed, producing a net shift of 
fluid into the interstitium and causing intestinal wall edema. 
Eventually fluid shifts not only into the lumen but also from 
the serosa into the peritoneal cavity. Circulation in the mu¬ 
cosa and submucosa is impaired, oxygen consumption de¬ 
clines, arteriovenous shunting occurs, and the mucosa be 
comes ischemic* Full thickness wall necrosis may occur at 
the obstruction site. Small intestinal stasis leads to luminal 
bacterial overgrowth* If the normal mucosal barrier is im¬ 
paired by distention and ischemia, permeability may in¬ 
crease, with bacterial migration and absorption ot toxins 
into the systemic circulation or peritoneal cavity or both. 

More proximal and complete obstructions cause more 
acute and severe signs, with increased likelihood of dehydra¬ 
tion, electrolyte imbalance, and shock* Proximal or high ob¬ 
structions (U\> duodenum or proximal jejunum) cause per¬ 
sistent vomiting, loss of gastric secretions, electrolyte I 
imbalances, and dehydration. 1 he major cause of mortality 
from upper small intestinal obstruction is severe, rapid hy¬ 
povolemia, Untreated dogs with high, complete obstructions 
usually die within 3 to 4 days. Distal or low obstructions (\.u 
distal jejunum, ileum, or ileocecal junction) cause varying 
degrees of metabolic acidosis. Clinical signs of distal and in 
complete obstructions may be insidious, with vague, inter¬ 
mittent anorexia, lethargy, and occasional vomiting span¬ 
ning several days or weeks. These animals usually lose weigh! 
but may live for more than 3 weeks if water is available, 
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INTESTINAL FOREIGN BODIES 
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DEFINITION 


tet 


Intestinal foreign bodies are ingested objects that may cause 
complete or partial intraluminal obstruction. 
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SYNONYM 
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Foreign objec 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 
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The oropharyngeal opening is larger than any other orifice 
in the gastrointestinal tract. Foreign bodies that traverse the 
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FIG 21-94 

Pathophysiologic events associated 


ith mechanical obstruction of the intestinal lumen. 
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DIAGNOSIS 

Clinical Presentation 

Signalmenh There is no breed or gender predisposi¬ 
tion; however, cats more commonly ingest linear foreign 
bodies than do dogs. Most dogs and cats with linear foreign 
bodies are under 4 years of age (for dogs, the mean age is 4.5 
years and the median age is 2 years; 

2.7 years and the median age is 1 year). Other types of for¬ 
eign bodies are more commonly found in 
young animals seem more prone to foreign body ingestion. 

History. The presentation and clinical signs depend on 
the location, completeness, and duration of the obstruction 
and the vascular integrity of the involved segment. Acute 
set of vomiting, anorexia, and depression are the most com¬ 
mon presenting complaints. Diarrhea and abdominal pain 

are sometimes 

I ow i n g th e object. 

Physical Examination Findings 

The physical examination may reveal abdominal distention, 
diarrhea, abdominal pain, abnormal posture, or shock, or all 
of these. Animals with high obstructions may be severely de¬ 
hydrated; those with low obstructions may 
of severe weight loss. Abdominal palpation may identify an 
abnormal intestinal mass with gas- and fluid-filled loops of 
intestine proximal to the mass. Linear foreign bodies may 
sometimes he visualized around the base oi the tongue. Ab¬ 
dominal pain is common if linear foreign bodies have caused 
bunching of the intestines. 

Radiography, Ultrasonography, 

and Endoscopy 

Radiography often reveals complete or near complete ob¬ 
struction and may allow identification of the cause. Ob¬ 
structed intestinal loops become distended with air, fluid, 

and/or ingesta (Figs, 21-96 and 21-97). “Stacking* of dis¬ 
tended intestines and sharp bends or 
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FIG 21*95 

intraoperative appearance of bunched intestines that resulted 
secondary to a towel ''string" foreign body. 
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Linear foreign bodies cause similar signs. A number oi 
objects, can assume a linear configuration, including string, 

stockings, cloth, sacks, ribbon, plastic, and cas¬ 
sette tapes. Part of the object lodges, usually at the base of the 
tongue or pylorus, and the remainder advances into the in¬ 
testine. As peristaltic waves attempt to advance the object, 
the intestine gathers around it, causing partial or complete 
obstruction (Fig. 21-95). Continued peristalsis may cause 
the object to become la lit, cut into the mucosa, and then lac¬ 
erate the mesenteric border of the intestine. Multiple perfo¬ 
rations may occur. Such perforation causing peritonitis is as¬ 
sociated with high mortality. 111 I 

foreign bodies have concurrent intussusceptions. 
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NOTE * Linear foreign bodies typically perforate at 
the mesenteric border of the small intestine. 
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PART in 


intestine suggest anatomic ileus, Linear foreign bodies cause 
the intestines to appear 

ail gas bubbles in the lumen and without gas-distended in¬ 
testinal loops (Fig. 21-98), Contrast studies may be necessary 
to differentiate anatomic from physiologic ileus. Contrast 
may delineate the foreign body, reveal luminal filling defects 
or demonstrate delayed transit time or displacement of intes¬ 
tinal loops. Ultrasonography may identify foreign objects 
with a hyperechoic margin with or without fluid accumula¬ 
tion. It also allows assessment of motility. Few intestinal for¬ 
eign bodies are identified endoscopically because the scope 
seldom can be advanced beyond the descending duodenum, 
However, linear foreign bodies lodged at the pylorus that pre- 

into the duodenum may be recognized, 
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vent scope passage 


FIG 21-96 

Lateral abdominal radiograph of a 3-yea 
Labrador retriever. Note the radiopaque foreign body in the 
proximal small imesnne. me mumpie, well-circumscribed,, 
soft tissue masses visible throughout the caudal abdomen are 
fetuses in the uterus. One-fourth of a tennis 
moved from the proximal duodenum. 


NOTE # Be sure to repeat radiographs of animals 
with gastrointestinal foreign bodies immediately be- 
fore surgery to ensure that the foreign body is sfi 

II intestine. Most foreign bod 
ies that enter the large intestine are eliminated in 
the Feces. 


r-old female 
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Laboratory Findings 


, and acid-base abnormalities often are 
identified on complete blood cell counts and biochemistry 
profiles, L e uko cyt os is with a left shift or degenerate 
leukopenia accompanied by septic abdominal effusion indi¬ 
cates intestinal ischemia or perforation with peritonitis. 


Fluid, electrolyte 




DIFFERENTIAL DIAGNOSIS 


The differential diagnosis includes all other causes of intec 

tinal obstruction: intussusception, intestinal volvulus or tor 

intestinal incarceration, adhesions, strictures, abscesses, 
granulomas, hematomas, neoplasia, or congenital malforma¬ 
tions, Another cause might be physiologic ileus that occur; 
secondary to inflammation (e.g., parvovirus or peritonitis) 


FIG 21-97 

Lateral abdominal radiograph of a dog with segmental ileus. 
Note the gas and fluid accumulation and the midabdominal, 
2.5-cm circular, radiopaque foreign body (arrows), A 
hazelnut was removed from the jejunum. 


MEDICAL MANAGEMENT 


Same foreign bodies pass through the intestine without re¬ 
quiring therapy. Foreign body advancement may be moni¬ 
tored radiographically unless vomiting is severe 

evidence of peritonitis is seen (Le 


debilitation 


abdominal 


occurs, or 

pain, fever, neutrophilia; see also p. 268), Radiographs should 
always be repeated before surgery, even if l a ken the previous 
evening, because the foreign body may have moved into Lae 
colon or passed in the feces. i 
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SURGICAL TREATMENT 


to radiograph edv 


In cases of partial obstruction, failure 

demonstrate foreign body 

8-hour period or Mure to pass the object within 


te 


movement within the infest.:. 




over an 

approximately 36 hours indicates the need for surgery 
Surgery should not be delayed to observe for passage of the 
object through the intestinal tract if abdominal pain 
vo m iti ng, or lethargy is ap parcnt. M ost foreign bodies m 
be removed by enterotomy rather than resection and 
tomosis unless intestinal necrosis or perforation is present 
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FIG 21*98 

Lateral abdominal radiograph of a 6-montlnDld cat that had 


mr 


A-1 


of the small 


been vomiting for 2 days. Note bunching 
intestine. A string foreign body was surgically removed. 
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catheter, then completely advance the catheter into the distal 
intestine. Close the enterotomy site and milk the catheter and 


If a linear object has been present a long time, it may be¬ 
come embedded in the mucosa* requiring intestinal resec¬ 
tion- Multiple enterotomies (two to four) often are neces¬ 
sary to remove linear foreign bodies. Iatrogenic laceration 
of the mesenteric border may occur if excessive tension 
causes the object to saw through the wall before or during 
extraction. 


foreign body through the intestinal trad and out through th 


e 


This technique reduces the number of enterotomies 
and may thereby reduce the risk of leakage and dehiscence. 


anus. 


t 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


:s 


PreoperaKve Management 

Fluid, electrolyte, and acid-base deficits should be cor¬ 
rected before surgery if possible. Prophylactic antibiotics 
should be administered according to the recommendations 


Instruments for enterotomy or intestinal resection and anas 
tomosis are discussed on p. 382, Polydioxanone, 
caprone 25, and polyglyeonate (3-0 or 4-0) are the preferred 
suture materials for these procedures; however, nonab¬ 
sorbable suture (nylon or polypropylene) sometimes is used 
in hypoalbummemic animals. 
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poligle 


r“ _ 
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I on p, 371, 

* 
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Anesthesia 

Anesthetic recommendations for animals undergoing intes- 
dual surgery are provided on 
avoided in animals with obstructions to prevent further gas 
accumulation in the intestinal tract. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


s 


p. 370. Nitrous oxide should be 




Postoperative treatment includes further correction of fluid, 
electrolyte, and acid-base deficits. Analgesics should be given 
as needed to control pain (see Table 21-4), Antibiotics should 
be continued if peritonitis was diagnosed or if gross abdom¬ 
inal contamination occurred. If no vomiting has occurred, 
water can be offered 8 to 12 hours after surgery, and food can 
be given 12 to 24 hours after surgery. These patients should 
be monitored for signs of leakage and peritonitis (see p. 267). 


11 
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Surgical Anatomy 

The surgical anatomy of the small intestine is described on 

p, 371, 

Positioning 

The patient should be positioned in dorsal recumbency for a 
ventral midline celiotomy. The surgically prepared area 
should extend from the mid thorax to the perineum, 
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COMPLICATIONS 


Early diagnosis of intestinal foreign bodies and good surgi¬ 
cal technique are necessary to prevent complications (e.g., 
intestinal necrosis, perforation, leakage, dehiscence, peri¬ 
tonitis, endotoxic shock, and stenosis). The risk of peritoni¬ 
tis and death is much higher if free gas is present on preop¬ 
erative radiographs. Resecting large segments of intestine 
may result in a patient with short bowel syndrome (see p, 383) 
and a guarded prognosis. 


SURGICAL TECHNIOUE 


Mote on incision fo rough foe tinea alba that is sufficient to 
allow corrtp/e te exp bra tion o f the a fa domen , Exp tore th e en - 
fe abdomen and gasfroj’ntesfnia/ fracf to avoid overlooking 
concorrenf abnormal/f/es or multiple foreign bodies . Once 
ie foreign body has been /oca ted f isolate this loop of intes- 
iine from foe remainder of the abdominal cavity with la¬ 
parotomy pads or sterile towels. Complete obstructions may 
cause ffae bowel te be severely distended and appear cyan¬ 
otic; however, reserve determination of i ntesfinal viability un¬ 
til the bowel b as bee n decamp res s ed and the foreig n body 
has been removed fay enterotomy Bathe the intestine in 
mm saline for a few minutes to help improve its color and 
per idols Is. Normally die appearance 
proves ropid/y a faer decompression. if the intestinal segme nt 
is determined te be viable, close foe enterotomy with simple 
interrupted or continuous sutures as described on p. 373 . 
feed non viable or questionable intestine and reestablish 
bowel continuliy by end-to-end anastomosis (see p. 375). 
After removing foe foreign body carefully examine . 

. tetrrte for evidence o f perforation that m i 
tion of the involved segment or segments. 


Lntes- 
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mitis). 


PROGNOSIS 


The prognosis is good if peritonitis and extensive resections 
are avoided, The prognosis without surgery is guarded, be¬ 
am mals may die from hypovolemic or endotoxic 
shock, septicemia, peritonitis, or starvation. 
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INTESINAL NEOPLASIA 


lucrative adenocarcinomas are lobulated, expanding intralu¬ 
minal masses. Mucosal ulceration may cause melena and 
iron deficiency anemia. The tumors spread to adjacent 
serosa] surfaces, mesentery, omentum, and regional lymph 
n o d es by local i nvas ion a n d m ay met as t a si ze dist ally to the 
lungs and liver. 

Lymphosarcomas (lymphomas) are neoplastic prolifera¬ 
tions of lymphocytes. In cats they may be caused by feline 
leukemia virus (FeLV) or feline immunodeficiency virus 
(F1V), but most are caused by unknown mechanisms. In 

r 

dogs the etiology is unknown. Affected animals may have 
multicentric disease. Lymphomas have two intestinal types, 
diffuse and nodular. Diffuse infiltration of the lamina pm- 

pria and submueosa with neoplastic lymphocytes causes 
malabsorption and occasional deep ulceration. Nodular 
lymphoma is an expanding intestinal mass that causes ob¬ 
struction, most often in the ileocecocollc area. Involvement 


DEFINITION 


Intestinal neoplasia is a condition in which tumors arise 
from one of the layers of the intestinal wall, its glands, or as¬ 
sociated cells or lymphatics. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Intestinal tumors most often occur in the canine rectum and 
colon and the feline small intestine. Most intestinal tumors 
are malignant. Intestinal tumors may cause intramural or 
intraluminal mechanical obstruction. They most commonly 
invade the muscular layer of the intestinal wall, where they 
compromise the lumen diameter and reduce d is ten si bility. 
The proximal bowel distends with fluid and gas, and its 
function is compromised as with foreign body obstruction. 
At the time of diagnosis the disease usually is advanced, and 
most malignant tumors have metastasized. Malignant tu¬ 
mors spread by local invasion (e.g., serosa, mesentery, omen¬ 
tum, local lymph nodes) and distant metastasis (i.e., lungs, 
liver, and spleen). The most common small intestinal malig¬ 
nancies are adenocarcinomas (Fig, 21-99} and lymphosarco¬ 
mas. Other small intestinal neoplasms are leiomyomas, 
leiomyosarcomas, fibrosarcomas, mast cell tumors, he man- 
giosarcomas, anaplastic sarcomas, carcinoids, plasmacy¬ 
tomas, neurolemmomas, adenomas, and adenomatous 


of regional lymph nodes and other organs is common. 

Adenomatous polyps are found in the feline duodenum 
and canine rectum. Recurrence after complete resection is 
not expected. Intestinal leiomyosarcomas are malignant 
smooth muscle tumors of older dogs that most commonly 
occur in the cecum and je junum. Neoplastic spread is by Jo- 

metastasis is slow. Survival of approxi- 


cai invasion, 

mately 12 months is expected after resection of a localized 
lesion. 


f 


DIAGNOSIS 

Clinical Presentation 

SignaJment* Adenocarcinomas are more common in 
dogs than in cats. In dogs, adenocarcinomas are the most 
common intestinal tumor, and leiomyosarcomas are !• 
most common sarcoma. Boxers, collies, and German shep¬ 
herds maybe predisposed to intestinal tumors. In cats,lym¬ 
phosarcomas are most common, followed by adenocarcino¬ 
mas and mast cell tumors. Siamese cats maybe predisposed 
to small intestinal adenocarcinomas. Intestinal turnon 
generally occur in older animals. Carcinomas are seen at 
a mean age of 9 years in dogs and 10 years in call, 
Leiomyosarcomas occur at a mean age of II years in do* 
Lymphosarcomas occur in dogs and cats at a mean aged 
10.6 years. The mean age for cats with intestinal mast cell I 
tumors is 13 years. 1 

History. Patients initially have vague clinical signs of de¬ 
pression, anorexia, and lethargy, which may progress to dir ■ 
rhea or vomiti n g or both. Weight 1 oss is progres-sive. Other I 
clinical signs may include dehydration, melena, hematouf- I 
sis, anemia, fever, icterus, and/or abdominal effusion, fe 
of intestinal obstruction, abscessation, and malabsorption 

may also occur. Lymphatic obstruction may cause steawr* I 

rhea from lymphangiectasia. Signs involving other orpr. 
may develop secondary to metastasis. ■ 

Physical Examination Findings I 

The animal m ay be i n poor body condition. Abdominal pi ■ 
pation may reveal a firm abdominal mass, thickened i o 
tinal loops, or mesenteric lymph adenopathy, fl 


c 


c 


U 


Adenocarcinomas are locally invasive and slow growing. 
In dogs they most commonly arise in the duodenum and 

jejun uin and ileum. These tu - 
have three morphologic forms: (I) infiltrative adeno¬ 
carcinomas cause a thickened stenotic area that obstructs the 
intestinal lumen: (2) ulcerative adenocarcinomas have a 
deep indurated mucosal ulcer with raised edges; and (3) pro- 
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FiG 21.99 

Intraoperative photograph of an adenocarcinoma that was 
partly obstructing the jejunum of a 1 5-yeor-old cat. 
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Chapter 21 Surgery of the Digestive System 


Radiography, Ultrasonography, 
and Endoscopy 

If neoplasia is suspected, radiographs should he taken oi the 
thorax and abdomen. Masses, abnormal gas and fluid pat¬ 
terns, visceral displacement, and abdominal fluid may be 

plain films. Contrast radiographs are helpful for de¬ 
lineating regions of mucosal irregularity, luminal narrowing, 
and intramural infiltration, thickening, or nodularity. Ab¬ 
dominal ultrasonography often delineates the mass and may 
facilitate percutaneous biopsy Intestinal tumors produce a 
broad spectrum of ultrasonic patterns. Ultrasonographic 
findings may include intestinal wall thickening and loss ot 
discrete wall layers, but the intestine may also appear nor- 
mal. Ileus, fluid accumulation, and lymphadenopathy may 
be recognized. Mucosal irregularity, inflammation, ulcera¬ 
tion, and a narrowed lumen may be identified during en¬ 
doscopy, or the intestine may appear normal. Mucosal biop¬ 
sies can be diagnostic if the tumor involves the mucosa. 


antibiotics should be given according to the recommenda¬ 
tions on p. 371. Debilitated animals or those that are likely to 
remain anorectic or have continued vomiting should have 
enteral feeding tubes placed at the time of surgery (see p. 85), 

Anesthesia 

General anesthetic recommendations for animals undergo¬ 
ing intestinal surgery arc provided on p. 370. Many tumor pa¬ 
tients are debilitated, therefore balanced anesthesia using in¬ 
jectable agents (i.e., opioids) and isoflurane is recommended. 
Nitrous oxide should be avoided if ileus is a factor. 


seen on 


Surgical Anatomy 

gieal anatomy of the small intestine is presented on 


:s 


P- 


ir 




Positioning 

Patients should be positioned in dorsal recumbency for a 
ventral midline celiotomy. The entire abdomen and caudal 
thorax should be clipped and prepared for aseptic surgery. 


nt 


m 


NOTE ■ Ultrasonography is preferable to contrast 
radiography in affected animals. 


is 


mt 


SURGICAL TECHNIQUE 


nly 


Make an incision through the lineo alba from the xiphoid 

complete exploration of the ab- 


lo- 


Laboratory Findings 

Hematologic and biochemical profiles often are normal. 
Laboratory evaluation may reveal blood loss anemia, neu¬ 
trophilic leukocytosis with left shift, hypoatbuminemia, or 
elevated scrum hepatic enzyme concentrations. A definitive 
diagnosis of intestinal neoplasia can only be made on histo¬ 
logic examination of tissue. 


process to the pubis to allow 
domen. Explore the entire abdomen and gastrointestinal 

tract to ovoid overlooking concurrent abnormalities . Biopsy 
mesenteric lymph nodes and other organs as needed before 
incising intestine. Resect the mass with 4- to S*cm margins of 
grossly normal tissue and perform on end-to-end anasfomo- 

375). Pay special attention to surgical technique , 

because these patients often 
for histopathologic evaluation and tumor staging. 


m- 


zed 


sis (see p. 
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cats. 


debilitated . Submit tissues 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosis includes all other causes of intes¬ 
tine lobstruction (i.e,, foreign bodies, intussusception, intes- 
i volvulus or torsion, adhesions, strictures, abscesses, 
granulomas, hematomas, or congenital malformation). An- 

other cause might be physiologic ileus that occurs secondary 

to inflammation (parvovirus or peritonitis). 


SUTURE MATERIALS AND SPECIAL 
INSTRUMENTS 


Instruments for enterotomy or intestinal resection and anas¬ 
tomosis are discussed on p. 382, Polydioxanone, poligle- 
caprone 25, and polyglyconate (3-0 or 4-0) are the preferred 
suture materials for these procedures; however, nonab¬ 
sorbable suture (nylon, polypropylene, or polybutester) may 
be used in hypoalbuminemie animals. 


MEDICAL MANAGEMENT 


dogs, 

age ot 


Lymphosarcoma may respond to chemotherapy. {Refer to an 
oncology text for additional information and chemothera¬ 
peutic protocols.) The response of other tumor types to 
chemotherapy is unknown or poor. Radiation therapy is 
primarily for tumors in the distal hall of the rectum 
and anal canal. 


ist cell 


POSTOPERATIVE CARE 
AND ASSESSMENT 


; ot de- 


Postoperative care should be individualized according to 
the patients status and concurrent diseases. Fluid support 
should be maintained until the animal is drinking enough 
to maintain hydration. Electrolyte and acid-base deficits 
should be corrected. Analgesics should he provided as nec¬ 
essary (see Table 21-4). If peritonitis, abdominal contami¬ 
nation, or severe debilitation occurs, therapeutic antibiotics 
should be given. Nutritional support should be provided 
by enterostomy tube if vomiting or anorexia persists (see 
p. 85), Adjuvant chemotherapy has been recommended for 
some malignant intestinal tumors, but its efficacy is un¬ 
proven (see section on Medical Management above) except 
for lymphoma. 


. Other 
lateme- 

ii. Signs 

,orption 

stcator- 

r organs 


SURGICAL TREATMENT 


Surgical resection is the treatment of choice for intestinal tu¬ 
mors; however, many tumors are too advanced to allow 
complete resection by the time they are diagnosed. If metas¬ 
tasis has occurred, surgical resection may be palliative. 


Preoperative Management 

Fluid, eleiir flyte, and add-base deficits should be corrected 
' ' surgery if possible. Transfusions should be considered 
if the packed cel! volume (PCV) is below 20%. Prophylactic 


final pal¬ 


led lutes- 
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Soft Tissue Surgery 


COMPLICATIONS 


Reference 


Leakage, dehiscence, and peritonitis are possible complica¬ 
tions and may occur more frequently in debilitated patients. 
Stenosis after surgical resection or tumor recurrence may 
cause recurrent signs of obstruction. Short bowel syndrome 
(see p. 383) is a possible complication if large portions of the 






Crawshaw I et ah Prognosis for dogs with nonlymphomatous,small 

tumors treated by surgical excision, J Am Anim Hasp 


► 


Suggested reading 

Groaten AM et al: Ultrasonographic appearance of feline alimen¬ 
tary lymphoma, Vet Radiol Ultrasound 35:468,1994. 
MacDonald fM, Mullen HS, Moroflf SD: Adenomatous polyps of 
the duodenum in cats; 18 cases (1985-1990}, J Am Vet Med Am 


bowel are resected. 


I'Ln 


PROGNOSIS 


1 he prognosis is excellent when benign tumors 
completely excised. The prognosis is good tor patients with 
localized intestinal adenocarcinoma if complete resection 
is possible. The median survival time is 10 months; the 
1-year survival rate is 40.5%, and the 2-year survival rate is 
33% lor dogs with an adenocarcinoma or a leiomyosarcoma 
(Crawshaw et ah, 1998). Cats with an intestinal adenocarci- 

mav live longer than 2 years after surgery. The prog¬ 
nosis for solitary nodular lymphoma is better than for dif¬ 
fuse lymphoma, which carries a poor prognosis. A guarded 
to poor prognosis should be given if non resectable tumors 
are present, because other modes of therapy are ineffective, 
of questionable value, or not advised because of severe side 
effects. An exception is lymphosarcoma, 
well to chemotherapy. 
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INTUSSUSCEPTION 






noma 


DEFINITIONS 


Intussusception is the telescoping or invagination of one in¬ 
testinal segment {intussusception} into the lumen of an ad¬ 
jacent segment (intussuscipiens} (Fig. 21-100, A), 


SYNONYMS 
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FIG 21-100 

A, Configuration of an intussusception: neck, Intussusceptum, apex, Intussusdpi_ 

B, To reduce an intussusception, place traction on the neck as you milk the apex out of the 

intussuscipiens 


lens. 
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C h a p 1 er 2 J S 11 rgery of the D tges ti \ e Sys tens 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


denly become worse. Chronic cases can have less marked 
clinical signs. Patients with chronic intussusception often 
have intractable, intermittent diarrhea, and hypoalbumine- 
mia* Other clinical signs include depression and emaciation. 


Gastrointestinal tract intussusceptions may occur anywhere; 
however, ileocolic and jejune jejunal intussusceptions are 
most common. Intussusceptions often are associated with 
enteritis (i.t\, parasitism, viral or bacterial infection, dietary 
indiscretion or change, foreign bodies, masses) or systemic 
illness; however, the cause of most intussusceptions is un¬ 
known. They have also been reported after environmental 
change and surgery. Intussusceptions after surgery may be 
associated with ileus, adhesions, or anastomotic malfunc¬ 
tion, Intestinal irritation that results in hypermotility may 
cause one intestinal loop to invaginate into another. : he di¬ 
rection of the intussusception can be from proximal to dis¬ 
tal or v ice versa, The i nt uss u sceptum i s mo re co m m o n I y a 
proximal intestinal segment and the intussuscipiens a more 
distal segment (i*e,, the intussusception occurs in the direc¬ 
tion of normal peristalsis)* Intussusceptions can occur at 
no re than one site and are sometimes double (two invagi¬ 
nations at same site)* Reverse peristalsis may increase the 
length of intestine involved in the intussusception. The 
amount of available mesentery limits the extent of intestinal 
involvement and ihe degree of vascular compromise. 

Initially, invagination causes partial intestinal obstruc¬ 
tion, which may progress to complete obstruction. Vessels 
attached to the intussusceptum collapse because of increased 
intraluminal pressure or kinking, and those vessels may 
ihe. The wall becomes edematous, ischemic, and turgid. 
Blood extravasates into the lumen, and the serosa fissures, 
fibrin seals the layers of th e i n testi n e to gel her a n d may h e Ip 
localize peritonitis as wall necrosis occurs* Eventually intes¬ 
tinal devitalization occurs, with subsequent contamination 
'! the abdominal cavity* Intussusceptions may occur as ago- 
ml events (i.e., are incidental findings and not the cause of 
death). Agonal intussusceptions are easily reduced and are 
associated with minimal inflammation; intestinal walls 
not edematous, and fibrin does not seal the layers of intes 
t m together. 


NOTE * Consider chronic intussusception os a pos¬ 
sible reason why a puppy with an apparently acute 
episode of enteritis (e.g., parvovirus) has persistent 

diarrhea* 


f 


c 


Physical Examination Findings 

A presumptive diagnosis of intussusception can be made 
when an elongated, thickened intestinal loop (sausage- 
shaped mass) is palpated. Jejunojejunal intussusceptions are 
easier to palpate than ileocolic intussusceptions because they 
are usually more caudal and ventral in the abdomen. Some 
intussusceptions slide in and out of the colon and can be 
missed during palpation* Others may protrude from the 
rectum and can be mistaken for a rectal prolapse (see big. 
21-127 on p. 442). To distinguish rectal prolapse from pro¬ 
truding intussusception, the area around the protruding tis¬ 
sue should be palpated; the existence of a fornix indicates 
rectal prolapse rather than intussusception. 


l- 


i- 


Radiography, Ultrasonography, 

and Endoscopy 


Radiographic signs of intestinal obstruction maybe seen* In¬ 
cause partial obstruction may be missed 


t u s sus ce p ti on s 

on plain radiographs if little gas has accumulated* Jejuno¬ 
jejunal intussusception more often results in an obstructive 


pattern than does ileocolic intussusception. A tubular soft 
tissue mass may be identified. If sufficient gas accumulates in 
the distal intestinal segment, the apex of the intussusception 
may be outlined* A barium enema or upper gastrointestinal 

localize the obstruction* A ribbon of contrast 


tract study can 


material may be seen in the intussusceptum aboral to a 
lated intestinal segment. Occasionally contrast material 
cumulates in the lumen between the intussusceptum and the 
intussuscipiens* 

Ultrasonography is useful for detecting intussusceptions. 
The ultrasonographic appearance of an intussusception in 
the transverse plane is that of a multilayered, targetlike lesion 
(concentric hyperechoic and hypoechoic rings) with associ¬ 
ated proximal fluid accumulation and diminished intestinal 
motility. Longitudinal scans demonstrate a layered appear¬ 
ance with alternating parallel hyperechoic and hypoechoic 
lines. Colonoscopy may identify invaginated intestine pro¬ 
truding into the colon in patients with ileocolic or cecocolic 


ac- 


DIAGNOSIS 

Clinical Presentation 

Signalment* Intussusceptions occur more commonly in 
dags* German shepherd dogs and Siamese cats may be more 
commonly affected than other breeds. Intussusceptions ap¬ 
pear to be more common in immature animals (younger 
than I year)* Parasitism or enteritis should be suspected as a 
cause for intussusception in young dogs, and intestinal 

thickening or masses should be suspected in adults. 

History, Most animals have been ill, have changed envi¬ 
ronments, or have had recent surgery before signs of intus- 
jusception begin. The severity and type of clinical signs de- 
pend on the location, completeness, vascular Integrity, and 
duration of the intestinal obstruction* Scant, bloody diar¬ 
rhea, vomiting, abdominal pain, and a palpable mass may 
occur with intussusceptions. Acute intussusceptions must be 
considered in puppies with parvoviral enteritis that sud- 


mtussusception* 


Laboratory Findings 

Abnormal laboratory findings may include dehydration, 
stress leukograms, anemia, and electrolyte and acid-base ab¬ 
normalities, Chronic intussusception may cause hypoaibu- 
minemia because of protein loss from congested mucosa. Fe¬ 
cal examination sometimes reveals parasitic infestation. 
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Soft Tissue Surgery 


DIFFERENTIAL DIAGNOSIS 


intestine. Manual reduction is successful only if fibrin has not 
formed firm serosal adhesions. Evaluate the reduced key 
tine for viability and perforation. Carefully palpate the lead 
ing edge of the intussuscept 
form 


The differential diagnoses include all other causes of intestinal 
obstruction (i.e., foreign bodies, intestinal volvulus or torsion, 
intestinal incarceration, adhesions, strictures, abscesses, 
ulomas, hematomas, tumors, or congenital malformations). 
Another cause might be physiologic ileus that occurs second¬ 
ary to inflammation (i.e., parvovirus or peritonitis). 


urn to detect mass lesiom. Pefi 
resection and anastomosis if manual reduction is 
impossible , tissue l 

been avulsed from a portion of the involved intestine. Submit 1 
biopsies ol the involved intestine to help identify the cause cl I 
the intussusception. H 


gran - 


devitalized, or mesenteric vessels Ims 


is 


MEDICAL MANAGEMENT 


Occasionally percutaneous manual reduction of the intus¬ 
susception is successful, and the intussusception does not 
cur. In rare cases i 

adhesions and sloughing the intussuscept urn, However, 
most intussusceptions require surgical reduction and ancil¬ 
lary procedures to prevent recurrence, 
should be aimed at correcting fluid and electrolyte imbal¬ 
ances and determining the underlying cause of the intussus- 

enteritis, parasitism). 


re- 


NOTE • Consider performing an enteroenteropexy 

on these patients fo help prevent fe 


intussusceptions self-correct by forming 


[see p. 380 ) 


currence. 


Medical therapy 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Instruments for enterotomy or intestinal resection and an aitu- 
mosis are discussed on p. 382. Polydioxanone, poligiecapriuie 
25, and polyglyconate (3-0 or 4-0) are the preferred sumr.- 
materials for these procedures; however, nonabsorbable si¬ 
tu re (nylon, polybutester, or polypropylene) may be usk 

in hypoalbum inemic animals. Chromic gut suture should ot 
avoided in 


SURGICAL TREATMENT 


Because recurrence is common, intussusceptions should be 

treated surgically even it they can be manually reduced. 
Biopsy ing the intestine at the time of surgical correction 
may help identify the cause of the intussusception. The tip of 
the intussusceptum should be evaluated for 


young animals and those that are debilitated be¬ 
cause the suture may be rapidly cataboiized and weakened. 


ma sses. 


Preoperative Management 


POSTOPERATIVE CARE 
AND ASSESSMENT 


I 


Hydration, electrolyte, and acid-base deficits should be 
rected before surgery if possible. Pediatric patients should 
not be fasted for longer than 4 to 8 hours to reduce the 
chances of hypoglycemia. Prophylactic antibiotics should be 
given according to the recommendations 


cor- 




Postoperative management should be individualized accord 
ing to the patient's status and concurrent disease! Hvfo- 

\ W 1 . - iHwMTyVlMH 

tion, electrolyte, and acid-base abnormalities should con 

to be corrected postopera tively until the animal 

s ic s s h o ul d be provided 

Chapter 12. Thera¬ 
peutic antibiotics are appropriate if peritonitis, abdomtM 
contamination, or severe debilitation 


d 


on p, 371. 


G 


1 1 n u e 


resumes adequate oral intake. Analgesi 
according to the recommendations ii 


A 


Anesthesia 




General anesthetic recommendations for 


a n i m a 1 s unde rgo - 


by 


ing intestinal surgery are provided on p. 370. Nitrous oxide 


is present. Nutritioml 
support via an enterostomy tube (see p. 85 ) may benecovo 

patient is debilitated or vomiting or remains anorectiL 


ter 


should not be used if ileus is present. Care must be taken to 
prevent hypothermia, especially in pediatric patients. Blood 
glucose concentrations should be monitored during and af¬ 
ter surgery in young patients. 


i e v 


tio 




oth 


PROGNOSIS 


Bar 


I he patients prognosis depends on the cause, location, cod 
pleteness, and duration of the intussusception Animakvtf I 
intestinal intussusceptions may die within 3 or 4 days or m 1 

live for several weeks. Those that die acutely usually br 
high obstructions or enterotoxemia; death is due to hyp I 
olemia and electrolyte and acid-base imbalances. Arku I 
with an i n t us s u s cep tion may live fo r sc veral weeks if :ne op 
struction is partial or distal, the vasculature is functiua 

adequate fluid intake is maintained. In rare eases a I 
animal self-cures if the neck of the intussusception scab,11 
firm adhesion forms to the intussuscipiens, and the too- I 
susceptum sloughs, reestablishing luminal patency, lit I 
prognosis with surgery is good if recurrence is pn o: 
and extensive resections are avoided. Without encerc- I 


Surgical Anatomy 

The surgical anatomy of the small intestine is presented on 
p. 371. 

Positioning 

Animals should he positioned 

ventral midline celiotomy The entire abdomen and caudal 
thorax should be clipped and prepared for aseptic surgery. 
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SURGICAL TECHNIQUE 


Explore the abdomen f collect specimens , and isolate the ir 
volved intestine with laparotomy pads. Reduce intussuscep¬ 
tions manually if possible by gently applying traction on the 
neck of the intussusceptum while milking its apex (leading 
edgej out of the intussuscipiens (see Fig, 2d00, Bj. Avoid 
excessive traction , becouse this may tear the compromised 


m- 




enteropexy, recurrence is expected in 20% to 30% ofata! 

animals (Oakes et af, 1994). Leakage, dehiscence,peritonitj 
and death are 


p os s i bl e co m p I i ca t io ns, w h i ch occ ur mor < fe 
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teric lymph nodes, Pythium spp, may invade traumatized 
tissue (devitalized, necrotic, or ulcerated), but the motile 
spores may also penetrate intact mucosa. Fungal hyphae 
invade the intestinal wall, causing infarction, necrosis, and 
a granulomatous tissue reaction. The intestinal wall thick¬ 
ens, and signs of partial intestinal obstruction or malab¬ 
sorption occur. Invasion by extension occurs along blood 
vessels, nerves, lymphatics, and fascial planes to other areas 
and organs. Invasion into blood vessels causes thrombosis 
and visceral infarction* 


quently in debilitated patients. Stenosis and short bowel 
syndrome may occur if large segments of the bowel are re¬ 
moved ( s ee p. 383). 

Reference 


Oakes MG et al: Ente replication for the prevention of recurrent in¬ 
tussusceptions in dogs) / Am Vet Med A?soc 205:72, 1994, 


Suggested reading 


,\basiyanik A et al: Laparoscopic-assisted pneumatic reduction of 
intussusception, / Pediatr Surg 32:1147,1997. 

Belli tiger CR, Beck JA: Intussusception in 12 cats, / Small Anim 
Prarf 35:295, 1994. 


DIAGNOSIS 

Clinical Presentation 

Signal merit. Pythiosis most commonly occurs in large- 
breed male dogs living in the southern Gulf states but has 
been reported in the Midwestern states. The disease is rare in 
cats hut may cause ulcerative gastroenteritis. Young dogs (1 
to 3 year sofa ge) a re mos t fre q u e n tl y a ffec ted. 

Htstory. Diarrhea and weight loss are the most common 
complaints. Clinical signs include diarrhea, vomiting, 

, or progressive weight loss, or all of 
these. Intestinal ulceration and necrosis may cause bloody 


Lamb CR, Mantis P: Ultrasonographic features of intestinal intus¬ 
susception in 1 0 dogs, / Small Anim Pract 39:43 7, 1998, 

cats: a review 


Levitt L, Bauer MS: Intussusception in dogs < 
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Watson DE, Mahaffey MB, Neuwirth LA: Ultrasonographic detec- 
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INFECTIOUS AND INFLAMMATORY 
CONDITIONS 


be 


be- 


Physical Examination Findings 

Affected animals frequently are thin. An abdominal mass or 
marked regional intestinal thickening may be detected on 
abdominal palpation or rectal examination. 


DEFINITION 


Enteritis is inflammation of the intestine. Organisms or syn¬ 
dromes that cause chronic enteritis may cause obstruction, 
durrhea, or vomiting, or all of these. 


>rd- 

dra- 

;oii- 
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Radiography, Ultrasonography, 

and Endoscopy 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


An abdominal mass, thickened intestine, or signs of partial 
obstruction (or all three) may be visualized on plain radi¬ 
ographs; however, severe weight loss and loss ol abdominal 
fat may cause poor abdominal contrast. Contrast radiogra¬ 
phy may delineate thickened, stenotic areas, intestinal thick¬ 
ening and abnormal wall layering are common findings on 
ultrasonography. Ultrasonography or fluoroscopy may show 
a lack of motility in the involved segment. A narrowed, 
nondistensible gastric or intestinal lumen with or without 
ulceration may be visualized on endoscopy. Rigid endo- 

more likely to be diagnostic than flexible 


Lymphocytic-plasmatic enteritis, eosinophilic gastroen- 
'.erocolitis, granulomatous enteritis, intestinal lymphang¬ 
iectasia, intestinal bacterial overgrowth, and fungal infec- 
tions such as His to plasma capsu latum, Pythium spp., and 
other saprophytes are possible causes of infectious and in¬ 
flammatory conditions of the intestines. Biopsy of the in¬ 
to line maybe required to diagnose and differentiate them 
ire m noninflammatory diseases (i.e., hyperthyroidism, gi- 
iiiiask lymphosarcoma, adenocarcinoma, exocrine pan- 

intestinal disorders, and 
feline infectious peritonitis with gastrointestinal involve- 
ment). A regionally common inflammatory lesion of the 
intestine that requires surgery for diagnosis and treatment 
is pythiosis {phy co my cos is). Pythium spp. are ubiquitous, 
being found in water, soil, vegetable matter, and feces. 
h’hwim organisms are aquatic organisms to which ani¬ 
mals in contact with swamp water are commonly exposed. 
High water temperatures may enhance the growth of 
PyfJrmm organisms and asexual reproduction (motile, hi- 
^dialed zoospores), predisposing animals to infection 
during the summer and fall months. Pythium lesions are 
slow growing and commonly involve the stomach, small 
wd large intestine, rectum, mesentery, skin, and mesen- 


n i n al 


:ssary 

ectic. 


corn- 


sies are 


scopic 

endoscopic mucosal biopsies because the latter typically 
samples mucosa but not the fibrous submucosa, where hy¬ 
phae are found. 
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Laboratory Findings 

A complete blood cell count may reveal mild to moderate 
nonregenerative anemia and mild neutrophilia with or with- 

left shift Definitive diagnosis depends on identifica¬ 
tion of broad-branching, nonseptate or sparsely septate hy¬ 
phae in tissues (Fig. 21-101). Hyphae are most easily found 
in necrotic granulomas of the submucosa and muscularis. 
Biopsies of enlarged mesenteric lymph nodes generally re¬ 
veal granulomatous inflammation. The intestinal lesion 
should be cultured to identify the fungal organism more 

specifically 
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FIG 21-102 


Multiple small, firm masses causing partial intestinal 
obstruction associated with pythiosis i 


in a 


FIG 21-101 

Photomicrograph of Pythium hyphae that are broad- 
branching, nonsepta te, or sparsely septate. 


or multicentric. and the mesenteric lymph nodes generally ore 
enlarged. Intestinal lesions 
with mural thickening (Fig. 21-102). Biopsy lymph nodes and 
any other abnormal tissues. Resect the entire intestinal lesion 
with 4 to 8 cm of grossly normal intestine surrounding it he- 
couse fungal hyphae have been found to extend several Icsrr 
ft meters into normal-appearing tissue. Reappose inteskind 
ends with an end-to-end anastomosis (see p, 375). 


are firm , granulomatous ma 


DIFFERENTIAL DIAGNOSIS 


Pythiosis must be differentiated from other causes of partial 
intestinal obstruction, especially intussusception. Other dif¬ 
ferential diagnoses include neoplasia, other fungal lesions, 

perineum, pythiosis may cause 


enteritis. In 


r 


lesions similar to perianal fistulae. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 




MEDICAL MANAGEMENT 


Antifungal agents have not proved consistently efficacious, 
therefore radical surgical excision is required for possible 
cure. However, the extensive nature of many of the lesions 
limits complete resection. 


I nstrument s fa r entero to m y or intestinal res ect i o n and ana v 
tomosis are discussed on p. 382. Polydioxanone, poligle* 
caprone 25, and polyglyconate ( 3-0 or 4-0) are the preferred 
suture materials for these procedures. Nonabsorbable suture 
(he., nylon, polybutester, or polypropylene) generallyshouiti 

infected sites. Chromic gut suture should be 
avoided when infection is present and in young animals and 
those that are debilitated. m 


SURGICAL TREATMENT 


Preoperative Management 

Fluid, electrolyte, and add-base abnormalities should be 
corrected before surgery. Prophylactic antibiotics should be 
given based on the recommendations provided on p. 371. 






POSTOPERATIVE CARE 
AND ASSESSMENT 




Anesthesia 

General anesthetic recommendations are provided on p. 370. 
Because most affected animals are debilitated, balanced anes¬ 
thesia using injectable agents (i.e., opioids) and isoflurane is 
recommended. Nitrous oxide should be avoided if ileus is 
present. 

Surgical Anatomy 

The surgical anatomy of the small intestine is discussed on 


, electrolyte, and acid-base abnormalities should be I 
monitored and corrected after surgery Analgesics should be I 
provided as needed (see Table 21-4). Therapeuticantibiodcs I 
should be given if the animal has evidence of peri torn tis, if I 
abdominal contamination occurs during surgery, or if seven I 

debilitation is present Nutritional support via an enteral I 

feeding lube or parentera 1 hyperalimentation maybeneces- I 
sary postoperatively if the patient is debilitated or urdikdyto J 
eat (see Chapter 11)* Adjuvant antifungal therapy (e.g.,lira- I 
conazole) has been recommended, but its efficacy is uncer* j 

tain. Vaccines made I rom fu ngal cultures have been usd& I 

adjuvant therapy in horses. Leakage, dehiscence, peritonitis) I 
stenosis, and short bowel syndrome are possible compho- [ 
tions of surgery Signs of pythiosis may recur if tissue mar- I 
gins are not free of fungal hyphae, 




Positioning 

The animal should be positioned in dorsal recumbency for 
exploratory celiotomy The ventral abdomen and caudal 
thorax should be clipped and prepared for aseptic surgery. 


i 


t 


SURGICAL TECHNIQUE 


PROGNOSIS 


s 


Expose the abdomen from the xiphoid process to the pub 
Explore the abdomen; the intestinal lesion 


The prognosis with complete resection is fair to good. Sflif 
dogs have recurrence, and others are clinically normal vidi. 


a 


be extensive 


may 
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nous return and arterial perfusion. The arteries and veins 
may thrombose. Edema and congestion of the intestinal 
wall lead to anoxia. Blood is lost into both the intestinal lu¬ 
men and the abdominal cavity. Motility is disrupted, and 
the normal bacterial flora proliferates rapidly (especially 
aerobic coliforms and anaerobic species) both proximal to 
and within the strangulated intestine. Small intestinal bac¬ 
terial concentrations that normally range from ICE to 
107nil of liquid secretion may increase to 10* to 10'Vmi 

within 6 hours of strangulation. Endotoxins, primarily from 
Escherichia coli, and exotoxins from Clostridium spp. are 
produced. These toxins and bacteria escape into the ab¬ 
domen through the damaged mucosal barrier and are ab¬ 
sorbed into the systemic circulation. Death from strangula¬ 
tion obstruction usually is the result of a combination of 
hypovolemic shock, sepsis, and products of tissue necrosis. 
Reperfusion injury caused by oxygen-derived free radicals 
after derotation and tissue reoxygenation may be severe and 
may contribute to mortality, 

DIAGNOSIS 

Clinical Presentation 

Signal me n t. M a le, inediu m - to -1 a rge, s p o rti ng o r wo r k - 
ing breeds have most commonly been diagnosed with intes¬ 
tinal volvulus and torsion, German shepherds (with pancre¬ 
atic insufficiency) and English pointers appear to be 
predisposed to the condition. Young adult dogs (2 to 3 years 
of age ) are most commonly affected. 

History* Vigorous activity, dietary indiscretion, or 
trauma often precedes volvulus. Other factors that might be 
associated with intestinal volvulus include recent gastroin¬ 
testinal surgery, enteritis, parasitism, foreign bodies, ob¬ 
structive masses, exocrine pancreatic insufficiency, and con¬ 
current gastric dilatation-volvulus. Some animals have been 
ill for several days and then suddenly deteriorate. Others 
progress from appearing normal to near death in less than 6 
hours. Clinical signs range from per acute to acute and are 
co mmon 1 y assodated with partial obstruction and ischemia. 
Signs inclu de acut e pa in, shock (tachycard i a, pa1 e to injected 
mu cous mem b ra n es, p ro I on ged cap il la ry reh 11, we a k p u Ises), 
and mild abdominal enlargement. There is an acute onset of 
nausea, retching, vomiting, hematochezia, depression, weak¬ 
ness, or recumbency, or all of these. 

Physical Examination Findings 

Affected animals usually are in shock with an acute ab¬ 
domen. Pain and dilated loops of intestine may be detected 
by abdominal palpation. Occasionally abdominal fluid is 
found, the amount varying with the duration ot clinical 
signs. 


out adjuvant therapy. The prognosis is guarded if the disease 
is advanced and mesenteric vessels have thrombosed or ad¬ 
jacent structures have been invaded. The prognosis for non¬ 
resec table lesions is poor to guarded because current anti¬ 
fungal drugs are of questionable efficacy. 

Suggested reading 


Dennis fS n Kruger JM, Mullancy TP: Lymphoeytic-piasmacytic gas¬ 
troenteritis in cats: 14 cases (1985-1990), / Am Vet Med Assoc 


200:1712,1992. 


Fischer JR et al: Gastrointestinal pythiosis in Missouri dogs: 11 
cases, / Vet Diagti Invest 6:380, 1994. 
lergens AH et al: Idiopathic inflammatory bowel disease in dogs and 
cm: 84 cases 11987-1990 }J Am Vet Med Assoc 201:1603, 1992. 


INTESTINAL VOLVULUS AND TORSION 


e 


5 


d 


DEFINITIONS 


n 


Intestinal volvulus is twisting of the intestine that causes 
obstruction. Intestinal torsion is twisting of the intestines 
about the root of the mesentery. The terms torsion and 
volvulus often are used interchangeably. 


i * 


at 


SYNONYMS 


Mesf 1 1tenc torsiot i, nicsenteric volvu1 1 is 


is- 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


le- 


ed 


are 


Intestinal volvulus and torsion is uncommon in small ani¬ 
mals because they have short mesenteric attachments. When 
it does occur, the jejunum is most commonly involved, In¬ 
testinal volvulus causes both mechanical and strangulation 
obstruction, a medical and surgical emergency (Fig. 21-103), 
Areas of the intestines that are not fixed in location by at¬ 
tachments to parietal peritoneum or adjacent viscera are 
suspended by mesentery, which provides greater freedom of 
movement Movement and physiologic twisting or turning 
of suspended intestine occurs during physical activity and 
normal peristalsis. Twisting occurs around the mesenteric 
axis, or root. If mesenteric attachments fail to prevent exces¬ 
sive ro tat i on, va sc u 1 ar com pro mise, tissu e ische m ia, an d 1 u - 
mind obstruction occur. Rotation may exceed 360 degrees 
in either a clockwise or counterclockwise direction. Predis¬ 
posing factors in human beings include an absence of 
mesenteric fat, a narrow mesenteric root, excessive mesen¬ 
teric length, and an increased bowel length. 

Tw i sting comp ram is es the c ranial m es en te r ic a rte r y a n d 

all its branches, result ing in impediment o f b 1 o o d flo w t o 

the distal duodenum, jejunum, ileum, cecum, ascending 
colon, transverse colon, and proximal descending colon. Af- 
at mesenteric twisting the rapid cascade of vascular ob¬ 
struction, intestinal anoxia, circulatory shock, en do toxemia, 
and cardiovascular failure results in death if the condition is 
nut corrected immediately. Mesenteric twisting reduces 


aid 


be 


md 


i be 
d be 

Mies 

is, if 
were 
te r a \ 


dy to 

itra- 

neer- 


ed as 


milis, 

plica- 
ma r - 


Radiography and Ultrasonography 

Plain radiographs often are diagnostic, with the entire intes¬ 
tinal tract uniformly distended with gas. Intestinal fluid, free 
abdominal fluid, and generalized loss of serosal detail are ex¬ 
pected, Definitive diagnosis of intestinal volvulus and tor¬ 
sion is 


I with- 


a d e a t s u rge ry or nee ro p sy. 


ve- 
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FIG 21-103 

Pathophysiologic events associated with strangulating intestinal obstructions. 
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Laboratory Findings 

Common laboratory findings are a 
ume (PCV), leukocytosis, hypoprotrinemia, hy po al b limine- 
mia, and hypokalemia* Serosanguineous fluid may be col¬ 
lected on a b do m ino cen te sis* 

(increased red blood cells and protein) 
platelets indicates an acute vascular insult. 


include gastric dilatation-volvulus, cecocok | 
volvulus, splenic torsion and rupture, physiologic ileus 
ehanical obstruction, abdominal trauma, and peritonitis. I 
Systemic illnesses may include hemorrhagic gastroenteritis, 
viral enteritis, and pancreatitis. I 


s! 


normal packed cell vol- 


me- 


L s 




ct 


1C 


A modified transudate 

with an absence of 


oi 


P< 


MEDICAL MANAGEMENT 


bt 


Shock therapy (fluids and antibiotics, with or without corti¬ 
costeroids; see below) is essential but not curative. Immedi¬ 
ate diagnosis and surgery 
survive. 


tn 


DIFFERENTIAL DIAGNOSIS 


m 


Any systemic or mechanical cause of acute abdomen should 
be included in the differential diagnosis. Surgical differential 


are necessary if the patient is i. 


er 


loi 
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sion should be treated with crystalloids. Dobutamine (2 to 10 

|xy/kg/minute given intravenously) or dopamine (2 to 10 

be administered 


TABLE 21-49 


A 


jj,g/kg/minute given intravenously) may 
during surgery tor inotropic support. Dobutamine is less ar- 
rhythmogen l c and chronotropic than dopamine and is pie- 

ferred if the patient is hypotensive and anuric, If the patient 
is anuric and normoten si ve, low-dose dopamine (0.? to L.5 

intravenously) plus furosemide (0.2 


Selected Anesthetic Protocols for Use in Dogs 
with Intestinal Volvulus and Torsion 


Induction 


Oxvmorphone [0.1 mg/kg given intravenously [IV]) plus 
diazepam (0.2 mg/kg iV). Give in incremental doses. 
Intubate if possible. If necessary, give etomidate (0.5- 
1.5 mg/kg IV). As an alternative, give thiopental or 
propofol ot reduced dosage 

Maintenance 

Isoflu rone or sevoflurane 


p,g/kg/minute given 
mg/kg given intravenously) maybe preferable. These patients 

should be monitored for arrhythmias or tachycardia. An elec¬ 
trocardiogram, a pulse oximeter, and direct and indirect 
blood pressure measurements should be monitored through¬ 
out surgery. Nitrous oxide is contraindicated. 


Surgical Anatomy 

The surgical anatomy of the small intestine is provided on 
p. 37i, The cranial mesenteric artery branches to form the 
caudal pancreaticoduodenal jejunal, ileocolic, right colic, 

and middle colic arteries. 

Positioning 

The patient should be positioned in dorsal recumbency for a 
ventral midline celiotomy. The caudal thorax and entire ab¬ 
domen should be prepared for aseptic surgery. 


fPI TABLE 21-50 


Colloid Administration (Hetastarch, Dextrans) 


Total daily dose: 20 ml /kg/day 
Surgical dose: 7-10 ml/kg 


SURGICAL TREATMENT 


SURGICAL TECHNIQUE 


Preoperative Management 

Initial treatment consists of aggressive shock therapy and 
correction of electrolyte and acid-base abnormalities. Shock 
doses of fluids (i.e„ 90 ml/kg/hour) should be administered 
rapidly; however, if possible the central venous pressure 
should be monitored to avoid volume overload. As an alter- 

hetastarch may be given (see 


Qo/dWy explore the abdomen to confirm the diagnosis and 
determine the direction of twisting. The intestine will appear 
dilated [ edematous ,, end discolored , with the serosal sur¬ 
faces ranging from red to black . Decompress the intestine if 

to allow derofofion and reposition the intestines, 

while the ah- 


necessary 

Allow the intestine to reperfuse and stabili 
domen is more thoroughly explored. Evaluate intestinal via¬ 
bility and resect devitalized tissue , Thoroughly lavage the 
abdomen with warm physiologic saline or o balanced elec~ 
trolyte solution . Perform open peritoneal drainage (see 
272} if intestinal necrosis and peritonitis are identified . 


native, hypertonic saline or 
p, 21), Broad-spectrum antibiotic therapy and possibly a 

nonsteroidal antiinflammatory drug should be adminis¬ 
tered, Blood transfusions may be warranted if massive blood 
loss has occurred. Drugs that block formation ot or that 

free radicals (e.g.» supcroxide dismutase, al- 


P- 


scave n ge oxygen 
lopurinol, dimethylsulfoxide, corticosteroids, gold 

pounds) may prove beneficial in the hiture. 


co m - 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Suction is useful for decompressing the intestine before 
derotation and repositioning. Suture material ior small in¬ 
testinal surgery is discussed on p, 382. 


Anesthesia 

These patients are extreme anesthetic risks. A balanced anes¬ 
thetic protocol should be used (e.g., opioids plus isoflurane). 
Selected anesthetic protocols for use in dogs with intestinal 
volvulus and torsion are provided in Table 21-49. They 
should be preoxygenated before surgery. Placing two venous 

catheters before surgery (i.e 
cephalic and a jugular catheter) is recommended to allow flu¬ 
ids. blood, pressors, or other agents to be given simultane¬ 
ously if needed. Hypotension should be corrected before and 
prevented during and after surgery. If the total protein level is 
below 4 g/dl or the albumin level below 1.5 g/dl, periopera¬ 
tive administration of colloids may be indicated, Colloids 
maybe given preoperatively, intraoperatively, and/or postop- 

tra lively for a total dose ot 20 ml/kg/day ( fable 21 '*50). It col- 
bids are given during surgery, acute intraoperative hvpoten- 


POSTOPERATIVE CARE 
AND ASSESSMENT 


ocolic 

s, me- 
onitis. 
teritis, 


Fluid, electrolyte, and acid-base abnormalities should con¬ 
tinue to be corrected after surgery. Ihese patients may ben¬ 
efit from nasal oxygen postoperatively, and they should be 
monitored for signs of continued abdominal discomfort. 
Analgesics should be used if necessary (see Table 21-4). Con¬ 
tinuation of perioperative antibiotics is reasonable, particu¬ 
larly if full thickness necrosis of the intestine was present. 
Nutritional support should be provided by parenteral hy¬ 
peralimentation if ihe animal is likely to be anorectic or to 

continue to vomit. 


two cephalic catheters or a 


t eorti- 
n medi¬ 
al is to 
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PROGNOSIS 


examination, endoscopy and biopsy, therapeutic trials, and 
culture testing. Except for patients with histoplasmosis, 
pythiosis, megacolon, or tumors, most patients with disease 
localized to the large bowel do not show significant weight 
loss. Affected patients may pass small amounts of feces, or 
they may be constipated. Tenesmus, dysehezia, fresh feeal 
blood, or fecal mucus, or all of these may be observed. Other 
clinical signs may include diarrhea, vomiting 
dominal enlargement, abdominal pain, fecaliths, abnormal 
fecal shape, rectal prolapse, depression, and/or poor hair 


Mortality approaches 100%. Vomiting, diarrhea, shock, intes- 
final necrosis, dehiscence, and peritonitis are common. Pa¬ 
tients that survive may develop short bowel syndrome after 
massive intestinal resection {see p. 383). Most animals that 
have survived were incidentally diagnosed during celiotomy 
for another problem, had rotation limited to 180 degrees, and 
were operated on within a few hours of occurrence. 




anorexia, ab* 


Suggested readin 


coat (see Table 21-41), 


Carberry CA, Flanders JA; Cecal-colic volvulus i 


in two dogs, Vet 

Hassinger KA: Intestinal entrapment and strangulation caused by 
rupture of the duodenocoiic ligament in four dogs, Sury 


The physical examination findings vary, depending on 
the disease and its location in the large bowel (see Table 
21-42). I he colon is palpable in the dorsocaudal abdomen. 
Feces often can be differentiated from masses (e.g., tumor) 
by applying gentle pressure. Normal feces deform; however, 
animals with constipation or obstipation have hard, dry fe- 
ees. Sublumbar lymph node enlargement sometimes can be 
detected by palpation of the caudal abdomen 

on rectal examination. Enlargement is suggestive of metasta- 
tic neoplasia. The shape and symmetry of the pelvis and any 


Surg 22:225, 1993. 


Nenwk JA, Walsh aw R, Hauptman JG: Mesenteric volvulus in the 
dog; a retrospective study, / Am Anim Hasp Assoc 29:357, 1993. 
Shealy PM, Henderson RA: Canine intestinal volvulus: a report of 
nine new cases, Vet Surg 21:15,1992. 


or occasio 


in the pelvic canal should be noted on recta) 


masses 

nation. Intraluminal masses 


Surgery of the Large 

Intestine 


thickening of the wall, and 
strictures often can be detected. The anus and anal sacs 
should be checked for thickening, enlargement, and pain. 
The feces should be examined for parasites. 

Laboratory data may reveal hydration, electrolyte, add 
base, or serum biochemical abnormalities (see Table 21-42). 
An cm ia a n d hypoal bu m i n cmia a re ra re in these patien ts. AT 
though nonspecific, elevation of the serum alkaline phos¬ 
phatase, creatinine phosphokinase, lactic dehydrogenase, 
and serum glutamic oxaloacetic transaminase may be 
in animals with intestinal ischemia. 


GENERAL PRINCIPLES 
AND TECHNIQUES 


4>i 


s 




- J .* 


seen 


DEFINITIONS 


Colopexy is surgical fixation of the colon. Colectomy is par 
tial or complete resection of the colon, and typhiectomy is 
resection of the cecum. Colostomy is surgical creation of an 
opening between the colon and the surface of the body. 
Tenesmus is straining to defecate, and dysehezia is pain or 
discomfort on defecation, Hematochezia is passage of stools 
that contain red blood, and melena is passage of tarry stools 
(i,e., digested blood). 


Plain colonic radiographs rarely contribute signifkafldv 

useful in animals with megacolon, WifMol(% 
food (24 hours) and evacuating the colon improve visualiza¬ 
tion. Luminal masses may be identified if the colon contains 
gas. Properly performed barium enemas may identify dilata¬ 
tions, constrictions, wall thickening, filling defects, infiltrative 
disease, extraluminal compression, intraluminal masses, in¬ 
tussusceptions, or cecal inversion. A coiled spring appearance 
when the colon is filled with air or barium indicates a possible 
cecal inversion or intussusception. Ultrasonography gives 
information about large bowel wall thickness, wall layers, wall 
symmetry, peristalsis, and echogenicity of intestinal content.s 
Biopsies may be obtained with ultrasound guidance. Com¬ 
puted tomography and magnetic resonance imaging are ben¬ 
eficial in some cases, but these diagnostic techniques often are 
unavailable. Colonoscopy is safe and more sensitive than radi¬ 


and are most 


PREOPERATIVE CONCERNS 


Surgery of the large intestine is indicated for lesions that 
cause obstruction, perforation, colonic inertia, 
inflammation. The most common causes of obstruction are 
tumors, intussusceptions, and granulomatous masses. For¬ 
eign bodies that reach the colon generally are expelled with 
the feces unless the distal colon or rectum is obstructed or 


the object has sharp points. 

Differentiation of large bowel disease from small intes¬ 
tinal disorders usually is based on the history and physical 
examination (see Table 21-41); however, with fungal, infec¬ 
tious, or 


ography for diagnosing masses, ulcers, infiltrates, and intus¬ 


susceptions. It allows for direct visualization of the luma, 
culture sampling and cytologic testing, and mucosal biopsy. 

If the patient is not rapidly deteriorating, hydration, acid- 
base, and electrolyte deficits should be corrected before in¬ 
duction of anesthesia. Cross-matched whole blood should 


neoplastic causes. 


radiographs, ultrasonography, 
endoscopy, or biopsy (or all of these) may be necessary. 
Differentiation of the various causes of large intestinal dis¬ 
orders is based on the history, a physical examination, a fecal 


be administered when the packed cell volume (PCV) drops 
below 20% to 22% as a result of acute hemorrhage. ChronT 
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cleanse the colon than enemas; the only contraindication to 
their use is obstruction* Bisacodyl, a stimulant laxative, may 
be administered to facilitate colonic evacuation. Although 
colonic electrolyte solutions work well alone, enemas facili¬ 
tate complete cleansing. A warm water enema should be 
given the day before surgery, and a 10% povidone - iodine en¬ 
ema should be given 3 hours before surgery. Enemas given 
any closer to surgery than 3 hours are contraindicated be¬ 
cause they liquefy intestinal contents and may add to dis¬ 
semination of contaminated material during surgery* 


tally ill, anemic patients should be given whole blood if hy¬ 
povolemic and packed red blood cells if normovolemic* 
Clotting factor deficiencies should be corrected with fresh 
whole blood (Table 21-31) or fresh or fresh-frozen plasma; 
platelet-rich plasma or platelet transfusions should be used 
if the animal 


id 


is, 


se 


ht 


or 


thrombocvtopen ic. Administration of 
plasma (3 to 20 ml /kg) o r who I e b 1 ood (20 m 1 /kg) should be 
considered if albumin levels are below 1.5 g/dl. There is 

some evidence that bio o d t ran sfusi o n s may i mp a ir intestinal 
healing and increase susceptibility To intraabdominal sepsis 


:a! 


er 


fa¬ 


tal 


nr 


(Tadros, Wobbes, Hendriks, 1992). 


more than 10 lf 7g 


The colon contains more bacteria (i.e 
of feces) than the rest of the gastrointestinal tract* Mechani¬ 
calemptying and cleansing are indicated to reduce bacterial 
numbers unless the colon is perforated or obstructed. Feed¬ 
ing an elemental diet that requires no digestion (e.g., glu¬ 
cose, amino acids) reduces colonic bacterial numbers to 
lOVgof feces* If possible an elemental diet or a low-residue 
diet of hamburger and white rice should be fed for 2 to 3 
days before surgery. Holding animals off food also reduces 
bacterial numbers in the colon. Food should be withheld 24 


NOT':: • Be careful; enemas can cause further de¬ 
terioration of debilitated, anorectic patients and in 
rare cases can cause colonic perforation* They may 
be ineffective in cats with megacolon. 


on 




m* 


nr) 


fe- 


ANESTHETIC CONSIDERATIONS 


be 


Anesthetic complications may arise because of uncorreeled 
ration, electrolyte, or acid-base abnormalities. Large 
masses or visceral displacement may impair circulation and 
respiration. Nitrous oxide increases the volume of air 
trapped in hollow viscera and should be avoided in patients 
with intestinal obstruction* Atropine or glyco pyrrol ate may 
prevent bradycardia induced by visceral manipulation. Wa¬ 
ter evaporates from exposed abdominal viscera at an in¬ 
creased rate, therefore fluid administration must be in¬ 
creased to replace this loss. Body heat is lost because ot 
vasodilation and visceral exposure, which cause hypother¬ 
mia, reducing the need for anesthesia. Patients should be 
kept dry to minimize the effects of hypothermia. Selected 
protocols for animals in stable condition undergoing large 
intestinal surgery are provided in Table 21-43* 


illy 


ta- 


iny 


hours before surgery, but free access to water should be al¬ 
lowed, Laxatives, cathartics, and warm water enemas should 
be given 24 hours before surgery. Colon electrolyte solutions 
(i.e., Colyte or GoLytely; Table 21-52) more effectively 


Til- 


ind 


ac s 


un. 


:id- 


12 ). 


Al- 


TABLE 21-51 


Blood Transfusions 


;een 


ml of Donor Blood Needed 

Recipient blood volume 


ntly 


X 


ANTIBIOTICS 


Desired PCV Actual patient PCV 

PCV of anticoagulated donor blood 


ling 


The risk of infection after colorectal surgery is high. Al¬ 
though controversial, the use of antibiotics with colorectal 
surgery reduces morbidity and mortality associated with in¬ 
fection. Systemic perioperative antibiotics effective against 
gram-negative aerobes and anaerobes should be given ( Table 
21-53). Recommended drugs include the second-generation 
cephalosporins (i.e., cefmetazole, cefoxitin, cefotetan), which 
are given at the time of induction. Third-generation 
cephalosporins effective against gram-positive and grain- 
negative aerobes and some anaerobes are available but ex¬ 
pensive. Gentamicin plus cefazolin can be given intra¬ 
venously at induction of anesthesia. Aminoglycosides (i.e., 
neomycin, kanamycin) and metronidazole can be given 
orally in combination beginning 24 hours before surgery. 
Metronidazole is absorbed from the gastrointestinal tract 
and is effective against anaerobes. Aminoglycosides are ef¬ 
fective only against aerobic bacteria. Gastrointestinal ab¬ 
sorption of aminoglycosides is minimal in normal patients 

but can be substantial if the bowel is eroded or inflamed. The 
use of such nonabsorbable antibiotics has been linked w ith 
the emergence of resistant infections. A combination of 
neomycin and erythromycin can be given beginning 24 


ains 
iata- 
itive 
, lo¬ 
an ce 
sihie 
gives 
wall 
ents. 


*Tolol blood volume is estimated at 90 mt/kg for dogs and 70 
ml/kg br cats, A rough estimate is that 2.2 ml of blood/kg of body 
weight will increase the recipient's PCV by 1%, 

Kty Packed cell volume. 




Bowel Preparation for Large Intestinal and Rectal Surgery 


ben- 
n are 

radi- 
ntus- 
men, 
opsy. 
acid- 
e in- 


Polyethylene Glycol Electrolyte Solution 
(Colyte or GoLytely) 

25-30 ml/kg.; PO via stomach tube approximately 24 

hours and 1 B to 20 hours before colonoscopy or sur- 


gery. 


Bisacodyl (Dukolax) 

Dogs: 5-20 mg PO, sld or bid 

Cnts: 2.5-5 mg PO, sid to bid 


drops 

roni- 


PO, Oral; sid, once a day; bid, fwice 


day. 
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TABLE 21-54 


TABLE 21-53 


Approximate Lengths of Colonic Segments 


Prophylactic Antibiotic Use in Animals Undergoing 
Perineal, Rectal, or Colonic Surgery 


Ascending Colon 

Dogs: 3-9 cm 
Cats: 1 -2 cm 


CefmeterzoJe (Zefazone) 

15 mg/kg IV; repeat every 1 V 2 to 2 hours for 2 or 3 

doses 

Cefoxitin (Mefoxin) 

15-30 mg/kg JV; repeat every 1 V 2 to 2 Hours for 2 or 3 
doses 


Transverse Colon 

Dogs: 6-8 cm 
Cats: 2-4 cm 


Descending Colon 

10-16 cm; varies with size of anima 




Cefotetan (Cef atari) 


IV; repeat every 8 hours for 24 hours 


m 


Gentamicin (GentocinJ 


6 mg/kg IV, sid 


Neomycin (Biosol) 


20 mg/kg PO, lid 


the ileum via the ileocolic orifice and with the cecum via 
the cecocolic orifice (approximately 1 cm caudal to the 
ileocolic orifice). The short ascending colon turns from 
right to left at the right colic flexure (hepatic flexure) and 
becomes the transverse colon, traveling cranial to the 
mesenteric root. The colon turns caudally at the left colic 
flexure (splenic flexure) and becomes the descending 
colon. The descending colon is the longest segment of 
colon (Table 21-54). It begins on the left, where it is dor¬ 
sal to the small intestine, and continues caudally to the 
pelvic inlet. The large bowel continues through the pelvic 
canal to the anus as the rectum. The colorectal junction is 
difficult to identify. Landmarks include the pubic brim, 
pelvic inlet, seventh lumbar vertebra, and the seromuscu¬ 
lar point of penetration of the cranial rectal artery. The 
mesocolon is the short mesenteric attachment of the colon 
to the body wall. The layers of the large intestinal wall arc 
the same as the layers of the small intestinal wall (mucosa, 
submucosa, muscular is, and serosa)* I 

The blood supply to the large bowel is from the ileo¬ 
colic artery, a branch of the cranial mesenteric artery, and 
the caudal mesenteric artery* These major branches ru: 
parallel to the intestine, giving off short vasa recta vessels, 
which penetrate the intestinal wall. Branches of the ileo¬ 
colic and left colic artery anastomose. The ileocolic artery 
supplies the ileum, cecum, and ascending and transverse 
colon. It gives rise to the middle colic and right coiic an 
teries* The right colic artery supplies the cecum, the as¬ 
cending colon, and part of the transverse colon. The mid¬ 
dle colic artery supplies part of the transverse colon anc 
half of the descending colon; it anastomoses with the left 
colic artery, which supplies the distal half of the descend¬ 
ing colon. The left colic and cranial rectal arteries origi¬ 
nate from the caudal mesenteric artery* The cranial rectal 
artery primarily supplies the cranial rectum but also sends 
several vasa recta to a short segment of the terminal colon 
The internal iliac artery supplies branches to the rectum 
via prostatic or vaginal artery branches, Venous draimp 


Kanamycin (Kan trim) 

1 1 mg/kg or IV, IM, or SC tid 


Metronidazole (Flagyl) 


1 0 mg/kg IV or PO, lid 


Erythromycin 


10-20 mg/kg PO, bid to lid 


Trimethoprim-Sulfadiazine (Tribrbsen) 


Dogs: 1 5 mg/kg IM or PO, bid 
Cats: 15 mg/kg PO, bid 


Amikacin (Amiglyde-V) 

20 mg/kg IV, sid 


Ampidllin (Omnipen, Principen, others) 


10-20 mg/kg IV, tid to qid 


IV, Intravenous; sid, once a day; PO, oral; fid, three limes □ day; 
bid, twice a day: IM, intramuscular. 


hours before surgery to rapidly reduce the number of aer¬ 
obes and anaerobes. Metronidazole combined with first- 
generation cephalosporins (cefazolin), aminoglycosides 
trimethoprim-sulfa is also useful. 


or 


SURGICAL ANATOMY 


T he cecum, ascending colon, transverse colon, descending 
colon, and rectum arc segments of the large bowel* The as¬ 
cending colon and cecum are located at the termination of 
the ileum. In dogs, the cecum is an S-shaped, blind pouch 
located to the right of the mesenteric root; in cats, it is a 
short, straight, blind pouch* The cecum is ventral to the 
right kidney, dorsal to the small intestine, and medial to 
the descending duodenum, A short antimesenteric vessel 
helps identify the ascending colon lying to the right of the 
mesenteric root. The ascending colon communicates with 
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penetration and formation of the staples into the B shape. 
Dilatation causes thinning of the visceral walls and may re¬ 
sult in tissues that are too thin for the staples to be effective. 
In such cases a suture anastomosis should be performed. 
Circular, inverting, end-to-end staplers often are used to 
anastomose the colon. It is easier to use end-to-end staplers 
in the colon than in other areas of the gastrointestinal tract 
because the instrument can be introduced through the anus 
rather than a separate enterotomy or gastrotomy incision. 
The colon of most adult animals can accommodate the size 
of available staplers, Transanal introduction of the stapler 
may no t b c p os siblemail cats an d small do gs beca use o f t h e 
small anus and narrow pelvic canal. 

Biopsy Techniques 

Intestinal biopsy is indicated to establish a diagnosis for in¬ 
testinal diseases that have not been diagnosed by other 
means. The large intestine may be biopsied during en¬ 
doscopy, ultrasonography, or laparotomy. The least invasive 
method of obtaining an intestinal biopsy is colonoscopy, 
which also allows collection of samples for culture and exfo¬ 
liative cytologic study, flexible endoscopic biopsies are lim¬ 
ited to infiltrative disease involving the mucosa and submu¬ 
cosa and to lesions located within the length of the 
endoscope; rigid proctoscopes allow biopsy of the muscular 

I ay er. 


M TABLE 21-55 


Principles of Large Intestinal Surgery 


* Reduce colonic bacterial numbers by eliminating ora 
intake, preparing the colon, and giving antibiotics, 

* Early diagnosis and good surgical technique 
most complications. 

■ Perform surgery as soon as the diagnosis is made in 
patients with perforation, strangulation 
struction. 

* Optimal healing requires a good blood su ppiy 
rate mucosal apposition, and minimal surgical trauma. 

* Systemic factors (e.g., hypovolemia, shock, hypopra- 
teinemia, debilitation, infection) may delay healing and 
increase the risk of dehiscence, 

* Use approximating suture patterns: simple interrupted, 
Gambee, crushing, or simple continuous. 

gage submucosa in all sutures. 

Select a monofilament, synthetic absorbable suture: 
polydioxanone, polyglyconate, or poligtecaprone 25, 


, or 


, accu- 


Err 


Cover surgical sites with omentum or a serosal patch. 


* Replace contaminated instruments and gloves before 
closing the abdomen, 


ta 


ie 


ii 


id 


le 




essentially mirrors arterial supply. The caudal mesenteric 
vein ts short and enters the portal vein. The vagus and 
pelvic nerves supply the colon with parasympathetic 
innervation. Sympathetic innervation is supplied from 
the paravertebral sympathetic trunk via the sympathetic 
ganglia. 




Colopexy 


>r- 


he 


Colopexy is performed to create permanent adhesions be¬ 
tween the serosal surfaces of the colon and the abdominal 
wall so as to prevent caudal movement of the colon and rec¬ 
tum (Fig. 21-104), Colopexy is used most often to prevent 
recurring rectal prolapse. Incisional and nonincisional tech¬ 
niques have been described and are equally effective, A pos¬ 
sible complication is infection resulting from suture pene¬ 
tration of the colonic lumen. 




SURGICAL TECHNIQUES 


;u- 


fhe surgical principles for large intestinal surgery are simi¬ 
lar to those for small intestinal surgery (Table 21-55). Bowel 
viability can be difficult to assess, but it is important that 
necrotic or avascular areas of the colon be removed at sur¬ 
gery and that unnecessary resection be avoided. Because of 
the short mesocolon, avulsion of the colonic blood supply is 
less common than avulsion of the mesenteric blood supply 
Techniques for assessing bowel viability are presented on 

p, 572, 

Resection and anastomosis may be performed using su¬ 
tures or staples. The four stapled anastomosis techniques are 
ibe (1) triangulating end-to-end anastomosis, (2) inverting 
end-to-end anastomosis, (3) side-to-side or functional end- 
lo-end anastomosis, and (4) end-to-side anastomosis, In- 


fbe abdomen . Locate the descending 
colon and isolate it from the remainder of the abdomen. Pull 
the descending colon crania/// to reduce the pro/apse. Ver¬ 
ify reduction of the prolapse by having a nonstenle assistant 
inspect the anus visually and perform a rectal examination. 
Make a 3- to 5-cm longitudinal incision along the anti me¬ 
senteric border of the distal descending colon through only 
the serosal and muscularis layers. Make a similar incision on 
the left abdominal wall several centimeters (2.5 cm or morej 
lateral to the linea alba through the peritoneum and under 
lying muscle , Appose each edge of the colonic and abdom¬ 
inal wall incisions with two simple continuous 

terrupted rows of sutures using 2-0 or 3-0 monofilament, 
absorbable suture (e.g., polydioxanone f polyglyconote, or 
poliglecaprone 25} or nonabsorbable suture (nylon, poly- 
butester, or polypropylene) (see Fig. 21-104). Engage the 
submucosa as each suture is placed. Lavage the surgical site 
and surround it with omentum before closing the abdomen , 
As an alternative , scarify an 8- to 10-cm anti mesenteric seg¬ 
ment of the descending colon by scraping the serosa with a 


Expose and 


explore 


eo- 


els, 


eo- 


lerv 

erse 


ar- 


as- 


nid- 

a n d 

left 

md- 

rigi- 

ectal 

ends 

Aon. 

rtum 

nage 


verting end-to-end anastomoses (see p. 378) are most com¬ 
monly performed during colonic anastomosis. Although 
mure expensive, stapled anastomoses show less tissue reac- 
tion, more mature fibrous connective tissue, greater tensile 
strength, fewer mucoceles and necrotic areas, and less lumi¬ 
nal stenosis than suture techniques. The staples in the 


or sfm 


e m- 


tridge are bent against the anvil into 


B shape when fired, 


providing a degree of hemostasis without collapsing the mi- 

• :i lUiitm, Thick, inflamed, and edematous tissues may 
prevent p roper firing of the stapler by preventing complete 
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Explore the entire abdomen through a ventral midline ce¬ 
liotomy. Collect nonintestinal specimens before entering the 
bowel lumen . Carefully isolate the diseased bowel with la¬ 
parotomy pods or sterile towels . Assess intestinal viability and 
determine the resection sites . Double ligate all the vasa redo 
vessel s to the disea sed seg m en t (Fig .21-105) but do not tig* 
ate the major colic vessels running parallel to the mesenteric 
border of th e ho we! unles s perform ing a sub toto I colectomy. 
Gently milk fecal material from the lumen of the isolated 
bowel. Occlude the lumen at both ends to minimize fecal con¬ 
tamination by having an assistant use a scissor!ike grip with 
the index and middle fingers positioned 4 to 6 cm from the 
diseased tissue on the colonic wall Noncrushing intestinal 

forceps (Doyen) or a Penrose drain tourniquet can also be 
used to occlude the intestinal lumen, Place another pair of hr- 1 
ceps (either crushing [Carmalt] or noncrushing [Doyen)} I 
across each end of the diseased bowel segment Transect I 

through healthy colon using a scalpel blade or Metzenbaum | 
scissors along the outside of the crushing forceps (see Eg. 

21-85 on p. 376). If the lumen sizes are about equal , mate 
the incision perpendicular to the long axis . When the lumen 

sizes are expected to be unequal, use an oblique inchion 1 
(45- to 60-degree angle) across the smaller intestinal seg- 1 

ment f Angle the incision such that the anti mesenteric border | 
is shorter than the mesenteric border Suction the intestinal 
ends and remove any debris clinging to the cut edges with a j 
moistened gauze sponge. Trim everting mucosa with Metzen- I 
bourn scissors just before beginning the anastomosis. 
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HO 21-104 

To pexy the colon to the abdominal wall, make a 3“ to 5-cm 
seromuscular incision along the antimesentenc border of the 

colon. Make a similar Incision 2 to 3 cm lateral to the linea 
alba through the peritoneum and the underlying muscle of 
the left abdominal wall Appose the edges of the 

seromuscular incision to the edges of the abdominal wall 
incision with two simple continuous suture lines. 




Sulured anastomoses. Reappose ■ intestinal ends 

two-layer suture closure or with staples . Use 
3-0 or 4-0 monofilament, absorbable suture (poly dm- ■ 

polyglyconate, poliglecaprone 25) or nonabsorbable, fl 








with 




a one- or 




a non e, 

suture (nylon, polypropylene, polybutester) with a toper or 
tapercut, swaged-on needle. Place simple interrupted sutures 

through oil layers of the waII and positbn knots extralumi- 

one-layer closure is used. Angle the needle \ 
such that slightly more serosa than mucosa is engaged witf? 
each bite to help prevent the mucosa from protruding be¬ 
tween sutures (see Fig , 21-84 on p. 375 J, Begin by placing 

one suture at the mesenteric border and one at the an6m& 


scalpel blade or rubbing it with a gauze sponge. On the left 
abdominal wall opposite the prepared colon f scarify the 
peri ton eum in the same mann en PrepI ace and th en tie s ix to 
eight horizontal mattress sutures between the two scarified 
surfaces. Roll the colon toward the mid line and place 
and row of six to eight sutures using 2-0 or 3-0 monofila¬ 
ment, absorbable or nonabsorbable suture. Engage the sub- 
mucosa with the sutures hut do not penetrate the colonic 
mucosa. 
























naliy when 
















sutures apposing the scarified surfaces. 


senferic border. If the intestinal ends are of equal diameter, 
space additional sutures between the first two sutures ap¬ 
proximately 2 mm from the edge and 2 to 3 mm opart, 
tly appose the tissue edges when tying knots to prevent 
strangulation and disruption of the blood supply if minor 
disparity still exists between the lumen si 
around the larger lumen s ligh tly fa rth e r opart than the stf 
tores in the intestinal segment with the smaller lumen (sea 

Fig . 2 / -88 on p. 378). i 


f* 










Colon Resection ond Anastomosis 

Colectomy, or colonic resection, and anastomosis are prima¬ 
rily performed to excise colonic masses or to treat mega- 
colon. Other surgical indications include trauma, perfora¬ 
tion, intussusception, and cecal inversion. The procedure is 
much the same as for small intestinal resection and anasto¬ 
mosis (see p, 375) with the exception of vascular ligation. 


* 








sizes, space suturei 
















Luminal disparity that cannot be accommodated by fhe 
angle of the incisions or suture spacing usually is correctable 
by resecting a small wedge (1 to 2 cm long, I to 3 mm wide 
from the anti mesenteric border of the intestine with the 
smaller lumen (see Fig, 21-89 on p, 378), This enlarges ih 
stomal perimeter and gives it an oval shape. 


NOTE * Up to 70% of the colon can be resected in 

animats without adverse side effects; during subtotal 

colectomy, 90% to 95% of the colon is resected. 

Warn owners that after this procedure, the cat prob¬ 
ably will defecate frequently and have soft stools. 
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FIG 21-105 , 

For a partial colectomy (dashed lines), double ligate the vasa recta vessels; preserve the 

major colonic vessels. Perform a subtotal colectomy, preserving the ileocolic junction by 
double ligating the paired arteries and veins (open red circles). Perform a subtotal 
colectomy and ileocolic anastomosis by double ligating the paired arteries and veins 
(shaded dark circlesf Transection sites are identified by the corresponding symbol. 

In dogs, do not ligate the cranio! rectal artery; ligate t 
the cranial rectal artery. 


or 


es 
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left colic and vasa recta 
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Tie- 




that the serosa and muscularis are apposed in a sepa- 


check for leakage by 


excep t 

rate layer. Ali sutures engage the submucosa. The hrst layer ot 

simple interrupted sutures is placed to appose 

and sub mucosa, and the knots are tied within the lumen. The 

the muscularis 


After completi ng rfie an as tom os is 
moderately drstenc/ing the lumen with so/ine and applying 

Look for leakage between sutures 


ap~ 


?cn- 


the mucosa 


i 


* 


or 


gentle dr_ 

tnraugfi suture holes. Place additional sutures if leakage oc- 
curs- between sutures. Close the mesenteric defect Lavage 
[fia isolated intensfine thoroughly without allowing the fluid 
IS seep into the abdominal cavity , Remove the laparotomy 
oods and change gloves and instruments . Lavage the oh 

so/ine, then use suction to remove 


r assure 


j 


* 


second layer of interrupted sutures apposes 
and serosa, and the knots are positioned extraluminally. 

Stapled anastomoses. The distal colon may be anas¬ 
tomosed to the ileum or jejunum using inverting end-to- 

end, functional end-to-end, or 

rerting end-to-end and functional end-to-end 


ures 

- SU' 


Is 


end-to-side stapling tech 


domen with sterile, worm 
he fluid Wrap fhe an as tom of ic site with omentum or create 

o serosal patch fsea p, 3S0J. 


niques. The im 

techniques are performed in the same way as for small intes 
tinal anastomoses (see p. 375), 
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A l wo-layer anastomosis occasionally is recommended it 

there is tension at the anastomotic site. A two-layer anasto- 

manner as a one-layer closure 


end-to-side technique, first insert the end-to-end sta- 

transected 


an 


pling instrument (without anvil) through the open 


mostois performed in the same 
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end of the colon. Advance th 
timesenteric s tab wound 


e center rod through 

rounded hy o purse-string su¬ 
ture. Tie the suture and place the anvil on the center rod. in¬ 
troduce the anvil into the lumen of the ileum. Tie the ileal 
purse-string suture, close the instrument, and fire the staples. 
Gently rotate and remove the instrument, inspect the anasto¬ 
motic site for hemostasis and integrity. Close the transected 
colon with a transverse stapler. Lavage the surgical sites and 

omental or serosa/ patch (see p. 3SQJ. 


Begin typhlectomy for a non inverted cecum by double UgaL 
ing the cecal branches of the ileocecal atiery in the ileocecal 
mesenteric attachment (ileocecal foldI (Fig. 21-106, A). Dis¬ 
sect the ileocecal fold[ freeing the cecum from the ileum and 
colon (Fig 21-106 , B/, Place a clamp across the base of be 
cecum (Fig. 21 - 106, C). Milk intestinal contents from the 
cending colon and ileum adjacent to the cecocolic orifice 
and occlude the lumen. Transect the cecum where it joins fta 
ascending colon. Close the defect with simple interrupted sir 
teres. As on alternative, place a transverse or linear cutting 
stapling instrument across the base of the cecum. Activate 
the stapler : Transect the cecum before removing the fro rts- 

stapling instrument. Lavage , then cover the surgical jftij 

with an omental 


an an- 


sus 


as- 


p la ce 


an 


Typhlectomy 

ryphiectomy, or cecal resection, is performed when the ce 
cum 

severely inflamed. 




becomes impacted, inverted, perforated, neoplastic or is 


verse 


J 


serosal patch ( 


p. 380). 
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FIG 31 -106 

Typhlectomy. A, Double ligate the cecal branches of the 
ileocolic vessels, B, Dissect the ileocecal fold of the 
mesentery. C, Place a clamp across the base of the cecum 
near the cecocolic orifice and transect. Close the coloni 
defect with simple interrupted sutures. 
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The cecum may be difficult to locate if it is inverted * but 
its 1 o c a t i on may be i den t i fi ed b y a smai 1 indent a ti on w h ere it 
can be palpated within the colonic lumen (Tig. 21-107). 


loop colostomies have been developed in ani¬ 
mals for use in humans. Loop colostomies usually are tem¬ 
porary; in such cases the distal colon is intact and allows 

for closure of the colostomy after resolution of the initial 
problem. An end-on colostomy is performed after remov¬ 
ing the distal colon and temporarily closing the ventral 
midline incision and rotating the anima] into a right lat¬ 
eral oblique recumbent position. 


end-on or 


if possible, manually reduce the cecum before resection . If it 
cannot be reduced manually, perform an anti mesenteric 
colotomy and exteriorize the cecum (Fig. 21-108). Resect the 
cec u m and close the cecoco lie orifi ce wjth 5 utu res or s taples 

as described above (Fig. 21-109). 

Colostomy 

Colostomies are seldom indicated in animals but may be 
performed as radical surgical treatment of obstructive col¬ 
orectal neoplasia or strictures or for trauma with fecal 
leakage. However, the fecal incontinence that results from 
the procedure makes animal management difficult, and 
client acceptance often is poor Many of the techniques for 


Excise a 2-cm circular segment of skin from a flat area of the 
left flank . Make a dorsoventrally oriented incision (4 cm) 
through the lateral abdominal musculature (external abdom- 

infernal abdominal oblique , and transversus 
abdominis muscles) and enter the abdominal cavity. Exteri¬ 
orize the proximal colon by passing it through the flank in- 
ci 5 ion . Suture the a rcum fere nee of the sera sal su rface of the 
colon to the abdominal musculature using 30 monofilament, 
ahsorbahle suture (polydioxanone, polyglycon ate, poligle- 
caprone 25). Complete the stoma by suturing the full thick¬ 
ness of the transected colon wall to the incised skin edge 

ing 3-0 or 4-0 monofilament, absorbable suture. Then 
through the ventral midline incision, perform a colopexy 

to prevent bowel herniation. Attach 
colostomy flange and bag to the stoma to collect feces . Re¬ 
place the colostomy bags and flanges as needed and per- 

colonk irrigation as desired . 

Perform a diverting loop colostomy after aseptically 
preparing the left flank. In 
a circular incision 4 cm in diameter : Remove the circle of 


us- 


/ 


f 


the stoma 


near 


a 


free of skin folds, make 


on area 


skin. Separate the muscle fibers to allow entry into the ab¬ 
domen. Grasp the descending colon and exteriorize it 
through the skin incision. Place a straight plastic loop ostomy 

rod (90 


-mm loop ostomy rod*) through the colonic mesen¬ 
tery at right angles to the long axis of the bowel. Create sub- 


FIG 21-107 

Cecum that is inverted into the colonic lumen. 


*Convatcc> Squibb Co., Princeton, New Jersey 


fen 


B .‘A 1 




-’■V 


XV 




1 




* * 
T: 




Hr 








JrV 


•• Kn 


L ■ 




s 






FIG 21-108 


FIG 21-1 Ov 


During typhlectomy, an incision is made 
cecal dimple and the inverted cecum is exteriorized. 


The inverted cecum in Fig 21-107 is excised and the colonic 
defect is dosed with simple interrupted sutures. 
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cutaneous pockets dorsal and ventral to the skin incision . 
Place the ends of the rod in these pockets and suture the rod 
to the subcutaneous tissue and muscle fascia . Using a simple 
continuous pattern , suture the seromuscular layers of the 
colon to the subcutaneous tissue at the border of the s kin in- 
cisbn . Create a stoma by making a longitudinal incision into 
the lumen of the colon and then placing simple continuous 
sutures to appose the seromuscular layers of the colon to the 

ive f 45-mm plastic flange 

(Surfit Flexible*) to the surrounding s kin and attach 
colas to my bog f to the fla nge. Place o bandage to h old th e 
collection bag against the flank . Close the colostomy when 
fecal diversion is no longer necessary 


Stapled anastomoses have a higher bursting pressure 
during the early lag phase of healing and a higher tensile 
strength after 7 days than hand-sutured anastomoses. 

Minimal inflammation and a double row of staples in¬ 
crease wound strength. The B-shaped staples provide he¬ 
mostasis without collapsing the microcirculation, and 
their alignment ensures equal tension around the circum¬ 
ference of the anastomosis. However, unhealthy tissues 
should not be stapled. 


incised skin edge , Apply an adhe s 


a 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


The instruments and suture materials for large intestinal 
surgery are the same as those for small intestinal surgery {see 
p. 382), 


HEALING OF THE LARGE INTESTINE 


Colonic healing is similar to that of the small intestine 
(see p, 381) but delayed. Wound tensile strength lags be¬ 
hind return of strength in the small intestine, and dehis¬ 
cence is more likely. Optimum healing depends on a 
good blood supply, accurate mucosal apposition, mini¬ 
mal surgical trauma, and a tension-free closure. A num¬ 
ber of factors may delay healing. Collateral circulation to 
the large intestine is poor compared with the small intes¬ 
tine, and large numbers of anaerobic and aerobic intra¬ 
luminal bacteria compose up to 10% of the dry fecal 
weight. Normal colon bacterial counts range from 10 
10' bacteria/g of feces. More anaerobes (Table 21 -56) 
than aerobes populate the colon. Also, high intraluminal 
pressure develops during passage of a solid fecal bolus. 
This mechanical stress on the suture line may lead to de¬ 
hiscence, The risk of dehiscence is high during the first 3 
to 4 days because collagen lysis exceeds synthesis. Using 
antibiotics and placing sutures that do not strangulate 
tissue may improve healing. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative care should be individualized for each patient. 
Pat ients sh o u Id be c 1 o sely mo n i to re d fo r vo m i t i ng o r regur■ 
gitation during recovery to prevent aspiration pneumonia. 
Analgesics (i.e., oxymorphone, butorphanol, buprenor- 
phine; see Table 21-4) should be given as needed. Hydration, 


Li> 


to 


o 


TABLE 21-57 


C 


Stool Softeners and Laxatives 


' 


i 


Dioctyl Sodium Sulfosucrinate or Docusate Sodium 
{Colace) 


V 


Dags; 50-200 mg PO, bid to fid 


s 


Cats: 50 mg PO, sid fo bid 


P 


t£ 


Bisacodyl (Dulcofax) 


a; 


Dogs: 5-20 mg PO, sid fo bid 


TABLE 21-56 




Cats: 2,5-5 mg PO, sid to bid 


5( 


Lactulose (Chronulac) 

Dogs: 1 ml/4.5 kg PO, fid to effect 
Cats: 5 ml/cot PO, fid 

Psyllium (Meta mud I) 

Dogs: 2-10 g PO, sid to bid or 1 teaspoon/10 kg bid 
in food 

Cats: 1*4 g PO; sid to bid or 1 teaspoon/10 kg bid 
in food 

Magnesium Hydroxide {Milk of Magnesia} (cathartic 

dose) 

Dogs: 15-50 ml/dog PO, sid 
Cots: 2-6 ml PO, sia 

Canned Pumpkin 

Cats: 1-4 tablespoons PO, sid 

Coarse Wheat Bran 

Dogs: 1-2 tablespoons PO, sid 


Colonic Bacteria 


ar 


pc 


Anaerobes 


af 


spp. 

* Bifidobacterium spp. 

* Lactobacillus spp. 

* Clostridium spp, 

* Fusobacterium spp. 

* Anaerobic Streptococcus spp. 

Aerobes 
Gram negative 

* Escherichia coli 

* Klebsiella spp. 


ah 


Ap 




Gram positive 

* Staphylococcus spp, 

* Corynebacterium spp. 


2 


Dr 


0 . 


PO, Oral; bid, twice a day; lid, three times a day; sid, once a cay 


' CanVdtec: Squibb Go,, Princeton, M.J. 
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COMPLICATIONS 


electrolyte, and acid-base abnormalities should be moni¬ 
tored and corrected. Intravenous fluid therapy should be 
continued until the animal is eating and drinking normally. 
Antibiotics may be discontinued 2 to 4 hours after surgery 
unless peritonitis Is present. Small amounts of water may be 
offered 8 to 12 hours after surgery. If vomiting does not oc¬ 
cur, small amounts of food can be given beginning 12 to 24 
hours after surgery. A bland, low-fat diet (Hill’s Pet Products 
or boiled rice, potatoes, and pasta combined 
skinless chicken, yogurt, or low-tat cottage cheese) may be 
ted three or four times daily. The animal's normal diet can be 
gradually reintroduced beginning 48 to 72 hours after sur¬ 
gery Debilitated patients may require enteral or parenteral 
nutrition (see Chapter 11), Stool softeners or laxatives (or 
both) should be administered when oral intake begins 
(Table 21-57), They may be given orally as a supplement 
(e.g„ dioctyl sulfosuccin at e-docusate sodium, bisacodyl, lac¬ 
tulose, magnesium salts) or added to food (e.g., psyllium, 
pumpkin, bran cereal, coarse wheat bran). In some cats 
appetite can be stimulated by oral cyproheptadine or intra¬ 
venous diazepam (Table 21-58), Cyproheptadine is pre¬ 
ferred as an appetite stimulant over diazepam. 

Abdominal palpation and measurement of body temper¬ 
ature should be performed postoperatively to monitor tor 
peritonitis or abscess formation. Depression, high fever, ex¬ 
cessive abdominal tenderness, vomiting, and ileus may indi¬ 
cate peritonitis. If peritonitis is suspected, afodominocentests 
or a diagnostic peritoneal lavage should be performed (see 
p. 272). A threefold or greater increase in serum lipase activ¬ 
ity may occur after routine exploratory laparotomy in dogs 
without pancreatitis. Early ambulation and oral intake 
should be encouraged to reduce postoperative ileus. 1 he 
presence or absence of fecal blood (and its color and consis¬ 
tency if present) should be noted after surgery. Tenesmus 
and hematochezia may be observed. Subtotal colectomy 
generally increases the frequency of defecation 30% to 
50%, Stools frequently remain loose for days to weeks 
and then become more semi formed. After colostomy the 
parastomal area must be kept clean and treated as necessary 
for irritation. Although colonic irrigation is not necessary 
alter colostomy, it reduces fecal production and makes 
management more practical and cost-effective (Williams et 
al„ 1999), 


Hemorrhage and fecal contamination of the abdomen are 
the most common complications of large intestinal sur¬ 
gery. Other possible complications are shock, leakage, de¬ 
hiscence, perforation, peritonitis, stenosis, incontinence, 
or death. Fecal contamination can be prevented by preop¬ 
erative colon preparation or by manually displacing the 
contents of the colon away from the resection sites, prop¬ 
erly using atraumatic intestinal forceps, and performing 
copious lavage before closure. The frequency of leakage at 
the anastomotic site is similar for staple and suture tech¬ 
niques. Leakage may be minimized by placing a serosal 
patch around the anastomosis (see p. 380). In human be¬ 
ings, long-term use of corticosteroids is associated with a 
high incidence of abscess formation after colonic anasto¬ 
mosis and may predispose to dehiscence. Hemorrhage 
can be prevented with proper ligature placement and 
careful inspection of the anastomosis. Clinically signifi¬ 
cant strictures are rare unless inverting or everting suture 
patterns are used or excessive tension exists at the resec¬ 
tion site. Strictures may be managed by incision with an 
electrosurgical tip or laser ablation. Dilation by balloon 
or bougienage may also be effective (see p. 322). If these 
techniques do not alleviate signs of obstruction, surgical 
resection may be required. Incontinence is rarely associ¬ 
ated with colectomy. 


SPECIAL AGE CONSIDERATIONS 


Young animals more often have rectal prolapse or intussus¬ 
ception as a result of parasite infestation or garbage or for¬ 
eign body ingestion. They are prone to hypoglycemia and 
hypothermia during surgery. Neoplasia is more common in 

older animals. 
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TABLE 21-58 


Appetite Stimulants in Cats 


Cyproheptadine {Periactin) (preferred) 

2 T.g/cat given orally twice a day 

Diazepam (Valium) 

0.5 mg/cot given intravenously 


enzyme levels during 


day 
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SPECIFIC DISEASES 




Leiomyomas are benign neoplasms of smooth muscle 
that occur sporadically in the large intestine. They are well 
encapsulated, circumscribed, and light in color with a 
smooth, glistening, cut surface. Clinical signs (i.e„ tenesmus) 
may not be seen until the mass reaches an appreciable size, 
Because the mucosa usually is not involved, melena or 
hematochezia as uncommon. They usually are removed by 
blunt dissection from the colorectal wall via an anal, per¬ 
ineal, or abdominal approach. Recurrence is uncommon, 
and long-term survival is expected, j 

Leiomyosarcomas are invasive, malignant, smooth mus¬ 
cle tumors that usually are slow to metastasize. Most 
ported cecal tumors are leiomyosarcomas. Cecal leio¬ 
myosarcomas occur most commonly in 

dogs of either gender. Some patients are presented for treat 
ment of cecal rupture 


lor 




NEOPLASIA 


sh< 


an 


DEFINITIONS 


Ri 


Tumors that occur in the colon or rectum are called col¬ 
orectal neoplasms* Polyps are grossly visible protrusions 
from the mucosal surface of either neoplastic or non neo¬ 
plastic cells. 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


llL 
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Intestinal tumors occur most often in the rectum or colon of dogs 
and in the small intestine of cats. Adenomatous polyps and ade¬ 
nocarcinomas are the most common colorectal neoplasms* 
Other reported tumors include lymphosarcomas, leiomyomas, 
1 ei omyosarco mas, plasmacytomas, mast 
noids. Intestinal mil tumors usually invade the muscular layer of 
the intestines, causing obstruction through luminal compromise 
or interference with peristalsis (or both). The proximal bowel 
may become distended by feces, fluid, gas, or all three, which 
compromises its function. Clinical signs of tenesmus, dvsehezia, 
and hematochezia can be attributed to the presence of a friable 
luminal mass that bleeds when abraded by the passage of feces. In 
some animals tenesmus and dyschezia are caused by partial lu¬ 
minal obstruction by a full thickness annular mass. Physical ex- 

' v * 4 

animation, endoscopy ultrasonography; computed tomography, 
and magnetic resonance imaging are the principal means of as¬ 
sessing abdominal and pelvic structures for neoplasia. 

The cause of colorectal polyps is unknown. Most polyps 

cu r i n th e d og s rectu m 

they occas ion a 11 y may b e found 

red or pink, soft, friable, and hemorrhagic. They usually 
sessile or slightly pedunculated and may be single or multiple. 
Single masses may be so large as to suggest a broad-based mass, 
when in fact they actually have a small stalk* Most polyps 
hyperplastic or adenomatous, and epithelial changes do not 
cross the lamina muscular is; however, some have atypia and 
are considered carcinoma in situ. Intraepithelial carcinoma¬ 
tous change or malignant transformation may occur. 

Adenocarcinomas of the colon and rectum are rare in cats; 
they are more common, although still relatively rare, in dogs. 
In human begins most of these tumors are believed to 
from preexisting adenomatous polyps. Most adenocarcino¬ 
mas of the large intestine are located in the canine and feline 
rectum (more than 50% arc midrectum). They may be annu¬ 
lar (intramural) or intraluminal. Intraluminal masses may be 
multiple, pedunculated, nodular, and/or ulcerated. Annular 
masses typically infiltrate all layers of the intestinal wall, caus¬ 
ing circumferential narrowing. These tumors are firm, grayish 
white, and often ulcerated. Tumors of the large intestine usu¬ 
ally grow slowly and spread to adjacent serosal surfaces, 
mesentery, omentum, and regional lymph nodes by local in¬ 
vasion. Distant met a stases may occur to the lymph nodes 
lungs, liver, spleen, pancreas, adrena ts, and peritonea 1 surfaccs. 


ge 


peritonitis, others be¬ 
cause of lethargy and anorexia. The prognosis for long-term 
survival is poor. Survival without metastasis approximates 
12 months after resection, and most patients eventually m 
euthanized because of tumor recurrence or metastasis. 
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17. 


DIAGNOSIS 

Clinical Presentation 


le 


d 


Signa Iment* Colorectal tumors 


are more common in 
dogs than cats. The incidence of polyps is equal in males and 
females, with an increased prevalence suggested in poodles, 
Airedale terriers, German shepherds, and collies. Colonic car¬ 
cinomas are two to three times more common in males than 


rr 


d 


n 


ti 


females. Mixed breed dogs, poodles, German shepherds, col¬ 
lies, West Highland white terriers, Airedales, and Lhasa apsos 
appear to be most commonly affected. Leiomyomas and 
leiomyosarcomas occur more frequently in medium to large 

no particular breed or gender predilection. Most 
large intestinal tumors occur in middle-aged and old dogs; 
however, dogs as young as 2 years of age have been affected, 
Mean ages reported for colorectal tumors are 6*9 years for 
polyps, 10.9 years for leiomyomas, 11.4 years for leiomyosar¬ 
comas, and 8.5 years for carcinomas (Valerius et aL, 1997). 

History. Most dogs are presented for treatment because 
the owners noticed blood and mucus in the feces. Common 


is 
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near the anorectal junction, although 

in the colon. Most appear dark 
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clinical signs include straining to defecate, passage of blood 
and mucus with feces, painful defecation, and passage of rib¬ 
bonlike feces. Constipation, vomiting 
depression, septic peritonitis, or 
these) occur occas 


t 


c 


anorexia, weight loss, 
malabsorption (or all of 
ionally. Some animals are asymptomatic, 
masses are found during a routine physical examination. 
Tenesmus often is present and can cause prolapse of the mass 
or rectum* Sometimes the only sign is prolapse of a mass 
mg defecation. Signs involving other organ systems may de¬ 
velop secondary to metastasis and paraneoplastic syndromes. 


t 


£ 


j 


Physical Examination Findings 

Animals with colorectal neoplasia may be thin. Colorectal 
masses often are identified during abdominal or rectal palpa¬ 
tion, More lhan 60% of anal and rectal canal masses are diag¬ 
nosed during rectal palpation. Masses may bleed and fragment 
during palpation, and they may be pedunculated, sessile, nodu- 
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Preoperative Management 

Hydration, electrolyte, and acid-base abnormalities should 
be corrected before surgery. Trans fusion should be per¬ 
formed if the patient’s packed cell volume (PCV) is below 
20% (see p. 20). If the animal has no obstruction, bacterial 
numbers may be reduced by evacuating the colon with oral 
cathartics, enemas, and fasting (see p. 399). Antibiotics ef¬ 
fective against aerobic and anaerobic intestinal bacteria flora 
should he given (see p, 399). 

Anesthesia 

General anesthetic recommendations tor animals undergoing 
large intestinal surgery are provided on p. 399. Because patients 
with tumors may be debilitated, balanced anesthesia using in¬ 
jectable agents and isoflurane or sevoflurane is recommended. 
Epidural anesthesia may be advantageous (see Chapter 12), 

Surgical Anatomy 

The surgical anatomy of the large intestine is presented on 
p. 400. 

Positioning 

Tumors of the cecum and colon are approached via a ventral 
celiotomy with the patient in dorsal recumbency. Rectal tu¬ 
mors may be approached using cither a ventral midline ce¬ 
liotomy with pelvic osteotomy, anal eversion, or perineal 
dissection. Tumors of the cranial to middle rectum are ap¬ 
proached with the patient in dorsal recumbency using a ven¬ 
tral celiotomy and pelvic osteotomy. Tumors of the caudal 
rectum and anal canal are approached with the patient in 
ventral recumbency using the DePage position and anal 
eversion or a dorsal (see p. 421) or lateral (see p. 422) per¬ 
ineal approach. For the DePage position, the perineum is 
elevated by tilting the table, padding the hindquarters, and 
securing the tail over the back. 


lar, firm, soft, or friable. Prolapse of the mass often is possible, 
which allows visual inspection. During the rectal examination it 
should be determined whether the mass is fixed or moveable 

and whether the sub-lumbar lymph nodes are enlarged. 

Radiography, Ultrasonography, 
and Endoscopy 

Thoracic and abdominal radiographs should he taken to eval¬ 
uate the extent of disease. The rectum and anus are difficult to 
evaluate on plain radiographs; however, a mass may be iden¬ 
tified protruding into the lumen if it is surrounded by intra¬ 
luminal gas, The size of the sublumbar lymph nodes should be 
evaluated, because enlargement often indicates metastasis. A 
barium enema may help delineate a mass, but proctoscopy 
generally is more valuable. In human beings, intrarectal ult ra¬ 
sonography appears to be the most accurate imaging tech¬ 
nique for staging rectal cancers. Intrarectal ultrasonography 
helps predict the degree of tumor invasion, allowing for better 
treatment planning. Proctoscopy and colonoscopy should be 
performed to identify diffuse or multiple lesions and to local¬ 
ize lesions. The size, location, distribution, and multiplicity of 
lesions should be determined. Examination may reveal a pe¬ 
dunculated or sessile mass, irregular luminal narrowing, 
and/or ulceration. All lesions should be biops led, and the sub¬ 
mucosa should be included in biopsy samples with obvious, 
deep, infiltrating disease. Presurgical biopsies are useful prog¬ 
nostic tools, which can help avoid unnecessary surgery in pa¬ 
tients with a poor prognosis. Endoscopic snare polypectomy 
is often performed in human beings with sessile masses 
smaller than 15 mm and pedunculated masses smaller than 35 
mm; the procedure occasionally can he performed in dogs. 

Laboratory Findings 

The results of complete blood cell counts and biochemical 
profiles are nonspecific for colorectal tumors. In rare cases 
anem i a a n d hypo p rote i n em la a re present if ch ro n i c hi eed i n g 
has occurred from an ulcerated mass. 
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SURGICAL TECHNIQUE 
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Surgical resection is the most common treatment for large 
intestinal neoplasia. Margins of 4 to 8 cm are recommended 
for partial colectomy (see p. 402) for malignant tumors. Non- 
invasive anal or rectal masses often are everted through the 
anus and excised with limited normal tissue margins. In hu¬ 
man beings, local excision is performed when rectal tumors 
are limited to the submucosa or muscularis, mobile, 3 cm or 
smaller, and well or moderately differentiated. Full thickness 

resection of the involved colon or rectum is required for 
large, sessile masses. Tumors invading the serosa or perirectal 
tissue that are fixed, 3 cm in diameter or larger, poorly differ¬ 
entiated, or atypical should be excised by means ol an ab¬ 
dominal incision, rectal pull-through (see p. 419), or perineal 
resection (see p. 418) with lymph node excision. Abdominal 
resection may require a pelvic osteotomy to remove a pubic 
bone flap (see p. 419) (Graham, Garnsey, Jessup, 1990). 


DIFFERENTIAL DIAGNOSIS 


se 


The differential diagnoses include all other causes of large 
bowel obstruction or irritation, including intussusception, 
constipation, obstipation, colitis, perforation, benign stric¬ 
ture congenital stricture, granulomas, hematomas, or con¬ 
genital malformation. 
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MEDICAL MANAGEMENT 


>n. 


lymphosarcomas may respond to chemotherapy. The re¬ 
sponse of other tumors to chemotherapy is unknown. Radi¬ 
ation therapy is restricted to masses smaller than 3 cm that 
m confined to the rectal wall and located in the distal half 
of the rectum and anal canal. 
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SURGICAL TREATMENT 


:tal 


Surgical resection is the treatment of choice for intestinal tu¬ 
mors. Unfortunately, many tumors are too advanced for suc¬ 
cessful resection when diagnosed. Incontinence may occur 
after resectio n. 


pa- 


Dilate and retract the anus to allow visualization of the mass. 
Place stay sutures in the rectal mucosa near the mass to facil¬ 
itate eversion through the anus (see Fig. 21-1 12 on p. 420 J. 
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Use an elecfrosurgical electrode , laser r or scalpel blade to i 
cise the mucosa and submucosa surrounding the moss . Re¬ 
move the mass and appose the mucosa and submucosa with 

simple interrupted 4-0 absorbable suture fpolydi 
polyglyconate, poligkcaprone 25 f or polyglactin 910}, 

Colostomy may be indicated to allow more aggressive 
section or therapy 


months before signs of recurrence or metastasis. Complete 
surgical excision of colorectal adenocarcinomas is curative; 
however, the prognosis is poor, because most cannot be 
pletely excised because of local infiltration, spread to lymph 
nodes, and the pelvic canal location. Dogs with colorectal ade¬ 
nocarcinomas usually are euthanized because of failure to 
control dyschezia and hematochezia. In one study dogs with 
single, pedunculated, polypoid masses survived a mean of 32 
months; those with nodular lesions survived a mean of 12 
months; and those with annular masses that caused strictures 
survived a mean of 1.6 months (Church EM et al s 1987). Ad¬ 
juvant chemotherapy or radiation therapy (or both) is sug¬ 
gested for patients with adenocarcinoma and leiomvosar- 

/3 

coma, but the efficacy of this treatment is unproven. 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Absorbable suture (i.e., polydioxanone, polyglyconate, 
poliglecaprone 25, or polyglactin 910) is preferred when 
moving masses from the rectum. Absorbable or nonab¬ 
sorbable suture may be used for colectomy (see p, 402), but 
absorbable suture is preferred. 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


Care and management after surgery should be individualized. 
Hydration and electrolyte balance are maintained with fluid 
therapy. Analgesics should be provided as necessary. Thera- 
peutic antibiotics are appropriate when contamination, peri¬ 
tonitis, or severe debilitation is present. Nutritional support 
(see Chapter 11) may be necessary if the patient is debilitated 
and refuses to eat. Adjuvant chemotherapy has been 


recom¬ 
mended for malignant tumors, but its efficacy is unknown. 


COMPLICATIONS 


Suggested read i ng _ 

Sentovich SM et al: Transrecta] ultrasound of rectal tumors, Am} 
Surg 166:638, 1993. 
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160:262, 1990. 
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Leakage, dehiscence, and peritonitis are possible complica¬ 
tions. Tenesmus, dyschezia, and hematochezia are expected 
after colorectal surgery. Incontinence may be seen in animals 
after rectal pull-through procedures. Stricture or tumor re¬ 
currence may cause signs of intestinal obstruction. 


PROGNOSIS 


The prognosis is guarded for animals with non resectable tu¬ 
mors, because other modes of therapy are ineffective, of 
questionable value, or unusable because of severe side effects. 
In some cases lymphosarcoma responds well to chemother¬ 
apy. Tumor control of 46% (median, 6 months) and survival 
of 67% (median, 7 months) at I year were reported for a 
small group of dogs (6) with distal rectal and anal canal 

that received a single dose of orthovoltage radiation 
from 15 to 25 Gy (Turrell JM tk Theon AP, 1986). In another 
study, dogs with adenocarcinoma that were not treated sur¬ 
vived a mean of 15 months (Church EM, et al i9S7). 

1 he prognosis for patients with benign masses generally is 
good to excellent if excision is complete; however, recurrence 
and malignant transformation are possible when polyp exci¬ 
sion is incomplete. Unlike in human beings, most canine col¬ 
orectal polyps do not have carcinoma in situ. The prognosis 
lor patients with malignant tumors is fair to guarded, de¬ 
pending on the tumor’s type, location, stage, and resectability. 
Excision is expected to be curative for leiomyoma, with 
dian survival of 26 months (mean, 31.6 months) (McPherron 
et al., 1992), Leiomyosarcoma patients live approximately 12 


COLITIS 


DEFINITIONS 


Colitis is inflammation of the colon caused by a variety of 
organisms, diets, and syndromes. Inflammatory bowel dis¬ 
ease is an idiopathic inflammation of the bowel. 
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SYNONYMS 


Although the terms colitis, acute colitis, chronic colitis, ul¬ 
cerative colitis, and inflammatory bowel disease often 
used interchangeably, they are different. 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 
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f he u nder lyi ng ca us e s o f a c u te i n fee l i o us and i nfi a minatory 
conditions of the large i ntestine often are not diagnosed be 
cause they arc self-limiting. However, with chronic diseases, 
the cause often must be determined to resolve the condition 
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DIFFERENTIAL DIAGNOSIS 


A variety of factors may cause colitis, including bacteria, 
viruses, fungi, parasites, diet, and immunologic agents* The 
mucosa may be infiltrated by various inflammatory cells 
(lymphocytes, plasma cells, eosinophils, neutrophils, or 
macrophages). Lymphocytic-piasmacytic colitis is the most 
common cause of inflammatory bowel disease (1BD) of the 
feline colon; 1BD is less common in dogs. 

Colonic inflammation disrupts the normal secretory and 

absorptive functions of the colon such that net secretion is 
increased and absorption of sodium, chloride, and water is 
diminished. Colonic motility patterns change so that seg¬ 
mental contractions, which provide resistance to the flow of 
feces, are reduced, whereas peristaltic contractions are nor¬ 
mal or diminished. The colon usually is hypomotile, and di¬ 
arrhea results from diminished resistance to flow, acceler¬ 
ated transit, increased secretion of water and electrolytes, 
and accen t ua ted rellux urge to defeca te as a resuIt of mucosaI 
irritation* Mucosal ulceration and smooth muscle spasms 
maybe present, and microbial populations are altered. 

DIAGNOSIS 

Clinical Presentation 

Signalmen t. Boxers have been identified as 
high incidence of histiocytic colitis, although this currently 
is an unc omm o n d i agno s is. Yo u ng an d m id d 1 e- a ge d d ogs a re 
most likely to be affected by infiltrative fungal disease. 

usually are presented for treatment 
with a history of constant or intermittent large intestinal di¬ 
arrhea. They sometimes void small amounts frequently, have 
a sense of urgen cy to de fee ate, o r h a ve accidents i n th e h o us e 
(or all three). Hematochezia, fecal mucus, and tenesmus are 
common but not consistent findings* Other less common 
signs include vomiting, depression, weight loss (rare except 
for fungal infections and neoplasia), dyschezia, and consti¬ 
pation, The animals diet should be investigated and changes 
made to eliminate food as the cause* 


Food allergy, lymphocytic-plasmacytic colitis, eosinophilic coli¬ 
tis, ulcerative colitis, intestinal neoplasia (especially lym¬ 
phomas), granulomatous colitis, cocci diosis, giardiasis, whip¬ 
worms, histoplasmosis, protothecosis, pythiosis, bacterial colitis 
(neutrophilic enterocolitis), clostridial colitis, feline immunod¬ 
eficiency virus (FiV), feline leukemia virus (FeLV), irritable 
bowel syndrome (i.e., fiber-responsive disease), and ileocolic or 
cecocolic intussusception are possible differential diagnoses. 
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MEDICAL MANAGEMENT 


Inflammatory diseases of the large intestine generally are 
managed with medical therapy directed at the causative 
agent. Therapy for acute colitis initially is symptomatic* 
Food should be withheld for 24 to 48 hours and then a 
bland, easily digested, low-fat, and nonallergenic diet should 
be introduced (e*g., i/d, d/d [Hill’s Pet Products], or home¬ 
made rice, potatoes, and lean meat, cottage cheese, or eggs). 
Anthelmintics are appropriate if parasites are present. Motil¬ 
ity modifiers sometimes are used on a short-term basis. For 
patients with chronic disease, medical therapy may include 
anthelmintics, dietary modification (i.e., fiber-supple¬ 
mented or elimination diet, or both), corticosteroids, 

metronidazole, antimetabolites (azathioprine, chlorambucil; 
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Medical Management of Colitis 


rg 


Metro n id azote 

10-15 mg/kg PO, bid 

Prednisolone 

1-2 mg/kg sid 

Azathioprine (Imuran) 

Dogs: 2*2 mg/kg PO sld initially then 2,2 mg/kg eod 

Cals: 0.3 mg/kg every second day; however, must be 
given with extreme care 


es 


Physical Examination Findings 

The physical examination findings often are normal. Rectal 
examination findings may be normal or abnormal (e*g., 
pai nful, ro ughened mucosa). 

Radiography; Ultrasonography, 
and Endoscopy 

Plain radiographs, contrast studies, and ultrasonography 
sometimes show intestinal wall thickening but are seldom 
performed in these patients. Colonoscopy with mucosal 
biopsy provides a definitive diagnosis for fungal infections, 
neoplasia, and IBD. 

laboratory Findings 

A positive result may be seen on fecal examination for para¬ 
sites (e.g., whipworms, Giardia spp.). Complete blood 
counts and serum biochemical profiles usually are 
Hemograms may reflect chronic inflammation, stress, or 
■iHernia. Hypoalbuminemia may be seen in patients 
histoplasmosis or pythiosis. 


of 


Chlorambucil [Leukeran) 


Cats <3 kg: 1 mg twice 


week for 6 to 8 weeks; if effec- 


.s- 


tive, toper dose 


Cats >3 kg: 2 mg twice a week for 6 to 8 weeks; if effec¬ 
tive, taper dose 


ib 


Sulfasalazine (Azulfidine) 

25 mg/kg PO, bid 


re 


Mesa lam ine (Asacol, Pentasa or Rowasa are other trade 
names) 


10-20 mg/kg PO, bid to fid 


Olsalazine (Dipenfum) 


10-20 mg/kg PO, 


uy 


)C- 


PO, Oral; bid, twice a day; sid, once a day; eod, every other day; 

tid, three times a day. 


es, 
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Table 21-59), nonsteroidal antiinflammatory drugs (sul¬ 
fasalazine, mesalamine, olsalazine), and antimicrobials. 
Colonic resection is rarely needed or considered in dogs with 
colonic inflammatory disease. However, partial 

m > ma > L e required in very severe cases (mucosal 
sloughing) when medical therapy has not or is not expected 
to stop severe protein losses. 


eolotomy biopsy or colectomy sites. Strictures may occur af¬ 
ter partial colectomy 


PROGNOSIS 


or complete 


Signs of acute colitis often are alleviated by a 24- to 36-hour 
fast (see discussion of Medical Management on p. 411). The 

prognosis for chronic colitis depends 
cause; it is poor tor proto the co sis, non resec table pythiosis, 
and nonresectable malignancy. Lifetime treatment may be 
needed for some patients with chronic colitis. The prognosis 
for recovery alter surgical biopsy of the large intestines is 
good if appropriate surgical principles are followed. The pa¬ 
tient may require lifetime medical treatment for the under¬ 
lying cause of colitis. 


the underlying 


on 


SURGICAL TREATMENT 


Preoperative Management 

Preoperative care should be provided as discussed on p. 398. 
fluids and transfusions should be given before surgery if indi¬ 
cated. Prophylactic antibiotics should be given before surgery 
If surgery is indicated, antibiotics effective against colonic 
obes and anaerobes should be given (see p. 399). 


aer- 


Suggested r e a ding 

Willard MD: Inflammatory bowel disease: perspectives on therapy. 
/ Am Anim Hasp Assoc 28:27, 1992. 


Anesthesia 

General anesthetic 
surgery are provided on p. 399. 

Surgical Anatomy 

The surgical anatomy of the large intestine is described on 

p. 400. 

Positioning 

Patients should be positioned in dorsal recumbency for a 
ventral midline celiotomy The entire ventral abdomen 
should be clipped and prepared for aseptic surgery. 


recommendations for large intestinal 


MEGA COLON 


DEFINITIONS 


Megacolon is a descriptive term for persistent increased 
large intestinal diameter and hypomotility associated with 

severe 

made i! mechanical, neurologic, or endocrine causes cannot 
be identified. Constipation is difficult or infrequent defeca¬ 
tion with passage of unduly hard, dry fecal material; obsti¬ 
pation is extreme constipation (no feces may be passed). 


constipation. A diagnosis of idiopathic megacolon is 


SURGICAL TECHNIQUE 


Surgical biopsy may be required to establish the appropriate 
medical therapy; however, colonic biopsy during 
pi oratory laparotomy is seldom indicated. Biopsy samples 
instead should be obtained by endoscopy. The techniques for 
large intestinal biopsy are the same as for the small intestine 
{see pp. 372 and 401). Colectomy is described on p. 402. 


ex- 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Megacolon is most often diagnosed tn cats. It is not a specific 
disease but a clinical sign associated with failure to normally 
void feces. It may be congenital or acquired, occurring sec¬ 
ondary to colonic inertia and outlet obstruction. Causes of 
colonic inertia 


SUTURE MATERIALS AND 

SPECIAL INSTRUMENTS 


See p. 382 for instruments for intestinal surgery Polydiox- 

anone or polyglyconate suture (3-0 or 4-0) is preferred for 

colectomy or colonic biopsy; however, nonabsorbable 

(e.g., nylon or polypropylene) may be used in hypoalbu- 

minemic animals. Chromic gut suture should be avoided in 

young or debilitated animals because the suture may rapidly 
catabolize and weaken. 


may be prolonged distention, neurologic 
trauma, congenital dysfunction, endocrine disease, or be¬ 
havioral abnormalities, or the condition may be idiopathic. 
Outlet obstruction can be caused by pelvic fracture malti- 
nion, large intestinal strictures or neoplasia, anal atresia or 
stricture, compressive extraluminal masses, foreign bodies, 
improper diet. Idiopathic megacolon in cats associated 
with colonic inertia is thought to be the result of an abnor¬ 
mality of either the intrinsic or extrinsic innervation to the 
low r er large intestine. Recently however, cats with idiopathic 
megacolon have had a generalized dysfunction of colonic 
smooth muscle that involves the activation of smooth mus¬ 
cle myofilaments (Wash aba u, Stalis, 1996). 

Feces retained in the colon for prolonged periods dehy¬ 
drate and solidify because of continued water absorption. 
Fecal concretions are produced that are difficult and painful 
to eliminate. The fecal mass may become so large and hard 
that passage through the pelvic canal is impossible. Pro¬ 
longed, severe colonic distention eventually 

i 


suture 


or 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Severely affected patients may benefit from enteral 
enteral nutritional support after surgery Analgesics, antibi¬ 
otics, and fluids should be given as necessary After surgery 
patients should be monitored tor evidence of peritonitis (see 

p. 267). 


or par- 


COMPLICATIONS 


fic 


Colonic perforation is a rare complication of colonoscopic 
ultrasonographic biopsy, and leakage may occur from 


re 


or 


causes irre- 
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colon. Rectal examination reveals hard feces at the pelvic 
i n let. 


versible changes in colonic smooth muscle and nerves, caus¬ 
ing inertia. Absorption of bacterial toxins from the retained 
feces may cause depression, anorexia, and weakness. Vomit¬ 
ing occurs secondary to prolonged obstruction, absorbed 
toxins, or vagal stimulation (or all three). Liquid may pass 
around fecal concretions and cause diarrhea. Blood and mu¬ 
cus from mucosal irritation may be seen in the feces. 


Radiography and Ultrasonography 

Abdominal radiographs demonstrate a distended colon im¬ 
pacted with fecal material. Radiographs should be per¬ 
formed to rule out obstructive diseases (i.e., pelvic fracture 
malumons, sacrocaudal spinal trauma or deformities, and 
intramural or mural colonic or rectoanal obstructive lesions; 

Fig. 21-110). 

Laboratory Findings 

Nonspecific changes in the complete blood cell count and 
biochemistry profile may be evident. Histologic examina¬ 
tion of colons removed from most cats with idiopathic 
megacolon usually reveals normal colonic wall ganglion 


DIAGNOSIS 

Clinical Presentation 


Signalmen*, Idiopathic megacolon is primarily seen in 

cats but in rare cases occurs in dogs. There is no gender pre¬ 
disposition, but Manx cats were overrepresented in one 
study (de Haan, Ellison, Bellah, 1992). Megacolon that oc¬ 
curs secondary to neurologic, obstructive, or medical disease 
may be seen in any animal. Middle-aged or older cats are 
most commonly diagnosed with idiopathic megacolon 
(range, 1 to 16 years; mean age, approximately 5 to 7V 2 
years). 

History* Affected animals arc presented for evaluation of 
constipation or obstipation. They may be depressed and 
anorexic and have tenesmus, weakness, lethargy, poor hair 
coat, vomiting, weight loss, and occasionally watery, mucoid, 
or bloody diarrhea. The clinical signs often are severe and 

many clients pay little attention to their 


mV J 


DIFFERENTIAL DIAGNOSIS 


Idiopathic megacolon must be differentiated from congeni¬ 
tal, obstructive, neurologic, and systemic causes of mega¬ 
colon. Causes of constipation include drugs (e.g„ opiates, 
anticholinergics, barium), severe dehydration, environmen¬ 
tal changes, perianal pain (e.g., from perineal hernia), inap¬ 
propriate diet, perineal hernia, colorectal masses or stric¬ 
tures, hypercalcemia, hypokalemia, hypothyroidism, and 
spinal cord or nerve damage. 


chronic, because 


pet s elimination habits. 


h 


is 


Physical Examination Findings 

A lean body condition and poor hair coat may be evident 
on physical examination. Some animals are depressed and 
dehydrated. Abdominal palpation reveals 


it 


MEDICAL MANAGEMENT 




Constipation is difficult to treat once megacolon develops; 
however, medical management should be attempted before 
colectomy. Initial management includes correction of hy¬ 
dration, electrolyte, and acid-base abnormalities in severely 
affected animals. The colon should be evacuated with stool 
softeners, enemas, or digital evacuation (or all of these). 
General anesthesia typically is required for digital evacua¬ 
tion. Because mucosal damage may occur with digital evac¬ 
uation, antibiotics may be indicated to protect against sys¬ 
temic absorption of bacteria and toxins. To control 
constipation, long-term use of high-fiber diets, stool sof¬ 
teners, bulk laxatives, and enemas may be needed. Osmotic 
laxatives (e.g., lactulose or ice cream, or milk in some cats; 
Table 21-60) and prokinetic drugs may help prevent recur¬ 
rence once the colon has been evacuated by enemas. If 
recurrent obstipation requires frequent fecal extraction, 
surgery may be indicated. Some owners find medical ther¬ 
apy intolerable and opt for euthanasia if surgery is not 
a va il ab 1 e. 
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TABLE 21-60 


us- 


Dr ugs Used for Constipation in Dogs and Cats 


hy- 


on. 


Lactulose (Chronulac] 


iffil 

ard 

rre- 


effect 


FIG 11410 

Radiograph of a dog with megacolon that occurred as a 
'esuitof malunion of pelvic fractures and narrowing of the 
pelvic canal. 


Cats: 5 ml/cat PQ, tid 


PO, Oral; fid, three times a day. 
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SURGICAL TREATMENT 


if the ileocolic valve is preserved, ligate the right calk, mid¬ 
dle colie , and caudaI mesenteric ves s els. If the ileum is parti/ 
or completely removed , also ligate the ileocolic and terminal 
ileal arcadial vessels. 


Surgery for megacolon entails removing all of the colon except 
a short distal segment needed to reestablish intestinal continu¬ 
ity, Mega colon that occurs secondary to pelvic fracture 
malunion should be treated with subtotal colectomy pelvic 
reconstruction, or both. Pelvic reconstruction involves partial 
pelvectomv and bone repositioning to widen the pelvic canal. 
Pelvic reconstruction is recommended before irreversible my¬ 
oneural damage has occurred secondary to chronic colonic 
distention. Reconstruction should be performed as soon as 
pelvic narrowing and constipation or obstipation are diag¬ 
nosed. Signs of obstruction generally are eliminated if the 
pelvic canal is widened within 6 months of the injury; however, 
reconstruction alone may not alleviate clinical signs if mega- 
col on is severe. A subtotal colectomy in addition to a pelvec- 
tomy may be necessary to alleviate signs in these patients. Care 
should be taken during pelvectomy to protect adjacent soft tis¬ 
sue structures (i.e., the urethra, rectum, blood vessels, and 
nerves). After colectomy the small intestine adapts by increas¬ 
ing stool capacity and water absorption. 


NOTE * Do not ligate the cranial recta! artery in 
dogs. Instead, ligate the left colic artery and the 
vasa recta from the cranial rectal artery 


Milk feces into the dilated colon , which will be resected. I 
Place intestinal forceps proximal and distal to the planned I 
resection site. Resect the dilated colon at its junction with the I 
small intestine or just distal to the cecum . Perform on endto* ■ 
end anastomosis with either a circular stapler or sutures, I 
Correct for luminal size disparity when performing o suture I 
anastomosis by altering the angle of transection (oblique art I 
gles on small lumens and perpendicular angles on large lv- I 
mem), using unequal suture spacing (farther apart on fihe I 

large lumen), and/or resecting an anti mesenteric wedge I 

from the intestine (see p. 378). I 

If a stapling technique is used, place purse-string sutures I 
at each colonic end before resection. Insert the stapler into I 
the colon tran son ally or through cm anti mesenteric incision in I 
the cecum or colon r Lavage the anastomotic site and dose I 
the mesenteric deled. Remove the laparotomy pads r lavage I 
the abdomen , and place omentum over the surgical site. 


Preoperative Management 

Preoperative intestinal preparation using multiple enemas to 
evacuate the large colon is ineffective and unnecessary. Pro¬ 
phylactic antibiotics effective against aerobic and anaerobic 
colonic bacteria should be given (see p. 399), 

Anesthesia 

General anesthetic recommendations for large intestinal 
surgery are given on p. 399, 

Surgical Anatomy 

The surgical anatomy of the large intestine is described on 

p. 400. 

Positioning 

The animal should be positioned in dorsal recumbency with 
the entire ventral abdomen clipped and prepared for aseptic 
surgery. The prepared area should extend caudal to the pu¬ 
bic brim. 


NOTE * Transanal introduction of the stapler may 
not be possible in all cats because of the small anus 
and narrow pelvic canal. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Instruments for large intestinal surgery are discussed on 
p. 382. Absorbable suture (polydioxanone, poliglecaprone 

25, or polyglyconate) (3-0 or 4-0) is preferred for colectomy; 
however, nonabsorbable suture (nylon, polybutester, or 
polypropylene) may he used in debilitated or hypoalbu- 
minemic animals. 


SURGICAL TECHNIQUE 

Subtotal Colectomy 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Explore the abdomen and biopsy abnormal tissues . Isolate 
the distal smoil intestine, cecurn t and colon from the remai ri¬ 
der of the abdomen with several moistened laparotomy 
padsIdentify resection sites at the distal jejunum or proxi¬ 
mal ileum and distal I to 2 cm of the colon , Choose sites that 
will allow apposition without tension . Ligate and transect 
branches of the ileal artery and vein , ileocolic artery and 
vein , caudal mesenteric artery and vein f and cranial rectal 
artery and vein (see Fig , 21-105). 


Hydration should be maintained with intravenous or subcu¬ 
taneous fluids for 1 to 3 days after surgery, and analgesics 
should be given as necessary. Prophylactic antibiotics should 
be continued if gross abdominal contamination occurred or 
it the patient is extremely debilitated, Patients should be 
monitored frequently for signs of anastomotic leakage. Food 
may be offered within 24 hours of surgery, although 
anorexia may persist for 5 days or longer. Cyproheptadine 
(see Table 21-58) may be used to stimulate eating in some 
cats. It may be necessary to keep animals on a low-volume, 
high-caloric diet for 10 to 14 days. Liquid, tarry feces and 
tenesmus should be expected immediately after surgery. The 
character of the feces changes gradually from diarrhea to 


As an alternative, the ileocolic sphincter can be preserved; 
however, a tension-free apposition is more difficult to 
achieve if this is done. Ileocolic anastomosis is technically 
easier and allows removal of more colon. 
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Surgery of the Perineum 

Wectum , and Anus 


soft, formed stool in 80% of cats by 6 weeks after surgery. 
Semifarmed stools and, in rare cases, diarrhea persist in 

cats. The frequency of defecation usually increases 


> 


f 


some 

30% to 50% compared with normal cats; however, most cats 
are continent. The litter pan should be kepi clean to encour¬ 


age de fecatio n. 


GENERAL PRINCIPLES 

AN D TECHNIQUES 










Mk 


COMPLICATIONS 




Leakage, dehiscence, peritonitis, ischemic necrosis, stricture, 
and abscess formation are possible complications of subtotal 
colectomy. In some cases diarrhea persists, and in other cases 

Persistent diarrhea may be the result of 

bacterial overgrowth or hypersecretion in the small intes¬ 
tine, or it may be bile salt and fatty acid mediated. Treatment 
for persistent diarrhea includes antidiarrheal agents, a low- 
fat diet, oral antibiotics, and bile salt-binding agents. Con¬ 
stipation after subtotal colectomy often is controlled by di¬ 
etary management and stool softeners and occasionally by 
manual extraction. Cats with resistant postoperative consti¬ 
pation may benefit from repeat colectomy, but others are 

euthanized. 


DEFINITIONS 


Rectal resection is removal of a portion ol the terminal large 
intestine. Rectal pull-through is resection of the terminal 
colon or midrectum (or both) using an anal approach, with 
or without an abdominal approach- Anal sacculectomy is 

removal of one or both of the anal sacs. 


/ 


constipation recurs. 


PREOPERATIVE CONCERNS 


Rectal surgery usually is performed to resect masses 
functional bowel and to repair rectal prolapse, perforation, 
fistulae (Table 21-61). Perineal surgery is most often per¬ 
formed to treat perineal hernias, perianal fistulae, anal 
disease, tumors, rectovaginal or rectourethral fistulae, and 
Other traumatic or congenital anomalies (e.g 
anovaginal cleft). Scooting, anal licking, constipation, tenes¬ 
mus, and dyschezia are typical presenting complaints 
ated with perineal and rectal disease ( fable 21-62). Fresh 
blood may be seen in the feces or perianal region. Perianal 
tumors and perineal fistulae often cause perianal thickening 
and ulceration, whereas perineal swelling usually is 
ated with perineal hernias. Pelvic sacroiliac fractures and 
separations occasionally cause rectal perforation (fewer than 
1% of cases). Fresh blood and omentum may be found dur¬ 
ing rectal examination in animals with rectal laceration or 

perforation. 

Diagnosis of rectal, perianal, or perineal disease is prima¬ 
rily based on the history, clinical signs, physical examination, 

imaging (i.e 

phv [CT], magnetic resonance imaging [MRI]), en- 

examination. If impaired 


or non- 


or 


sac 




PROGNOSIS 


> 


atresia am, 


The long-term results of subtotal colectomy for idiopathic 
megacolon in cats usually are good to excellent. I he prog¬ 
nosis is fair to guarded without surgery. Medical manage¬ 
ment of chronic constipation is possible; however, the fre- 
q Lie ji cy of ene m as and t he n eed tor manual e vacu a t i o n o ft en 
become intolerable, prompting euthanasia. Dogs may not do 
as well with subtotal colectomy as cats. 
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radiology, ultrasonography, computed tomog- 


ra 


r 


doscopy, and histopathologic 
anorectal innervation is suspected, myelographic, manomet- 

and electrodiagnostic evaluations are required. Many 
conditions can be diagnosed on physical examination, and a 
thorough rectal examination is crucial (Table 21-63). Anes¬ 
thesia may be required for adequate rectal examination ot 
animals with pain. Visual inspection of the perineum may 
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TABLE 21-61 
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Possible Indications for Rectal, Anal, or Perineal Surgery 


h 


* Perianal Fistulae 

* Rectal ischemia 

* Recta! prolapse 

* Neoplasia 

* Fecal incontinence 


e 


* Diagnostic biopsy 

* Anal sac disease 

* Colonic obstruction 

* Perinea! hernia 

* Rectal perforation 
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TABLE 21-62 


Clinical Signs of Rectal, Anal, and Perineal Disease 


ANAL 

TUMOR 


ANAL 

SACCUUTI5 


PERINEAL 

HERNIA 


PERIANAL 

FISTULA 


RECTAL 

PROLAPSE 


FECAL 

INCONTINENCE 


Anal biting- or seeding 

Anal licking 
Tenesmus 

Thickening or swelling 

Constipation or 
obstipation 

Diarrhea 
Hemorrhage or 
hematochezio 

Mass 


-b 


+ 


+ 


+ 


+ 


+ 


+ 




+ 


¥ 


+ 




+ 




+ 


+ 


+ 


Pain or dyschezia 
Ulceration or Fistula 
Pelvic diaphragm 
weakness 

Diminished anal tone 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


-b 


+ 


+ 


Fecal incontinence 




+ 


Stricture 

Abnormal discharge 


Febrile 


”T" 


Inflammation 
Rectal prolapse 

Other 


+ 


+■ 


+ 


Hyper- 


Dermatitis, odor, Shock 


Self-trauma, 

hyperesthesia 

or paresthesia 


uremia 
stranguria, 
vomiting 


tail chasing 


l weight, 

i appetite, 
lethargy, poor 
hair coat 


calcemio 


, Present; — t absent; 


, may be present or absent 


nia. Hypercalcemia is common with some ana! sac tumors 

(see p, 425) and may be reduced preopera lively with fluids 
and diuretics (see p. 426). 

Rectal and perineal radiographs 

examination findings. If possible, the colon and 

should be evacuated with enemas, laxatives, or cathartics,or 

all of these, before radiographic studies. The rectum should 

size, location, and masses. Enlarged sub- 
lumbar lymph nodes suggest metastasis. The prostate may 
be enlarged and malpositioned. T he urinary bladder maybe 
identified within a perineal hernia. A perforated rectum may 
allow gas into the perineal, intrapelvic, or caudal retroperi¬ 
toneal soft tissues or into the peritoneal 
tesfinal barium studies (enema 


TABLE 21-63 


Abnormalities that May Re Noted During 
Rectal Examination 


may confirm the p hys i cal 

rectum 


Masses 

Strictures 

Perianal thickening 

Anal sac enlargement 


be evaluated for 


n 


Reduced sphincter tone 


Pelvic diaphrogm weakn 


Rectal deviation or sacculation 
Sublumbar lymph node enlargement 

Prosfatomegaly 

Pelvic canal distortion 

or irregularity of rectal 


cavity. Gas Unm¬ 
oral), urethrograms, and 
cystograms sometimes help evaluate patients with perineal 
hernias. In human beings, ultrasonography using a rectal 

accurate than a CT scan or MRI evaluation of 
rectal wall thickness and tumor depth (Sentovich et aL, 

1992). Aspirates and samples from ultra sound-guided biop¬ 
sies can be collected from rectal 


Thickening 


mucosa 


p ro be is m o re 


reveal unilateral or bilateral swelling, perianal masses, ulcer¬ 
ation, fistulae, fecal soiling, or prolapsed mucosa. 

The results of complete blood counts and serum bio¬ 
chemistry tests are nonspecific. Neoplastic masses may be 
sociated with hypercalcemia, anemia 


masses. Proctoscopy helps 
define rectal disease hut should be combined with 
colonoscopy because tumors and inflammatory di 
also affect the colon (see p. 118). Samples should be collected 
culture, cytologic study, and biopsy. Normal tissue 
should be biopsied in addition to thickened folds. 


as- 


sea se mav 


and other paraneo¬ 
plastic syndromes. Azotenua with or without hyperkalemia 

may occur with bladder entrapment caused by perineal her- 


masses, 
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strictures, or ulcers. Perforation is an uncommon complica¬ 
tion of proctoscopy. 

Preoperativc patient preparation is similar to that used 
before colon surgery (see p. 398). Warm compresses should 
be applied to inflamed or infected areas two or three times a 
day and stool softeners should be used if surgery is delayed 
(see Table 21-37), The locations of fistulae and tumors 
should be mapped before surgery. Unless the colon is perto- 
rated or obstructed, mechanical emptying and cleansing 
help reduce bacterial numbers. Rectal perforation should be 
corrected as soon as it is diagnosed. Minimally, in all patients 
the terminal rectum should be evacuated digitally just before 


TABLE 21-64 


Selected Anesthetic Protocols tor Use in Animals 

Undergoing Perineal, Rectal, or Anal Surgery 


Dogs 

Premeditation 

Atropine (0,02-0.04 mg/kg IV, IM, SC) or glycopyrrolote 
(0,005-0.01 1 mg/kg IV, IM, SC) plus butorphanol (0.2- 

0.4 mg/kg SC or IM) or buprenorphine (5-15 ng/kg 
IM) or oxymorphone [0.05-0.1 rng/kg SC or IM) 

Induction 

Thiopental (10-12 mg/kg) or propofol (4-6 mg/kg) 
administered IV to effect 

Maintenance 

Isoflurone or halothane 


surgery, while the patient is under anesthesia. Some surger- 

extensive rectal resection) require more complete 


ies (e.g 

patient preparation. It possible an elemental diet or a low- 
residue diet (e.g., hamburger and white rice) should he fed 
for 2 to 3 days before surgery. Food should be withheld 24 
hours before surgery in adult patients (4 to 8 hours in pedi¬ 
atric patients), but free access 
Bisacodyl, a stimulant laxative, facilitates colonic evacuation 
(see Table 21-57). Laxatives, cathartics, and warm water en- 

should be given 24 hours before surgery (see Table 


Cats 

Premedico tion 


to water should be allowed. 


Atropine [0.02-0.04 mg/kg IV, IM, SC) or glycopyrrolote 

[0.005-0.01 1 mg/kg IV, IM, SC) plus ketamine (5 

g/kg IM) plus butorphanol (0.2-0,4 mg/kg SC, IM) 


m 


etnas 

21-57)* Colyte or GoLytely should be administered orally by 
stomach tube 24 hours and 18 to 20 hours before surgery if 
the animal is not obstructed [see Table 21-52). Although 


Induction 


Diazepam [0.27 ma/kg] plus ketamine [5.5 mg/kg) 
combined and administered IV to effect or thiopental 
[10-12 mg/kg) or propofol [4-6 mg/kg) administered 
IV to effect or use mask or chamber induction 


these colonic lavage solutions work well, enemas facilitate 
complete cleansing. A warm water enema should be given 

10% povidone-iodine enema 


Maintenance 

Isoflurane, sevoflurane, or halothane 


the day before su rger y, and 
should be given 3 hours before surgery. Patients with peri¬ 
anal disease may be in too much pain to allow preoperative 

Furthermore, enemas may cause perforation or 
trauma, further deteriorating debilitated, anorexic patients. 
Enemas given any closer to surgery than 3 hours are 
traindicated because they liquefy intestinal contents and 

dissemination of contaminated material dur- 


IV Intravenous; IM, intramuscular; $C f subcutaneous. 


enemas. 


reducing the need for anesthetics. These patients 


posu re 

should be kept dry and warm. Opioid premedicants (e.g., 
butorphanol, oxymorphone, or buprenorphine) may also 
provide preoperative and postoperative analgesia. Ketamine 
gives poor visceral analgesia and should not be used alone 
for surgical procedures. It is also contraindicated in cats with 

renal dysfunction. 

If there are no contraindications (e.g., sepsis, bleeding 
diatheses, hypovolemia [for epidurals using local anesthet¬ 
ics] ), epidurals (see Chapter 12) may be used in dogs to sup¬ 
plement general anesthesia. Epidural anesthesia alone rarely 
is sufficient for surgery. If general anesthesia is not used, 

heavy sedation (he 
doses should be reduced if a spinal has been inadvertently 
performed, if the patient is pregnant or obese, or if there are 

space-occupying vertebral canal lesions, 
preferred over local anesthetic in epidurals because opioids 

sensory loss without motor block and do not promote 


con- 


may promote 

mg surgery. After large bowel evacuation using laxatives, 

cathartics, and/or enemas, feces may remain in a deviated or 
dilated rectal area and should be removed manually. 

After induction of anesthesia, a urinary catheter should 
be placed to aid intraoperative identification of the urethra; 
the rectum should be manually cleaned if necessary; and the 
anal sacs should be expressed. The entire perineum, from 
dorsal to the tailhead and including the ventral tail, should 
be dipped and aseptically prepared for surgery. II 
Iso to m y is planned, the ventral abdomen should also be 
dipped and prepared for aseptic surgery. 


I 


1 


Y 


y 


a ce- 


oxvmorphone) is needed. Epidural 


d 


al 


Opioids may be 


ANESTHETIC CONSIDERATIONS 


ai 


Anesthetic complications may arise from uncorrected hy¬ 
dration, electrolyte, or acid-base abnormalities. Nitrous ox¬ 
ide increases the volume of air trapped in body viscera and 
should be avoided inpatients with intestinal obstruction. At¬ 
ropine or glycopyr relate (Table 21-64) may prevent brady¬ 
cardia induced by visceral manipulation. Water evaporates 

quickly from exposed abdominal viscera, therefore 


if 


cause 

hypotension. Because local anesthetics in epidurals may 
cause hypotension, dehydration should be corrected before 

performing the procedure. 


L 


i- 


P* 


th 


ay 


ANTIBIOTICS 


ed 


more 

fluid administration should be increased to replace this loss. 
Hypothermia occurs because of vasodilation and visceral ex- 


The risk of infection after colorectal surgery is high. Al¬ 
though controversial, the use of antibiotics in 


ue 


colorectal 


es. 
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found in the columnar and intermediate zones. The outer¬ 
most (cutaneous) zone has very fine hairs hut appears as 
hairless skin. Sebaceous, circumanal, and apocrine sweat 
glands are found only in the cutaneous zone. The anus is the 
external opening of the anal canal. I 

The cranial rectal artery is a branch of the caudal mesen¬ 
teric artery and is the major blood supply to the rectum. 
Blood supply from the middle rectal artery (from the inter- I 
nal pudendal branch of the internal iliac artery) and caudal 
rectal artery (from the middle caudal branch of the median 
sacral artery or from the internal pudendal branch of the in- I 
ternal iliac artery) varies and is relatively insignificant. To I 
ensure an adequate anastomotic blood supply, the cranial I 
rectal artery in dogs should be preserved unless the in- 

lrape!vie rectum is resected (Goldsmid et ah, 1993). Lym¬ 
phatics from the anal canal and rectum drain cranially into 

the medial iliac lymph node. I 

The internal and external sphincter muscles surround the ] 
terminal rectum and anal canal to control defecation. The 
anal sacs lie between these two muscles on each side of the I 

p. 430). The internal anal sphincter is a caudal thick- I 

ening of the circular smooth muscle lining the anal canal. It 
is an involuntary smooth muscle that works with other mus- I 
cles of defecation to prevent indiscriminate defecation. It is I 
innervated by the parasympathetic branches of the pelvic I 

nerve (Si-S3), which are inhibitory. Motor fibers from the I 

hypogastric nerves are sympathetic to the internal anal I 
sphincter. The external anal sphincter is a large, dicumferen- 
tial band of skeletal (striated) muscle chiefly respocslble for 
fecal continence. It is wider dors ally than vent rally where its f 
fibers decussate and spread to insert on the urethra and N- I 
bospongiosus musde. The only vo 1 u ntary nerve supply to the L 

external anal sphincter comes from the caudal rectal I 
branches of the pudendal nerves. The blood supply to the ex- I 
ternal anal sphincter is from the perineal arteries. See p. 433 
for the surgical anatomy of the pelvic diaphragm. H 


urgery reduces morbidity and mortality associated with 
infection. Systemic perioperative antibiotics effective 
against gram-negative aerobes and anaerobes should be 
given (see Table 21-53). Recommended drugs include 
second-generation cephalosporins (i.e., cefmetazole, cefox¬ 
itin, cefotetan) given at the time of induction. Third- 
generation cephalosporins effective against gram-positive 
and gram-negative aerobes and some anaerobes are available 
but expensive. Gentamicin or amikacin plus ampicillin can 
be given intravenously at induction. Aminoglycosides (i.e., 
neomycin, kanamycin) and metronidazole can be given 
orally in combination beginning 24 hours before surgery 
Metronidazole is absorbed from the gastrointestinal tract 
and is effective against anaerobes. Aminoglycosides are ef¬ 
fective only against aerobic bacteria. Gastrointestinal ab¬ 
sorption of aminoglycosides is minimal in normal patients 
but can be substantial if the bowel is eroded or inflamed. The 
use of such nonabsorbable antibiotics has been linked with 
the emergence of resistant infections. A combination of 
neomycin and erythromycin can be given beginning 24 
hours before surgery to rapidly reduce aerobes and anaer¬ 
obes. Metronidazole combined with first-generation ceph¬ 
alosporins (cefazolin), aminoglycosides, or trimethoprim- 
sulfa also is useful (see Table 21-53), 


anus (see 


SURGICAL ANATOMY 


The rectum is the segment of large intestine coursing 
through the pelvic canal and ending at the anus. The col¬ 
orectal junction is difficult to identify. Landmarks used to es¬ 
timate the location of the colorectal junction include the pu¬ 
bic brim, pelvic inlet, seventh lumbar vertebra, 
seromuscular penetration point of the cranial rectal artery 
The cranial rectum is attached to the sacrum by the 
mesorectum. The mesa rectum does not cover the entire rec¬ 
tum; the terminal rectum is retroperitoneal. At the level ot 
the second caudal vertebra, the me so rectum reflects onto the 
sides of the pelvis as parietal peritoneum, forming a pararec¬ 
tal fossa on each side. The peritoneal reflection is cranial to 
the recto coccyge us muscles and contains the autonomic 
nerve fibers of the pelvic plexus that innervate the rectum. 

The pelvic plexus is paired, composed of parasym 
pelvic and sympathetic hypogastric nerves, and lies dorsal to 
the prostate in males (see p, 578). The caudal part of the rec¬ 
tum is supported by the levator ani muscles medially and 
coccygeus muscles laterally The external anal sphincter 
muscle demarcates the caudal limit of the rectum. 

The anal canal is a continuation of the rectum to the anus 

cm long. It is divided into three zones: the 
columnar zone, the intermediate zone, and the cutaneous 


NOTE • Fecal incontinence usually occurs 
than 4 cm or the final 1.5 cm of the terminal rectum 
are resected, if the perineal nerves are damaged, 
or if more than half the external anal sphincter is 

damaged. 


; t ic 




SURGICAL TECHNIQUES ■ 

Rectal Resection H 

The primary indication for rectal resection is to excise aneo- I 
plastic, necrotic, traumatized (e g., prolapse, fistula, or diver- fl 
ticulum), or st rictured segment of rect um. Other indications I 
include congenital anomalies and perforations or laeera- I 
tions. The rectum may be exposed using a ventral, dorsal, I 

rectal pull-through, lateral, or anal approach. The diseased 

rectum is resected, and the remaining rectum is re apposed to 
the rectum, colon, or ileum using the techniques described | 

for colectomy on p* 402. H 

Ventral approach. Lesions at the colorectal junction I 

a re res ected using this ap p ro ach. A ven t ra 1 a ppro ach to the 1 


and is only I to 2 


zone. The innermost (columnar ) zone has a series of longi¬ 
tudinal mucosal and submucosal ridges called anal columns 
or pillars. The pockets between these columns are the anal si- 

which extend caudally and end in blind pouches un¬ 


nuses 

der the anocutaneous line. The columnar zone varies from 3 


to 25 mm in length. The intermediate zone usually is less 
than 1 to 2 mm wide but forms a distinct, raised, circumfer¬ 
ential ridge called the anocutaneous line. Anal glands are 
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rectum must be accompanied by a pubic symphysiotomy or 
pubic osteotomy (Fig. 21-HI; also see p. 584) to gain access 
to the pelvic canal. Pubic symphysiotomy provides more 
limited exposure than pubic osteotomy 

For pubic symphysiotomy, incise the entire length of the ad¬ 
ductor aponeurosis. Divide the pubis and the ischium on the 
midline with on osteotome and mallet or an oscillating 
Separate the pubis and the ischium with a self-retaining re¬ 
tractor (e.g v pediatric Finochieito), 


sutures to further retract the mass or lesion if necessary (Fig, 
21-1 12, CJ, Use electrosurgery, laser, or scalpel incisions to 
remove masses. Make o partial thickness or full thickness in¬ 
cision , depending on malignancy and the need for wide bor- 
ders . Appose c u t edges wi th s imple in terrupted s utures [e. g 

3-0 or 4-0 polydioxanone , polyglyconate or poliglecaprone 

25; Fig . 21-112, Cj. Remove the stay sutures and allow the 
surgical site to retract within the pelvic canal. 

Rectal pull-through approach. The primary indica¬ 
tion for a rectal pull-through is to resect a distal colonic or 
midrectal lesion not approachable through the abdomen 
and too large or cranial for an anal approach. 

Position the animal in ventral recumbency with the hindquar- 

crcr 

cm or more \t possi- 

ble; Fig. 21*1 / 3, A). Using the stay sutures , apply caudal 
traction to the cranial rectum . Begin a full thickness > 360* 
degree incision through the rectum , leaving a L5-cm cuff of 
nondisensed rectal wall attached to the 
Place three or four stay sutures i 

the rectum by bluntly dissecting along the external wall (Fig. 
21-113 f BJ, Continue dissection as far cranially 

nial rectal artery if necessary 


V 








saw. 


Anal approach* An anal approach is suitable for exci¬ 
sion of small, non invasive, pedunculated polyps and broad- 
based rectal masses that can be exteriorized through the 
anus. Lesions involving the caudal rectum or anal canal can 
be exteriorized using this approach. Perforations of the ter¬ 
minal rectum may be apposed through this approach, al¬ 
though a lateral approach (see below) allows lavage and 
drainage of contaminated adjacent tissues. The mucocuta¬ 
neous junction and skin must be resected if they are dis¬ 
eased, but fecal incontinence is a common sequela. 


ters elevated. Evert the rectum with stay sutures placed 
nial to the mucocutaneous junction (1.5 




anus if possible. 
m the rectal cuff. Mobilize 


With the patient in ventral recumbency ; dilate the 
three or four stoy s utures placed through the mucocutaneous 
junction (Fig. 21-1 12, A and B), Evert the rectal wall by 

placing stay sutures (e.g., 3-0 nylon or other monofilament 
suture) in th e recta I m ucosa cran ial or cau da I to the 




anus 


as 


era- 


If dissection occurs cranial to the second caudal vertebra, 
the peritoneal cavity will be entered. 


mass or 

lesion one/ applying caudal traction. Place additional stay 
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PIG 21-1 11 

For a ventral rectal approach, extend the ventral celiotomy incision over the symphysis of 
the pelvis. Incise and elevate the aponeurosis of the adductor and gracilis muscles., Predrill 
holes on each side of the proposed osteotomy sites. Perform a pubic osteotomy at sites 
/ and 2 to expose the entire infrapelvic rectum. Perform an osteotomy at sites / and 3 
if exposure of the caudal intrapelvic rectum Is unnecessary 
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FIG 21-112 

Anal approach to the rectum, A, Place the patient in a perinea! position, B, Place stay 

sutures around the anus to dilate it and expose the lesion, C, Place additional stay sutures 

near the lesion and apply caudal traction to exteriorize it. D, Resect the mass and suture 
the defect 


w 


Ligate or coagulate rectal vessels as 


of 


A Swenson's pull-through is performed when disease ex 
tends into the colon. 


en co un - 

tered . if the lesion is diffuse, split the rectum longitudinally 

until normal tissue is identified (Fig r 21-113 , C j. Transect the 
dis ea seel rectum i n s tages with 1 to 2 cm of norm al tis s a t 
each end. Transect one fourth to one third of the circum fer¬ 


al: 


For th is procedu re, pos hti on the pat / ent in dor so t recu 
that both a ventral abdominal and an anal approach may 
be used , Transect the colon proximal to the mass. Oversew 
the ends of the colon and rectum. ] 




ence and then appose the cranial end of the rectum to th 
caudal rectal cuff with simple interrupted sutures (e.g., 3-0 
or 4-0 polydioxanone, polyglyconate, or poliglecaprone 25; 
Fig, 21-1 13, Cj. Continue transecting and opposing until all 
diseased tissue has been excised. 


e 


oa 


Linear cutting or transverse stapling instruments maybe 
used to reappose the colon and rectum. 

Ligate the vessels supplying the distal colon and redvm(ss& 
p- 403). Place stay sutures th rough the end of the remaining 
colon or ileum and rectum. Grasp the sutures with 
transanally placed forceps and evert the rectum through Ae 
anus * Advance the colon or ileum through the pelvic canal 


2 \ 


NOTE * Some surgeons prefer a two-layer closure; 
first appose the seromuscular layer and then the 
mucosal-submucosal layer. 


ac 


or 


ms 
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Rectal 








Diseased rectum 


is incised 


dorsaify 


























t 


FIG 21-1 12 

RectaJ pull-through procedure. A, Evert the rectal wall through the anus with stay sutures. 
Make a full thickness incision through the rectal wait preserving a 1,5-cm cuff of distal rec¬ 
tum. B, Mobilize the rectum by dissecting directly against the rectal wall to separate it from 
the external anal sphincter and surrounding tissue. C, Pull the mobilized rectum caudallv 
and incise longitudinally to normal tissue. D, Appose the cut edge of the normal cranial 
rectum to the preserved rectal cuff with simple interrupted sutures. 










with stay sutures. Resect the lesion and anastomose the end 
or the colon or ileum to the terminal rectum os described 
above. Gently replace the intestine into the pelvic canal [ 


cles near their origin on the rectal wo// or their insertion on 
the caudal vertebrae (Fig. 21-1 14, BJ. Elevate the external 
anal sphincter and caudal edge of the levator ani to the 
level of the caudal rectal nerve , For more cranial rectal re ¬ 








sections, partly transect the levator ani rr 
sary. Position a self-retaining retractor (i,e, f Gelpi or Wait- 
loner) to improve visualization if necessary. Gently retract 
the rectum coudolly and mobilize the rectum cranially to 
normal bowel. Repair the lacerated rectum or resect th 
diseased bowel. Ligate or cauterize vessels to the diseased 
bowel. Place stay sutures in the cranial bowel before fran- 


Dorsal approach. A dorsal approach is used if the le¬ 
sion involves the caudal or middle rectum and not the anal 
canal. 














Position /he patient in ventral recumbency with the pelvis el¬ 
evated and the tail fixed over the back , Pad the cranial 
pect of the hmdlimbs fo prevent pressure 
nerves. Mate a curvilinear incision from one ischiatic 






e 




as- 




the femora/ 


on 


section. Appose the bowel ends with interrupted opposi 


tuberosity to the other , curving dorsal to the 


tiona! sutures (e.g., 3-0 or 4-0 polydioxanone, polygly 


(Fig- 


anus 


2hll4, A ) t incise the subcutaneous fat and perineal fas 


conote, or poliglecaprone 25; Fig. 21-114, C) 




or 


on 


cio. Locate the rectum, external anal sphincter; levator 


end-to-end stapling device (see p. 403). Re appose the 


■i 


/ 


ana' coccygeus muscles laterally and the recfococcygeus 


transected fevator oni muscle with oppositional cruciate 


or 


muscles dorsal!y. Transect the paired rectococcygeus 


ma tires s sutu res. 


mus- 








































422 


PART III Soft T'issu e Su rge ry 


















t 




K 


. ih 4 - fc riu _ 

* ^ , v *1 4 *. -I5WS 

. j * . -p 

4 ■» . 

- * 




i 












■ 




. 










j 




\ 














L 




b-% 




AS 




. * J 5 . 


4 4 -'^ 


*• * 






.>> s 


. Vf 


r 


€ 
































> 








-a 1 .* - 

iS 




5 .$ 








r 




' m 5PBT 


























\ 


v'&fy 




»Ti 






1 




















; 












- II 1 










if 

* / 4 






.2 














i 


i ** 






A 


9‘*.* 






' 




































L ■ 










•3B 

V - 












VVAfiy 


Rectococcygeus 
muscle 

transected 










i 


■f > 




■ 






- 




,-Tk 




-■ 






v 1 . 


•J 




l‘ 


kf A 














if 








■ 


A 




\ 






% 












T jt’ 




fFZ* 








- 

•“XI 
















M 










h 








- 




■ 






t 






•» 




"*. 












* 


1 


, r, v 

4 r I 








A 
















St B u 














*m n ?y- j "v * 

M 4 ’ B 

». r-e 




Rectum 
























































N 


B / 


Coccygeus 

muscle 


K 


■ 


:■ 


/ 


Levator ani 
muscles 
partially 

severed 


/ 




■■ 


t 




i 


External anal 
sp h i note r 












M 


I 








I 




1 


YU 


A 


FIG 21-114 

Dorsal rectal approach. A, Make a curvilinear incision from one ischial tuberosity to the 

anus. B, identify the rectococcygeus, levator ani, and 
coccygeus muscles. C , Transect the rectococcygeus muscle and partly incise the levator 
ani* Resect the diseased rectum and appose the ends with a suture triangulation technique 
or end-to-end stapling instrument. 


n: 


other, curving dorsally to the 


cl 


ci 


■ 

tl 






anus (Fig, 21 - 1 15, AT Incise the subcutaneous tissues to ex¬ 
pose the pelvic diaphragm. Separate the fascia between the 
external anal sphincter and the levator ani muscle. Preserve 
the caudal rectal nerve to the external anal sphincter (Fig. 
21-115, B T Repo ir the Iaceration with a one - or two - /oyer 
closure using simple interrupted sutures (e.g. f 3-0 or 4*0 
polydioxanone , polyglyconate , or poliglecaprone 25}. Thor¬ 
oughly lavage the area and place a Penrose or closed suc¬ 
tion drain if soft tissues were contaminated with feces . Resed 
diverticula with a linear stapling device. Reappose the exter¬ 
nal anal sphincter and levator ani muscles with interrupted' 
oppositional sutures. Place additional sutures between the 
externa! anal sphincter and internal obturator 

fascial plane is disrupted Close the subcutaneous tissues 
and skin routine//. 

Anal Sacculectomy 

Anal sacculectomy is performed to remove chronically in¬ 
fected or impacted anal sacs, anal sac fistulae, or neoplasia. 


Some surgeons reattach the rectococcygeus muscles and 
external anal sphincter to the rectal wall* 


Thoroughly lavage the area and place drains if significant 
contamination has occurred * 


H 


R 




Placement of a drain against the anastomotic site may 
cause dehiscence. 


a 




b 


si 


Separate// appose the subcutaneous tissue and skin with 
continuous or interrupted sutures of 3 0 or 4-0 polydiox¬ 
anone and 3-0 or 4-0 nylon or polypropylene, respective//. 


- 


ir 


h 




s 


j 


i 




s 


Lateral approach. The lateral approach limits expo¬ 
sure to one side of the rectum and maybe suitable for repair 
of lacerations or resection of a diverticulum. 


Tj 


# 


n 


r* 


Make a curvilinear incision 1 to 3 cm lateral to the anus ; be 
ginning dorsal to the tail head and extending ventral to the 


B 




r> 
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FIG 21-1 IS 

Lateral rectal approach. A, Make an incision 1 to 3 cm 
internal pudenda! artery and vein and pudendal nerve crossing 
muscle. Note the caudal rectal nerve to the external anal sphincter. Separate the rasaa 
between the external ana! sphincter and levator ani muscles to expose the lateral aspecl 


lateral to the anus. B, Identify the 

the internal obturator 


of the rectum. 


cated fo r dis section. Pen rose or c 1 os ed s u ct io n dr ain s a re us ed 
contaminated areas. Other special instruments or equip¬ 
ment that may be necessary for rectal or perianal surgery in¬ 
clude a probe or groove director, fulguration unit, laser unit, 

silicone elastomer, and surgical stapling equipment. 

monofilament, synthetic ab- 


Meticulous dissection is required to prevent fecal inconti- 

by preserving the anal sphincter muscles and nerves. 
A dosed or open technique may be used. The closed tech¬ 
nique is preferred because the external anal sphincter mus¬ 
cle is not transected, and the lumen of the anal sac remains 
dosed, preventing contact between secretions and adjacent 
tissues. See p, 430 for a description of open and closed anal 

saceulectomy techniques. 


nenre 


For optimal healing, 
sorbable suture (e.g., polydioxanone, polyglyconate) and ap- 

L simple interrupted, Gam- 

imple continuous) should be used ior 


a 


proximating suture patterns {i.e. 
bee, crushing 

rectoanal surgery. A monofilament, nonabsorbable suture 
(e.g., polypropylene, polybutester, or 
suture material (e.g., polydioxanone, 
poliglecaprone 25) maybe used for herniorrhaphy. 


, or si 


i 




NOTE * Perform a histopathologic examination 
rule out anal sac tumors. 


nylon) or absorbable 
polyglyconate, or 


HEALING OF THE RECTUM 


POSTOPERATIVE CARE 
AND ASSESSMENT 


factors that affect 


Rectal healing is affected by the same 
colonic healing (see p. 406). Optimal healing requires a good 
blood supply, accurate mucosal apposition, and minimal 
surgical trauma. Systemic factors that may delay healing and 

the risk of dehiscence include hypovolemia, shock, 


Postoperative care is individualized lor the patient. The ani¬ 
mal should be observed closely during recovery for vomit- 
Analgesics (see Table 21-4) should be given as necessary. 
Hydration should be maintained with intravenous 
til the patient is eating and drinking normally, and elec¬ 
trolyte and acid-base abnormalities have been corrected. 
Ileus may be minimized by encouraging early ambulation 
and eating. An Elizabethan collar, bucket, or sidebars should 
be used to protect the surgical site. Purse-string sutures 
should be removed immediately or within 2 to 3 days after 

Prophylactic antibiotics generally can be discontin- 


ing. 


increase 

hvpGproteineniia, debilitation, and infection. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


general pack, abdominal (i.e., Balfour), per- 


in addition to a 

meal (e.g., Gdpi), and pelvic (e.g., Finochietto) retractors are 
recommended to aid in exposing the surgical field. Doyen, 
Babcock, and Carmalt forceps may be needed to occlude or 
retract the intestine, Metzenbaum and iris scissors are 


surgery. 

ued 2 to 4 hours postoperatively; however, they should be 


indi- 
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continued it contamination has occurred (see above under 
Antibiotics), 

If vomiting does not occur, water should be offered 8 to 12 
hours postoperatively. A stool softener should be given when 
oral intake begins (see Table 21-57) and should be continued 
for 2 weeks or as needed. After rectal surgery a bland, low-fat 
tood (i/d [Hill's Pet Products] or boiled rice, potatoes, and 
pasta combined with boiled, skinless chicken, yogurt, or tow- 
fat cottage cheese) should be fed three or four times daily. The 
animal's normal diet should be gradually reintroduced begin¬ 
ning 48 to 72 hours after surgery. Animals having perinea] sur¬ 
gery may resume their normal diet with the first feeding. De¬ 
bilitated animals may require enteral or parenteral nutrition. 

Warm compresses should be applied two or three times 
daily for 15 to 20 minutes to minimize postoperative 
swelling after perianal or perineal surgery. Redness and pain 
at the incisional site may indicate early infection. Anal 
sphincter function, continence, perineal swelling, and 
drainage should be assessed daily The presence or absence of 
fecal blood (and its color and consistency if present) should 
be noted. Increased frequency of defecation may occur after 
major colorectal resections. Perianal and perineal area 
geries are predisposed to infection because of the high 
bacterial numbers in these areas. Depression, high fever, ab¬ 
dominal tenderness, vomiting, ileus, or perineal inflamma¬ 
tion may indicate infection or peritonitis. If peritonitis is 
suspected, abdominocentesis or diagnostic peritoneal lavage 
(see p. 272), a chemistry profile, and a complete blood cell 
count should be performed and antibiotic and fluid therapy 
initiated. If toxic neutrophils with engulfed bacteria or intes¬ 
tinal debris are present, the abdomen should be explored. 
Aggressive treatment of generalized peritonitis by open peri¬ 
toneal drainage (see p. 272) may be necessary 


loss of rectal afferent nerves or from disruption of the pelvic 
plexus at the peritoneal reflection. Removal of the distal [.5 
cm of rectum may cause tecal incontinence even if the ex¬ 
ternal anal sphincter is preserved. Fecal incontinence is un¬ 
common when 4 cm or less of the rectum is resected, pre¬ 
serving the terminal rectal cuff. Longer rectal resections :6 
cm or longer) disrupt the peritoneal reflection and fre¬ 
quently result in incontinence. Other possible complica¬ 
tions are rectal prolapse, perirectal abscesses, dehiscence, 
and stenosis. 

Significant strictures occur more commonly after rectal 
resection than colonic resection, probably because of exces¬ 
sive tension at the resection site. These strictures usually can 
be managed by incision with an electrosurgical tip or laser or 
by balloon dilation. If these techniques do not alleviate ob¬ 
struction, surgical resection may be required. Anal stricture 
is a complication of anal sac disease, perianal fistula, neopla¬ 
sia, and surgical or nonsurgical trauma. It may be treated by 
anoplasty, balloon dilation, incision with electrosurgery, 
laser, or scalpel, or resection. 


SPECIAL AGE CONSIDERATIONS 


s u r- 


Young animals may have a congenital abnormality such as 
anal atresia, or imperforate anus. Neoplasia is more com- I 
mon in older animals. I 


Reference 


Goidsttiid SE et al: Colorectal blood supply in dogs, Am j Veffc 


54:1948, 1993. 


Sentovich SM et al: Trans rectal ultrasound of rectal tumors, Arn/ 


Surg 166:638, 1992. 


Suggeste d reading 

Decn K1 et al: Anal sphincter defects: correlation between cndoanjl 
ultrasound and surgery, Ann Surg 218:201, 1993. 


COMPLICATIONS 


Numerous complications are possible after rectoanal, peri¬ 
anal, and perineal surgery (Table 21-65). Postoperative 
tenesmus, hematochezia, and fecal incontinence 


are com¬ 
mon. Postoperative tenesmus and hematochezia should 

solve in most animals after suture removal or absorption. 
Incontinence with extensive rectal resection results from 




SPECIFIC DISEASES 


re- 






ANAL NEOPLASIA 


DEFINITION 


TABLE 21 ’65 


Perianal glands are modified sebaceous glands. 


Possible Complications of Perianal and Rectal Surgery 


SYNONYMS 


{ 


* Recurrence 

* Metastasis 

* Ne rve damage (pudendal 
sciatic, femoral) 

* Urethral obstruction 

* Stranguria 

* Dysuria 

* Urinary incontinence 

* Bladder atony 

* Death 


Perianal gland adenomas are 
and hepatoid tumors; anal 
ap ocri ? i e gla nd tu m o rs. 


called circumanal tunm 
sac tumors are also known .u 


■ Dehiscence 
* Tenesmus 


p ro l a pse 


* Dyschezia 

* Hematochezia 

* Temporary or permanent 

incontinence 

* Anal stricture 

* Flatulence 

* Hemorrhage 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


The most common perianal tumors are adenomas and car¬ 
cinomas of the perianal and apocrine glands. Apocrine 
gland tumors usually involve the anal sacs. Perianal glands 
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are located primarily around the anus and base of the tail; 
however, they are also found in the thigh, prepuce, and dor¬ 
sal and ventral midline from the base of the skull to the um¬ 
bilicus. Perianal tumors may occur at any of these locations. 
The most common malignant tumors are perianal gland 
adenocarcinomas and apocrine gland adenocarcinomas. 
Other common tumors are listed in Table 21-66. 

Perianal adenomas are the most common canine peri¬ 
anal tumors (80%). They are the third most frequent tu¬ 
mor in male dogs. They occur 12 times more often in in¬ 
tact males than in intact females and are more common in 
ovariohysterectomized females than in intact females. 
I hey are hormone dependent and usually diminish in size 
after castration. They may be single or multiple and usu¬ 
ally are small, raised, firm, and well circumscribed; how¬ 
ever, some are large and ulcerated. Many dogs with peri¬ 
anal adenomas also have testicular interstitial cell tumors 

{see p. 660) . 

Perianal gland adenocarcinomas cannot be grossly differ¬ 
entiated from adenomas. They usually are solitary, ulcerated, 
and locally invasive and can he confused with perianal fist Li¬ 
ke or ruptured anal sacs. These tumors are not hormone re¬ 
sponsive. Both primary and metastatic sites grow more 
slowly than many other malignancies. They usually metasta¬ 
size to the intrapelvic and suhlumbar lymph nodes. Other 
metastatic sites include the liver, lungs, kidneys, spleen, 
bone, and abdominal lymph nodes. 

Anal sac apocrine gland adenocarcinomas (anal sac ade¬ 
nocarcinoma, apocrine gland adenocarcinoma) arise in the 
anal sac. Most patients have unilateral tumors, but bilateral 
involvement occurs. These tumors can have parathyroid 
hormone-like activity, causing hypercalcemia, polyuria, and 
polydipsia. Initially, anal sac adenocarcinomas grow slowly 
and are confined to the a na 1 sac; h oweve r, inv as io n into s u r - 
rounding tissues, the rectum, and the pelvic canal occurs 
with continued growth. Most show evidence of stromal and 
lymphatic invasion. Metastasis to the iliac, sacral, and sub- 
lumbar lymph nodes may occur. Distant metastasis may de¬ 
velop in any organ, although the lungs, liver, and spleen are 
the mo s t co m mon sites, 


NOTE • Suspect perianal gland adenomas in male 
dogs. Suspect anat sac adenocarcinomas in intact fe¬ 
male dogs, particularly if the dog is hypercalcemia. 


Anal squamous cell carcinomas arise from the anocuta¬ 
neous line. They are typically malignant and metastasize 
quickly. Extensive fistula or mucosal-cutaneous, ulcer like le¬ 
sions occur and often are covered with mucus. Anal function 

is impaired, and pain, tenesmus, and hemorrhage are typi¬ 
cal, The prognosis is grave because of their malignant na¬ 
ture. Treatment often is discouraged. 

DIAGNOSIS 

Clinical Presentation 

Signalment, Perianal tumors are common in middle- 
aged or older male dogs but rare in females. The mean age 
for anal sac apocrine gland adenocarcinoma is 10,8 years 
(Ro ss e t aL, 1991). Ade n o m as a re more p re val e n t in co cker 
spaniels, beagles, bulldogs, and Samoyeds. Cats do not have 
perianal or circumanal glands. Apocrine gland adenocarci¬ 
nomas usually occur in dogs, especially old, ovariohysterec¬ 
tomized females. 

History. Tumors in the perianal region cause irritation, 
with subsequent licking, scooting, and tenesmus. Continued 
grow th of the tumor or excoriation of the thin perianal skin 
causes mild hemorrhage, which may be noted in the feces or 
where the animal sits. Constipation, obstipation, and 
dyschezia may occur with large, invasive tumors. Some tu¬ 
mors are asymptomatic and found incidentally on a physical 
examination. Benign tumors usually are slow growing and 
painless. Malignant tumors usually are fast growing, firm, 
and invasive and are commonly ulcerated. Perianal tumors 
castrated males should be considered malignant until 
proven otherwise. Paraneoplastic hypercalcemia is common 
with anal sac adenocarcinomas (Table 21-67). Fecal inconti¬ 
nence may occur with aggressive tumors. Other signs that 
may be associated with metastatic lesions are chronic cough, 
limb edema, and urethral and rectal obstruction. 

Physical Examination Findings 

Multiple perianal masses often are identified around the cir¬ 
cumference of the anus in the hairless area. They may vary in 


/ 


d 


m 


M\ TABLE 21-66 


Common Tumors of the Perianal Region 


(D 


TABLE 21-67 


>rs 


1 Perianal gland adenoma 
■ Perianal gland adenocarcinoma 

* Apocrine gland adenocarcinoma 

* Lipoma 

* Leiomyoma 

* Squamous cell carcinoma 

* Melanoma 
1 Lymphoma 

* Mast cell tumor 

* Miscellaneous skin tumors 


as 


Signs of Hypercalcemia 


Anorexia 
Weight loss 
Vomiting 
Polyuria 
Polydipsia 

Muscle weakness 

Constipation 


ar- 


me 


ids 
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DIFFERENTIAL DIAGNOSIS 


size and may be covered with epithelium or ulcerated, fri¬ 
able, and broad based (Fig, 21-116)* Most adenomas are well 
circumscribed, whereas carcinomas are invasive. Careful pal¬ 
pation of the perianal tissues during rectal examination of¬ 
ten identifies masses that are difficult to visually differentiate 

/ 

from normal perianal tissue, Anal sac tumors are not always 
obvious when the anal sacs are palpated. 


Differential diagnoses of anal and perianal irritation include 
anal sacculitis, dermatitis, endoparasites, perianal fistula, or 
tumors. Differential diagnoses for perianal swelling include 
perineal hernia, perianal neoplasia, perianal gland hyperpla¬ 
sia, anal sacculitis, anal sac neoplasia, atresia ani, rectal 
pythiosis, and vaginal tumors* Differential diagnoses for 
dyschezia include rectal foreign body, perineal hernia, peri¬ 
anal fistula, anal stricture, rectal stricture, anal sac abscess, 
rectal or anal neoplasia, anal trauma, anal dermatitis, 
anorectal prolapse, inflammatory bowel disease, histoplas¬ 
mosis, and pythiosis. 


i 


1 


F 


c 


jJ 


E 


NOTE • Check the sublumbar and other regional 
lymph nodes For enlargement and asymmetry. 


c 


Radiography arid Ultrasonography 

Radiographs of the abdomen and thorax help stage the disease, 

F. n I a rged s ub 1 u in bar lv m ph n odes suggest m etast asis. Abdo rn - 
inal ultrasonography allows evaluation of the lymph nodes. 

Laboratory Findings 

Cytologic studies help, but histologic examination is neces¬ 
sary to differentiate perianal adenomas from carcinomas* 
However, it can be difficult to distinguish between benign 
and malignant tumors, even with histopathologic examina¬ 
tion, Anal sac tumors often cause hypercalcemia and renal 
dysfunction. Some hypercakemic patients are also hy¬ 
po phosphatemic. 


MEDICAL MANAGEMENT 


E 


Some perianal tumors respond to chemotherapy or radia¬ 
tion therapy, but reports documenting the effectiveness of 
these treatments are lacking. Perianal gland adenomas may 
shrink after a short course of diethylstilbestrol (Table 21-68). 
Radiation therapy or chemotherapy is recommended for 
non resectable malignancies. Vincristine, doxorubicin, and 
cyclophosphamide (VAC) or rnelphalan have also been rec¬ 
ommended* Radiation or chemotherapy may convert a mar¬ 
ginally operable tumor to an operable tumor* 


t 


i 


SURGICAL TREATMENT 


Surgical excision is the treatment of choice for perianal tu¬ 
mors. Generally, perianal masses that do not involve the anal 
sacs are perianal adenomas, therefore castration and resec¬ 
tion of small masses or biopsy of multiple or large masses is 
recommended. Patients should he reevaluated 4 to 6 weeks 
after castration and biopsy. Adenomas will be smaller at this 

time and generally can be resected with less trauma to the 
external anal sphincter. Some adenomas regress completely 
after castration. If malignancy is identified histologically, 
wide resection should be promptly performed* 


I 


A 


Preoperafive Management 

Fluid, electrolyte, and acid-base abnormalities should he cor¬ 
rected before surgery* Perioperative antibiotics are indicated 
in old or debilitated patients. The antibiotics should be given 
intravenously at induction of anesthesia and discontinued 
within 12 to 24 hours of surgery. Enemas should not be ad¬ 
ministered on the day of surgery, because they may increase 
contamination of the surgical site. Remaining feces may be 
removed manually after induction but before preparing the 
animal for aseptic surgery. Mildly to moderately hypercal- 
cemic animals should first be rehydrated and diuresed with a 
physiologic saline solution. If they are urinating appropri¬ 
ately, furosemide and prednisone (Table 21-69) may be given. 


B 


<» 


| TABLE 21-68 


DiethvlstilbestroL Administ ration 

4 


FIG 21-1 16 

Perianal tumors. A, A single tumor with partially intact 
epithelium. B, Multiple ulcerated perianal tumors* 


0.5-1 mg daily for 2 to 3 weeks 
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may help control hyper 


with anal sac adenocarcinomas 
calcemia. 


Severely affected animals may also be treated with alkal ink¬ 
ing agents (e.g., sodium bicarbonate) and bone resorption 
inhibitors (i,e„ etidronate disodium or salmon calcitonin). 
The effectiveness and dose of etidronate disodium are un¬ 
proven in dogs; it should be used with caution. Peritoneal 
dialysis may be performed in oliguric patients. 

Anesthesia 

Patients with perianal tumors may be old and debilitated 
and may have other serious medical problems requiring spe¬ 
cial care during anesthesia. Anesthetic recommendations for 
animals undergoing perianal surgery are given on p. 417. An 
antihistamine (e.g., diphenhydramine [Benadryl]; 0.5 mg/kg 
given intravenously) should be administered to patients with 
mast cell tumors before surgery to reduce the effects of tu¬ 
mor histamine release. The antihistamine may be given in¬ 
travenously immediately before surgery but should be ad¬ 
ministered extremely slowly to prevent hypotension. As an 
alternative, it may be administered intramuscularly 30 min¬ 
utes before induction of anesthesia. 


Begin by performing a prescrotal or caudal castration on in - 
tact male dogs with perianal adenomas (see p. 619 ) . Incise 
the perianal skin surrounding perianal adenomas with min¬ 
imal margins of normal tissue . Dissect the tumor from the 
subcutaneous tissues and the externa! anal sphincter with 
minimal trauma. Thoroughly lavage the area. Close dead 

space with monofilament, absorbable suture (e.g r/ 3 0 
4-0 polydioxanone f polyglyconote, or poliglecaprone 25) 
and close the skin with interrupted oppositional sutures (e g., 
monofilament, 3-0 or 4-0 nylon, polybutester, or polypropy¬ 
lene). Submit the excised mosses and testicles for histologic 
evaluation , 

Resect malignant tumors with a minimum of I cm of nor¬ 
mal tissue on all borders (Fig. 21-1 17). This includes partial 


or 


advancement 


Surgical Anatomy 

The anatomy of the rectum and perianal region is presented 
o n p. 418 . Cats do not have periana 1 or drcumanal glands. 

Positioning 

Position the patient in ventral (preferred) or 
bertcy to allow access to the tumors and scrotal region. Fix 
the tail over the back, elevate the pelvis, and pad the hindlegs 
when using a perineal position. 


r ec u m - 


SURGICAL TECHNIQUE 


Removal of one half of the anal sphincter is possible, with 
some return of fecal continence within a few weeks. Resec¬ 
tion of metastatic sites (e.g*, lymph nodes) from patients 


TABLE 21-69 


Pedicle 


Treatment of Hypercalcemia 


Fu ro seitiide (Lasix) 


■ 1 ■ 1 

u h 1 1 

h i i 


2-4 mg/kg IV, PO, SC, bid to tid 


Pedicle 


B 


advancement 


Prednisone 


1-2 mg/kg IV, PO, SC, bid 


Defect 


Sodium Bicarbonate 


0.5-2 mEq/kg given in IV fluids (check blood gas value 


first) 


Etidronate Disodium (Didrone!) 


Dogs: 5 mg/kg/day PO 
Cats: 10 mg/kg/day PO 


Salmon Calcitonin 


4 U/kg IV; then 4-8 U/kg SC, sid to bid 


FIG 21-117 

Resect perianal masses with involved muscle. To help prevent 
anal stenosis, close large defects in the sphincter with (A) a 
sliding advancement flap or (B) a local pedicle flap. 


IV. Intravenous; PO, oral; SC, subcutaneous; hid, twice a day; tid, 
three limes a day; $id f once a day. 
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Anal sac adenocarcinomas in female dogs warrant a poor 
prognosis because they frequently have spread locally and to 
lymph nodes by the time at diagnosis. Recurrent hypercal¬ 
cemia suggests recurrence or metastasis. Of ! I dogs with 
metastasis at the time of surgery a mean survival of 9.9 
months (median, 6 months; range, 1.5 to 39 months) 
ported (Ross et al., 1991), Ten dogs in the same study that 
did not have detectable metastasis before surgery had a mean 
survival of 15,8 months (median, 15.5 months; range, 3 to 35 

months). The prognosis for anal squamous ceil carcinoma is 
grave with or without surgery. 

Reference 

Ross rr et al: Adenocarcinoma of the apocrine glands of the anal 

sac in dogs: a review of 32 cases, / Am Anim Hasp Assoc 27:349, 
1991. 


TABLE 21-70 


Possible Complications of Surgery for Perianal Tumors 


* Infection 

* Dehiscence 

* Tenesmus 

* Rectal prolapse 

* Dyschezia 

* Hemafochezia 


* Temporary or permanent 

incontinence 

* Ana! stricture 

* Tumor recurrence 

* Metastasis 


was re- 


resedton of the externa! ana! sphincter, anal canal, and anal 

Appose the epithelial edges to prevent 


sacs in some cases . 
anal stricture , 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Suggested reading 

Sentovich SM et al: Trans rectal ultrasound of rectal tumors. Am / 
Burg 166:638,1992. 


Give systemic analgesics (see Table 21-4) as necessary lor 

pain. Hypercalcemia should be treated until the serum cal¬ 
cium level is normal. Most animals 

within 24 hours of primary tumor resection; however, 
become hypocalcemic. The perianal area should be kept 
clean, and an Elizabethan collar or similar restraint device 
should be used to prevent the patient from licking at surgi¬ 
cal sites. Animals that are not vomiting may receive water 
and food within 8 to 12 hours alter surgery. A stool softener 
may be added to the food for 2 to 3 weeks (see Table 21-57). 
Chemotherapy may slow recurrence and metastatic tumor 
growth, but its efficacy is unknown. The rectum and perianal 
area should be palpated tor evidence of stricture or tumor 
recurrence when the sutures are removed at 7 to 10 days. Pa¬ 
tients with malignancies should be reevaluated for 
rence or 

Rectal palpation, measurement of serum calcium values, and 
abdominal radiography or 

during reevaluation. Recurrence of malignant tumors often 
is detected by 3 months after surgery. Possible complications 
of perianal surgery are listed in Table 21-70. 


a re n o r mo calc em i c 


some 


ANAL SAC INFECTION AND IMPACTION 


DEFINITION 


Anal sac impaction is an abnormal accumulation of anal sac 
secretions that occurs secondary to inflammation, infection, 
or obstruction of the duct. 


SYNONYMS 


: 


Anal sacculitis or anal abscess; anal sacs sometimes 
neously referred to as anal glands. 


are erro- 


recur- 


metastasis at 2, 4, and 6 months and then yearly. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


t 


ultrasonography are indicated 


i 


Anal sac diseases include impaction, infection, abscessafion, 
and neoplasia. The anal sacs are a modified adnexal skin 
structure. They are paired, lying between the fibers of the 
anal sphincter, and are lined by squamous epithelium with 
modified apocrine and sebaceous glands. They 
reservoirs for their malodorous, pastelike secretions. The 

cretions are expelled through the ducts during normal defe¬ 
cation and extreme excitement. Forceful contractions of the 
sphincter are necessary for anal sac emptying. 

Anal sacculitis is common, affecting approximately 10% 
of dogs, and usually is caused by infection or duct obstruc¬ 
tion. Ductal obstruction leads to bacterial overgrowth, infec¬ 
tion, and inflammation. Inflammation enhances secretions, 
w bich serve as an ideal medium for bacterial growth Secre¬ 
tions continue to accumulate despite ductal obstruction, and 
the sacs become impacted and eventually rupture. Disten¬ 
tion causes pain. Chronic ftstulation may result if infection 
or duct obstruction persists. Anal sacculitis also 
out duct obstruction. In these cases hypersecretion 


1 


PROGNOSIS 


Prolonged estrogen therapy is not recommended because of 
its myelotoxic and temporary effects. Radiation therapy is an 
option, but surgery is less expensive, faster, and safer. The 
prognosis after surgery is good for benign perianal tumors 
but guarded to poor for malignant tumors, although 
malignant tumors may be slow growing and late to metasta¬ 
size. Palliation for non resectabl e malignant tumors 
volve partial resection, cryosurgery, chemotherapy, or radia¬ 
tion therapy. 1 he prognosis for perianal gland adenomas is 
good to excellent after castration. Adenomas occasionally re- 
(fewer than 10%) and should be rebiopsied. Early, com¬ 
plete excision of perianal gland adenocarcinomas can be 
curative, but most carcinomas are invasive or metastasize to 
lymph nodes. Recurrence is common, although it may take 
many months, therefore the prognosis is poor. 
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ex- 


s o m e 
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Radiography and Ultrasonography 

Plain radiographs are recommended if neoplasia is sus¬ 
pected (see p. 426). A fistulogram may help determine 

whether a draining tract is associated with the anal sac re¬ 
gion or some other perineal location. 

Laboratory Findings 

Hematologic and serum biochemistry changes are nonspe¬ 
cific. Leukocytosis with a left shift may be noted with anal 
sac abscesses. Cytologic studies from diseased anal sac secre¬ 
tions reveal cellular debris, large numbers of leukocytes, and 
numerous bacteria. Culture and sensitivity testing of the 
anal sac is recommended. The normal bacterial flora of the 
anal sacs include small numbers of micrococci, Escherichia 
coll Streptococcus faecalts, and Staphylococcus spp. Bacteria 
typically cultured from diseased anal sacs include 5. faecalis, 
Clostridium per fringe ns, E. co!i t Proteus spp., Staphylococcus 
spp., micrococci, and diphtheroids. 


and the sac is easy to express. Secretions are more liquid than 
normal with yellowish-white granules. Factors that may 
cause chronic hypersecretion include infectious, endocrine, 
allergic, behavioral, and idiopathic mechanisms. Malfunc¬ 
tion of the anal sphincter mechanism secondary to chronic 
diarrhea, anal laxity, constipation, and obesity may con¬ 
tribute to retention of anal sac secretions and the develop¬ 
ment of anal sacculitis. 


DIAGNOSIS 

Clinical Presentation 

Signalment. Anal sacculitis may occur in an animal of 
any age, breed, or gender; however, it is most common in 
small and toy breed dogs and rare in cats. In some animals 
anal sacculitis may be associated with seborrheic dermatitis 
or other dermatoses. 

History, Many animals have a history of recent diarrhea 
; 1 to 3 weeks) or soft stools or estrus. They usually evidence 
anal irritation (e.g., scooting, licking, and biting at the tail- 
head or anus), Other complaints include tail chasing, 
malodorous perianal discharge, pain or tenderness, and 
behavioral change. Tenesmus, dyschezia, constipation> and 
hematochezia occasionally occur. Generalized dermatitis or 
dermatitis at a secondary site sometimes are recognized. 

Physical Examination Findings 

The anal sac region may appear swollen and inflamed. Ab¬ 
scesses or impaction may cause the anal sac to rupture and 
create a draining lesion at the 4 o’clock or 7 o'clock position. 
The animal may be febrile with abscesses or severe sacculitis. 
Palpation of the perianal tissue during rectal examination 
may identify' an enlarged, firm, and sometimes painful anal 
sac. Digital expression of the anal sac may expel normal se¬ 
cretions (serous, slightly viscid, granular, pale yellow liquid) 
or abnormal secretions (whitish gray, brown, yellow, or 
green, bloody, purulent, gritty turbid, opaque). It may be 
impossible to express material from diseased sacs. Animals 
with untreated anal sac abscesses may be debilitated, may 
have other perianal or rectal abscesses, or may develop anal 
stricture. Perineal fistulae occasionally occur. 


DIFFERENTIAL DIAGNOSIS 


The primary differential diagnoses for anal sacculitis are 
flea allergy (from licking and biting), perianal tumor 
(caused by swelling and ulceration), perianal fistulae, or 
tail fold pyoderma (resulting in abscessation and draining 
tracts), Differential diagnoses for anal or perianal irritation 
include anal sacculitis, dermatitis, endoparasites, perianal 
fistulae, vaginitis, or tumors. Differential diagnoses for pe¬ 
rianal swelling include perianal hernia, perianal neoplasia, 
perianal gland hyperplasia, anal sacculitis, anal sac neopla¬ 
sia, atresia ani, rectal pythiosis, and vaginal tumors. Differ¬ 
ential diagnoses for dyschezia include rectal foreign body, 
perineal hernia, perianal fistulae, anal stricture, rectal stric¬ 
ture, anal sac abscess, rectal neoplasia, anal neoplasia, anal 
trauma, anal dermatitis, rectal pythiosis, and anorectal 
prolapse. 


MEDICAL MANAGEMENT 


Treatment depends on the stage of infection. Most anal sac 
problems can be medically managed by manual expression, 
lavage, antibiotics, and dietary change. Treatment of con¬ 
comitant dermatoses facilitates treatment of anal sacculitis. 
Mild sacculitis or impaction is treated by expressing, 
lavaging (with saline), and infusing the glands with an 
antibiotic-corticosteroid preparation. Dry secretions may be 
softened by lavaging with saline or infusing a ceruminolytic 
agent. If the anal sacs are infected, 0.5% chlorhexidine or 
10% povidone-iodine may be added to saline flushes. 
Adding fiber (e.g., Hill's Pet Products, pumpkin, bran, or 
psyllium) to the diet makes the feces bulky which may 
stretch the anus during defecation, causing the anal sacs to 
be compressed and emptied. In more severe cases, weekly 
evaluation, expression, and lavage with a dilute antiseptic 
solution or saline may be required. Oral antibiotics 
in chronic cases are chosen based on sensitivity results. Anal 
sac abscesses should be lanced, drained, and Hushed. Hot 
compresses, applied two or three times daily for 15 to 20 
minutes each, are beneficial for abscesses. Appropriate oral 


NOTE 9 Routine palpation and expression of the 
anal sacs during physical examination may allow 
early defection of anal sac disease. 


Impaction is diagnosed when the sac is distended and 
mildly painful and cannot be readily expressed. Anal sac¬ 
culitis is diagnosed when moderate or severe pain is 
elicited on palpation, and secretions are liquid, yellowish, 
blood-tinged, or purulent. The diagnosis of anal sac ab- 
scessation is made when there is marked distention of the 
sac with a purulent exudate, cellulitis of surrounding tis¬ 
sues, erythema of overlying skin, pain, and lever. An anal 
sac rupture is diagnosed by finding a draining tract associ¬ 
ated with the anal sac. 
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these sebaceous and apocrine glands accumulate in the anal 
sac and are normally expelled through the ducts during 
detecation or contraction of the anal sphincter. The ducts of 
the anal sacs open in the cutaneous zone al approximately 
the 4 o'clock to 5 o'clock and 7 o'clock to 8 o'clock positions. 
The duct opening in cats is more lateral to the anocutaneous 
line than in dogs. They are visible lateral to the anus in the 
normal contracted state. 


Positioning 

Position the patient in ventral recumbency with the tail fixed 
dorsally over the back. Elevate the pelvis and pad the 
hindlegs when using a perineal position. 


SURGICAL TECHNIQUES 


Palpate the anal sacs to determine their location and extent 
by placing the index or middle finger in the rectum and the 
thumb over the sac. Manually evacuate feces from the rec¬ 
tum if present. Prepare the perineal area for surgery. 


FIG 21-1 18 

Note the extensive perineal sloughing that occurred after 
chemical cauterization to treat anal sacculilis. This dog was 
euthanized because of deep vascular erosion and 
hemorrhage. Chemical cauterization is not recommended for 
treatment of anal sacculitis. 


Closed technique, insert a small probe, hemostat, or 
balloon-tip catheter into the orifice of the anal sac duct (Fig. 
21 - J 19, A}. Advance the instrument or inflate the balloon 
with saline until the lateral extent of the sac is identified, i 


antibiotics should be administered to patients with anal sac 
abscesses. Chemical cauterization is not recommended, be¬ 
cause severe perineal sloughing may result (Fig. 21-118). 


As an alternative, wax or synthetic resin may be infused to 
distend the sac before resection* 


SURGICAL TREATMENT 


Failure of medical therapy and suspicion of neoplasia are in¬ 
dications for anal sacculectomy. If a draining tract persists 
after anal sac rupture, surgery should be delayed until in¬ 
flammation is controlled. Both anal sacs should be removed, 
even if only one is obviously involved, to avoid a second sur¬ 
gery. Either an open or closed technique may be used; how¬ 
ever, the open technique carries a greater risk of fecal incon¬ 
tinence and local infection. 


Make a curvilinear incision over the anal sac. Dissecting di- 1 
rectiy against the anal sac, separate the internal and exter- I 
n al an ol s ph i n cter m u sc/e ft be rs from the sac s exterior wiA 1 
small Metzenbaum or iris scissors. Avoid excising or trm | 
matizmg the muscles or the caudal rec fa I artery medial to the I 
duct. Continue dissecting to free the soc and duct to its mu- 1 
cocutaneous junction at the anal canal (Fig. 21-1J9 / %), Fen 1 
location of the sac may occur during dissection, and tissues I 

may be contaminated with secretions. Place a ligature m 
around the duct at the mucocutaneous junction using 4-0 i 
polydioxanone, polyglyconate , or poliglecaprone 25 suture I 
(Fig. 21 -J 19, C/. Excise the anal sac and duct, then insped 1 

for completenes s o f remove I. Co n trol h cm orrh age with M I 
fores, electrocoagulation, or pressure. Lavage the tissues I 
thoroughly Appose subcutaneous tissues with interrupted $l*s I 
fores of 4-0 polydioxanone , polyglyconate, or poltgk I 
caprone 25 and appose the skin with 3-0 or 4-0 nylon, I 

polypropylene, or polybutester sutures. fl 

Open technique. Place a scissors blade or groove di¬ 
rector into the duct of the anal sac (Fig. 21-120, A) I 

Apply medial traction on the duct while incising through | 
the skin, subcutaneous tissue, external anal sphincter, 
duct / and sac. Continue the incision to the lateral extent 
of the anal sac. Elevate the cut edge of the soc and use 
small Metzenbaum or iris scissors to dissect the sac free 
of its attachments to muscle and surrounding tissue (fig. 
21-120, BA Complete the procedure as for closed sac* 
culectomy (Fig, 21-120, Cj. if 


NOTE * Warn owners of the risk of incontinence af¬ 
ter anal sacculectomy. 


Preoperative Management 

Anal sacculitis, abscessation, or fistuiation should be treated 
for several days as described above to reduce inflammation 
before surgery. Inflammation and fibrosis present at the time 
of surgery increase the risk of damage to the anal sphincter. 
Temporary or permanent fecal incontinence may result sec¬ 
ondary to sphincter damage* 

Anesthesia 

Anesthetic recommendations for animals undergoing peri¬ 
anal surgery are given on p. 417. 

Surgical Anatomy 

One anal sac lies on each side of the anus between the inter¬ 
nal and external anal sphincters. The anal sac is a cutaneous 
diverticulum lined by microscopic glands. Secretions of 
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Open technique 




deep to 


sphincter 


External 


anal 


sphincter 


muscle 


FIG 21-130 


Open technique for anal sacculectomy. A, Insert the blade of the scissors into the sac 
and incise through the skin, subcutaneous tissues, external anal sphincter, and anal sac. 
B, Elevate the cut edge of the sac and dissect it From the anal sphincter C, Appose the 
sphincter, subcutaneous tissues, and skin. 


COMPLICATIONS 


NOTE * The lining of the anal sac is grayish and 


A draining tract after surgery suggests that a piece of anal sac 


glistening; it Is easily distinguished From surrounding 


was left at the surgical site. This occurs more commonly with 


tissue. 


inexperienced surgeons or inflamed and Abiotic tissues. Sur¬ 


gical excision is necessary or drainage will continue. Other 


complications include infection, dehiscence, tenesmus, rec¬ 


tal prolapse, dyschezia, hematochezia, permanent inconti- 


POSTOPERATIVE CARE 


nence, and anal stricture. Fecal incontinence after anal sac- 


AND ASSESSMENT 


culectoniy may be temporary or permanent. 


Systemic analgesics (see Table 21-4) should be given as nec- 


PROGNOS1S 


essary, The perianal area should be kept clean, and an Eliza 


The prognosis tor nonneoplastic anal sac disease is good if k 


bethan collar or similar restraint device should be used to 


is not associated with perianal fistulae. Most cases of anal 


prevent the animal from licking the sites. Food and water 


medically if they are recognized 


sacculitis can he treated 


may be offered within 8 to 12 hours of surgery if no vomit- 


earlv, treated appropriately, and not associated with neopla- 


ing has been noted. A stool softener may be added to the 


sia or perianal fistulae. 


food for 2 to 3 weeks (see Table 21-57), The surgical site 


should be monitored for signs of infection or drainage, and 


Suggested reading 


the rectum and perianal 


should be palpated for evi- 


area 


dence of stricture when sutures are removed at 7 to 10 days. 


Ross JT el ah Adenocarcinoma of the apocrine glands of the ami 


may be impaired during the healing 


sac in dogs: a review of 32 cases, / Am Anirn Hasp Assoc 27:349, 


co n t in e nee 


process but usually returns to normal within several weeks. 
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Van Duijkeren £: Disease conditions of canine anal sacs, / Small 


Anim Pract 36:12, 1995. 


PERINEAL HERNIA 


DEFINITION 


Perineal hernias occur when the perineal muscles separate, 
allowing rectum, pelvic, and/or abdominal contents to dis¬ 
place perineal skin. 


SYNONYMS 


Caudal hernia, sciatic hernia, dorsal hernia, ventral hernia 


FIG 21*121 

Bilateral perineal hernias in a dog. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 




Perineal hernia occurs when pelvic diaphragm muscles fall 
to support the recta! wall, allowing persistent rectal disten¬ 
tion and impaired defecation. The cause of pelvic diaphragm 
weakening is poorly understood but believed to be 

ated with male hormones, straining, and congenital 

quired muscle weakness or atrophy. The pelvic diaphragm is 

stronger in female dogs than in males. Atrophy of the pelvic 

diaphragm muscles, possibly of neurologic origin, has been 

identified in some animals with hernias. Any condition that 
causes 

21-71), 

Herniation may be unilateral or bilateral (Fig. 21-121). 
Most herniations occur between the levator ani, external 
anal sphincter, and internal obturator muscles (caudal her¬ 
nial; however, some occur between the sacrotuberous liga¬ 
ment and coccygeus muscle (sciatic hernia), levator ani and 
coccygeus muscles (dorsal hernia), or ischio urethral is, bul- 
bocavernosus, and ischio cavern os us muscles (ventral her¬ 
nia). Hernial contents are surrounded by a thin layer of per¬ 
ineal fascia (hernial sac), subcutaneous tissue, and skin. The 
hernia] sac may contain pelvic or retroperitoneal fat, serous 
liuid, a deviated or dilated rectum, a rectal diverticulum, 
prostate, urinary bladder, or small intestine (Fig. 21-122), 
tats usually have only rectum within the hernial sac. Organs 
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straining may stress the pelvic diaphragm (Table 
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FIG 21-122 

Perineal hernia in a dog. Note the urinary bladder and 
pelvic fat occupying this hernial 


sac. 


displaced into the hernia may become obstructed and stran¬ 
gulated, Visceral obstruction or strangulation is associated 
with rapid deterioration unless the obstruction or entrap¬ 
ment is corrected. 


TABLE 21-71 






Conditions that Cause Straining and May Predispose 
to Perineal Herniation 




DIAGNOSIS 

Clinical Presentation 

Signal merit* Perineal hernias are common in dogs and 
rare in cats. They occur almost exclusively in intact male 
dogs (93%), Perineal hernias in female dogs are often related 
to trauma. Feline perineal hernias usually occur in neutered 
males; however, female cats are more prone to perineal her 
nias than female dogs. Dogs with short tails may be predis¬ 
posed to herniation. Breeds most commonly affected 
Boston terriers, boxers, Welsh corgis, Pekingese, collies, 
poodles, kelpies, dachshunds, Old English sheepdogs, and 










* Prostatitis 
Cystitis 

1 Urinary trad obstruction 
Cota recta! obstruction 


« 




■ Recta deviation or dilatation 


• Perianal inflammation 

* Anal saceulitis 
Diarrhea 

1 Constipation 




are 
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Laboratory Findings 

Patients with bladder retroflexion often have azotemia, hyper¬ 
kalemia, hyperphosphatemia, and neutrophilic leukocytal. 


mongrels. Most perineal hernias occur in dogs over 5 years 
of age. The median age (range) in one study of 100 dogs was 
10 years (3 to 16 years) (Hosgood et ah, 1995). The risk of 
occurrence increases with age until 14 years in intact males. 
The median age at diagnosis in 40 cats was 10 years (range, 
3 to 18.5 years) (Welches et ah, 1991). 

History, Affected animals usually are presented for treat¬ 
ment because of difficulty defecating. Some owners notice a 
swelling lateral to the anus. Occasionally animals are pre¬ 
sented as emergencies because of postrenal uremia associ¬ 
ated with bladder entrapment or shock associated w T ith in¬ 
testinal strangulation. Clinical signs may include perineal 
swel 1 ing, const!pation } obstipation, dyschezia, tenesmus, rec- 
tal prolapse, stranguria, anuria, vomiting, flatulence, and fe¬ 
cal incontinence. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses for perianal swelling include perineal 
hernia, perianal neoplasia, perianal gland hyperplasia, anal 
sacculitis, anal sac neoplasia, atresia ani, and vaginal tumors. 
Differential diagnoses for dyschezia include rectal foreign 
body, perineal hernia, perianal fistula, anal stricture, rectal 
stricture, anal sac abscess, rectal neoplasia, anal neoplasia, 
anal trauma, anal dermatitis, rectal pythiosis, and anorectal 
prolapse. * 


MEDICAL MANAGEMENT 


The goal of treatment is to relieve and prevent constipation 
and dysuria and to prevent organ strangulation. Causative 
factors (he., urinary tract obstruction or infection, mega¬ 
colon, prostatitis) should be corrected. Normal defecation 
sometimes can be maintained using laxatives, stool soften¬ 
ers, dietary changes, periodic enemas, and/or manual rectal 
evacuation. The urinary bladder can be decompressed by 
contests or catheterization. However, long-term use of these 
treatments is contraindicated, because life-threatening vis¬ 
ceral entrapment and strangulation may occur. 


Physical Examination Findings 

The diagnosis is based on finding a perineal swelling lateral 
to the anus or a weakened pelvic diaphragm, or both (see 
Fig. 21-121). It is important to note that not all dogs with 
perineal hernias have perineal swelling. When present, die 
swelling may appear to surround the anus and cause it to 
bulge. A rectal deviation often contains impacted feces. 
Some reports indicate a right-sided predominance. Cats typ¬ 
ically have bilateral hernias, which seldom cause obvious 
perineal swelling. Rectal palpation of the pelvic diaphragm 
reveals a weakness or separation of the muscles. The prostate 
sometimes is found in the hernia. Severe straining can cause 
rectal prolapse. Some animals are systemically ill and shocky 
because of visceral strangulation. If ballottement suggests 
liquid is present and the animal is dysuric, perinea! centesis 
should be performed to determine if urine is present. Con¬ 
current inguinal hernias have been identified in some dogs 
with perineal hernia. 


SURGICAL TREATMENT 


Herniorrhaphy should always be recommended. Retroflex¬ 
ion of the urinary bladder and visceral entrapment are 
emergencies requiring immediate surgery. Castration, al¬ 
though controversial, is recommended during herniorrha¬ 
phy because it has been reported to reduce recurrence. Non¬ 
castrated dogs have a recurrence rate 2.7 times greater than 
castrated dogs. 

The two most commonly used techniques are (1) the tra¬ 
ditional, or anatomic reapposition and (2) the internal ob¬ 
turator roll-up, or transposition technique. It is more diffi¬ 
cult to close the ventral aspect of the hernia using the 
traditional technique. Temporary deformity of the anus oc¬ 
curs and is especially pronounced after bilateral herniorrha¬ 
phy. Postoperative tenesmus and rectal prolapse may be 
more common in these cases. The internal obturator trans¬ 
position technique is more difficult, especially if internal ob¬ 
turator muscle atrophy is severe. However, it causes less ten¬ 
sion on sutures, less deformity of the anus, and creates a 
ventral patch or sling for the defect. Other herniorrhaphy 
techniques have included using the superficial gluteal, semi- 
tendinosus or semimembranosus muscles, placement of 
synthetic mesh, or a combination of techniques. Bilateral 
herniorrhaphy is possible, but postoperative discomfort and 
tenesmus may be greater than after unilateral procedures, If 
accessible, the prostate should be biopsied, Either a caudal or 
prescrotal castration may be performed (see p. 619). Rectal 
imbrication or sacculectomy is rarely indicated and signifi¬ 
cantly increases the risk of postoperative infection, Colopexy 
may help prevent recurrent rectal prolapse after herniorrha- 


NOTE * A fluctuant swelling in the perineal region 
may indicate that the bladder is entrapped in the 
hernia. Prompt therapy may be necessary to relive 
urinary obstruction in these animals. 


Radiography and Ultrasonography 

Plain radiographs are seldom needed; however, they may 
reveal the position of the urinary bladder and prostate and 
asymmetry or enlargement. Radiographically document¬ 
ing retroflexion of the urinary bladder often requires a 
urethrogram or cystogram or both. Administration of oral 
or rectal barium demonstrates the position of the colon 
and rectum. In one study In which oral barium was given 
to assess rectal abnormalities, all dogs had rectal deviation 
(30 of 30) and some also had rectal dilatation (12 of 30) 
(Hosgood et ah, 1995). Rectal diverticula were not docu¬ 
mented radiographically or at surgery. Ultrasonographic 
identification of the urinary bladder and prostate also is 
possible. 
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muscle, lateral to the coccygeus and levator ani muscles. 1’he 
pudendal nerve is dorsal to the vessels and divides into the 
caudal rectal and perineal nerves. The obturator nerve passes 
through the ventral aspect of the levator ani in a caudolateral 

direction. 


phy. Fixation of the ductus deferens may help prevent recur¬ 
rence when the bladder or prostate has been displaced into 
perineal hernias (Bilbrey, Smeak, DeHoff, 1990). 


NOTE • Some surgeons prefer waiting 4 to 6 weeks 
before performing the second herniorrhaphy in dogs 
with bilateral disease. 


NOTE • Perineal vessels and nerves may be dis¬ 
placed from their normal anatomic location by the 
hernial contents. Careful observation and dissection 

• 4 I . 1 * • I • » * m M I * M a m * » ■■ P ■ “t a *1*1 I® * I ® 

is required to preserve these structures. 


Preoperative Management 

Stool softeners (see Table 21-57) should he given 2 to 3 days 
before surgery. The large intestine should be evacuated with 
laxatives, cathartics, enemas, and manual extraction (see 
p t 399). Prophylactic antibiotics effective against gram¬ 
negative and anaerobic organisms (see Table 21-53) should 
be given intravenously after induction ot anesthesia. If the 
urinary bladder is retroflexed into the hernia, a urinary 
catheter should be placed or cystocentesis performed via the 
perineum to relieve distress and prevent further physiologic 

deterioration. 

Anesthesia 

Anesthetic recommendations for animals undergoing per¬ 
ineal surgery are given on p. 417, Many affected animals are 
geriatric and have concurrent abnormalities that may influ¬ 
ence drug selection. 

Surgical Anatomy 

s The pelvic diaphragm is 

eygeal and levator ani muscles. The paired levator ani mus¬ 
cle originates from the floor of the pelvis and medial shalt of 
the ilium, fans out around the sides of the rectum, and then 
narrows and inserts ventrally on the seventh caudal vertebra. 
The paired coccygeus muscle is a thick muscle lying lateral to 
the thin levator ani. The coccygeus originates from the ischi- 
I atic spine on the pelvic floor and inserts ventrally on caudal 

I vertebrae two through live. 

The paired recto coccygeus muscle arises from the exter- 

* nal longitudinal musculature of the rectum caudal to the le- 
j vator and coccygeus muscles and inserts on the ventral sur¬ 
face of the fifth to sixth caudal vertebrae. The rectococcygeus 

• muscle shortens the rectum when the tail is raised during 

j defecation. The peritoneal reflection is cranial to the recto- 
| coccygeus muscles. The sacrotuberous ligament in the dog is 
' a fibrous band running from the transverse process of the 

| last sacral and first caudal vertebrae to the lateral angle of the 

ischktic tuberosity rostral to the pelvic diaphragm. Cats do 
not have a sacrotuberous ligament. The sciatic nerve lies just 
i cranial and lateral to the sacrotuberous ligament. The inter¬ 
nal obturator muscle is a fan-shaped muscle covering the 
dorsal surface of the ischium. It originates from the dorsal 
surface of the ischium and pelvic symphysis, its tendon ot 
insertion passes over the lesser ischiatic notch, ventral to the 
sacrotuberous ligament. The internal pudendal artery and 

vein and the pudendal nerve run caudomedially through the 
pelvic canal on the dorsal surface of the internal obturator 


Positioning 

Clip and aseptically prepare the perineum for surgery. The 
prepared area should extend 10 to 15 cm cranial to the tail 
base, laterally beyond the ischial tuberosity and ventrally to 
include the scrotum. The animal should be positioned in 
ventral recumbency with the tail fixed over the back, the 
pelvis elevated, and the hindlegs padded. As an alternative, a 
welhpadded perineal stand may be used. 


i 


l 


SURGICAL TECHNIQUES 

Approach 


7 


Make a curv;//near incision beginning cranial fa the coc 
cygeus muscles , curving over the hernial bulge J to 2 
era I to the anus, and extending 2 to 3 cm ventral to the pelvic 
floor (Ftg , 21-123), incise the subcutaneous tissue and 
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FIG 21-123 

For perineal hernia repair using the traditional technique, 
make a curvilinear incision 1 to 2 cm lateral to the anus 
from dorsal to the tailhead to ventral to the anus. Appose the 
external anal sphincter to the combined levator ani and 
coccygeus muscles (with or without the sacrotuberous 
ligament) laterally and the externa! anal sphincter and 
internal obturator muscles ventrally. 
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hernial sac. 


Identify and reduce the hernia! contents by dis¬ 
secting subcutaneous and fibrous attachments. Biopsy any 
abnormal structures within the hernia (e.g,, prostate , masses). 

Maintain hernial reduction by packing the defect with a mois¬ 
tened, tagged sponge. Identify the muscles involved in the 
hernia, the internal pudendal artery and vein, the pudendal 
nerve, the caudal rectal vessels and nerve , and the sacra - 
tuberous ligament Repair the hernia with one of the de¬ 
scribed techniques. After herniorrhaphy perfo 

castration through a median perineal incision (see p. 620}. 


duct ion before tying the last few sutures. Evaluate the repair; 

place additional sutures if weaknes 
Lavage the area. Close the subcutaneous tissues in an inter¬ 
rupted or continuous oppositional pattern with 3-0 or 4-0 
pplydiaxanone, polyglyconate, or poUglecoprone 25 suture 
and close the skin in on oppositional interrupted pattern with 
nonabsorbable suture (e.g., 3-0 or 4-0 nylon}. 


defects persist. 


ses or 


Internal Obturator Transposition 
Herniorrhaphy 

Incise the fascia and periosteum along the caudal border of 
the ischium and origin of the internal obturator muscle . Us* 
;ng o periosteal elevator, elevate the periosteum and inter¬ 
nal obturator muscle from the ischium (Fig. 21-124. Aj, 
Transpose dorsomedially or roll up the muscle into the de¬ 
lect to allow apposition between the coccygeus,. levator an i f j 
and external anal sphincter Transect the internal obturator 
tendon of insertion, if necessary, to get adequate coverage 
of the defect. The internal obturator tendon often is difficult 

to visualize, making transection difficult. Take care to avoid 
transection of the 


a caudal 


rm 


NOTE * Do not mistake the prostate for a mass and 
attempt to excise it. 


Traditional {Anatomic) Herniorrhaphy 

Prepiace simple interrupted 0 
using a large, curved needle (see Fig. 21-123}. Begin suture 
placement between the external anal sphincter and the l 
tor ani, coccygeus, or both muscles. Space sutures less than 
1 cm opart As placement progresses ventrally and laterally, 

incorporate the sacrotuberous ligament for a secure repair if 
n ecessary. 

To avoid entrapping the sciatic nerve, place sutures 
through rather than around the sacrotuberous ligament. 

Direct ventral sutures between the external anal sphincter 
and the internal obturator muscle. Be cognizant of the pu¬ 
dendal vessels and nerves at all times to avoid traumatizing 
these structures. Tie sutures beginning dor sally and 
gressing ventrally Remove the sponge used to maintain 


2 0 monofilament sutures 


or 


e va - 


udol gluteal vessels and perineal 
nerve. Preplace simple interrupted sutures os with the tra¬ 
ditional technique. Begin by apposing the combined leva¬ 
tor am and coccygeus muscles with the external mol 
sphincter muscle dorsolly. Then place sutures between th 
internal obturator and external anal sphincter medially 
and the levator am and coccygeus muscles laterally (Fiq 

21-124, B}. 


ca 
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Ductus Deferopexy 

After castration and herniorrhaphy in dogs with bladder 
prostate retroflexion, the ductus deferens can be secured so 
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FIG 31-124 

Internal obturator transposition technique. A, Elevate the infernal obturator muscle from the 
ischium. B, Appose the external anal sphincter muscle and combined levator ani and 
coccygeus muscles dorsaily. Transpose the internal obturator muscle dorsomedially to fill 
the ventral defect and suture it to the external anal sphincter muscle medially and th 
coccygeus muscle and sacrotuberous ligament laterally. 
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the abdominal wall to prevent recurrent caudal organ dis¬ 
placement* 


TABLE 21-72 


Possible Complications of Herniorrhaphy 


Approach the abdomen through a caudal ventral mid I'me in - 
chion , Refroffex the urinary bladder caudal!/ through the in¬ 
cision to expose the ductus deferens. Separate the ligated 
ductus deferens from the testicular artery and vein and gen¬ 
tly pull it through the inguinal ring * Dissect each ductus deb 

from its peritoneal attachments to the level of the 

prostate. Pull the urinary bladder and prostate forward by 

the ductus deferens * At an 


* Fecal incontinence 

* Urethral damage 

* Dysuria 

* Stranguria 

* Bladder atony 

* Bladder necrosis 

* Urinary incontinence 

* Intestinal necrosis 


* Hemorrhage 

* Depression 

* Anorexia 

* Tenesmus 

* Dyschezia 

* Flatulence 

* Hematochezia 

* Rectal prolapse 


erens 


applying moderate traction on 

adjacent site on the ven 
incisions fl.5 to 2 cm apart} through the peritoneum and 

iransversvs abdominis muscle, funnel between these inci¬ 
sions and draw the ductus deferens through the tunnel. Su¬ 
ture the ductus deferens to itself and the abdominal wall with 
three or four 3-0 monofilament sutures . Repeat the proce¬ 
dure on the opposjte side to fix the bladder and prostate in 

o more cranial position . 


trole feral abdominal wall, make two 


experienced surgeon. Patients with bladder retroflexion 
have the poorest prognosis. Preexisting neurologic abnor¬ 
malities (i.e 
urinary 

herniorrhaphy. 
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an 


anal sphincter incompetence or compromised 
bladder innervation) are not corrected by the 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Analgesics (see Table 21-4) should be given as necessary to 
minimize straining and rectal prolapse* If rectal prolapse 
curs, a purse-string suture should he placed. Recurrent rec¬ 
tal prolapse may be prevented by performing a colopexy. 
Fluid therapy should be continued in uremic patients* Warm 

applied to the surgical site two or three times 


De¬ 


compresses 

daily reduce swelling and perianal irritation. Antibiotics may 
be discontinued within 12 hours of surgery unless ischemic, 
necrotic, or contaminated tissues were present before sur¬ 
gery or the patient is debilitated* After herniorrhaphy* pa¬ 
tients should be monitored for signs of wound infection 
( i.e,, redness* pain, swelling, discharge). Stool softeners (see 
Table 21-57) should be continued for 1 to 2 months. The an¬ 
imal should be fed a diet high in fiber and moisture content. 




COMPLICATIONS 


can be prevented by 

recurrence or con- 


Most postoperative complications 
meticulous surgical technique. Hernia 
tralateral herniation is believed to be reduced by castration 
during herniorrhaphy. Recurrence is related to the expertise 
of the surgeon; inexperienced surgeons have higher 
rence rates, infection and dehiscence usually can be pre¬ 
vented by appropriate antibiotic prophylaxis and surgical 
technique. Marked pain* non-weight-bearing lameness, and 
knuckling after surgery suggest sciatic nerve entrapment. If 
this is suspected, the offending suture should be removed 
immediately via a caudolateral approach to the hip. Other 
possible complications are listed in fable 21-72. 


PERIANAL PISTULAE 


DEFINITION 


recur- 


Perianal fistulae are suppurative, progressive, deep ulcerat¬ 
ing tracts In the perianal tissues. 


SYNONYMS 


Perianal sinuses , perineal fistulae, perianal fissures, furuncu¬ 
losis, pararectal fistulae > anusitis , fistulae-in-ano, anorectal 

abscesses 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


PROGNOSIS 


Defecation in affected patients is facilitated by medical and 
dietary management. The danger of prolonged medical ther¬ 
apy is that the bladder, intestine* or prostate will become 
trapped in the hernia, with life-threatening consequences. 

The prognosis is fair to good when surgery is performed by 


The etiology of perianal fistulae is unknown. The combina¬ 
tion of infection and abscessation of glands and hair follicles 
around the anus, the moist, contaminated anal environment. 
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and a broad-based, low-set tail conformation are believed to 
contribute to the formation of perianal fistulae. German 
shepherd dogs have a greater density of apocrine glands in 
the cutaneous zone of the anal canal, which may predispose 
them to perianal fist Like. Bacterial infection may occur after 
development of cutaneous lesions. Immunologic and en¬ 
docrine studies have found no abnormalities in affected dogs. 
Fistuke first appear as 

skin that is inflamed and hyperpigmented. As the disease 
progresses, these punctate holes enlarge and coalesce, form¬ 
ing large areas of ulceration and granulation. Tracts may 
tend into the deep perirectal tissues and anal 
Hi dr adenitis, chronic necrotizing pyo granulomatous in¬ 
flammation of lhe skin and hair follicles, cellulitis, dilated 

and inflamed lymphatics, necrosis, and fibrosis occur. Partial 
rectal stricture may occur. 

DIAGNOSIS 

Clinical Presentation 

Signalment. Perianal fistulae occur most commonly in 
German shepherd dogs, but Irish setters also are predis¬ 
posed. Various other breeds have been diagnosed with this 
condition. The disease appears to be more common in males 
than females (approximately 2:1} with a predominance 
intact animals, although not all studies have identified 
dcr predilection. Perianal fistulae are extremely 
Perianal fistulae may occur at any age; however, the 
age of 44 dogs with perianal fistulae was 5.2 years (range, 0.5 
to 13 years) (Killingsworth et al, 1988), 

History. Dogs with perianal fistulae usually 

sented for treatment because of anal discomfort, constipa¬ 
tion, diarrhea, odor, licking, scooting, tenesmus, dyschezia, 
ulceration, or purulent perianal discharge, or all of these. 
Clinical signs of discomfort, licking, and scooting may be 
present before the fistulas are evident externally. Many own¬ 
ers have noticed perianal ulcers 
dogs to become vicious when the tail 

ined or manipulated. Weight loss, diminished appetite, and 
lethargy may occur. 
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FIG 31-125 


Coalescing ulcers that characterize moderately 
perianal fistulae. 


severe 


NOTE • Examination of the perineal area estab¬ 
lishes the tentative diagnosis; however, histolagi 
aminafion Is necessary to rule out squamous cell 
cinoma, pythfosis, and other erosive conditions. 


ic ex¬ 


cel f- 


in 


a gen- 
rare jn cats. 


Radiography 


Radiographs are not necessary unless there is a strong suspi¬ 
cion of neoplastic involvement. 


m ea n 


Laboratory Findings 

Laboratory findings are nonspecific. Commonly isolated bac¬ 
teria from deep, intraoperative perianal fistulae samples 
Escherichia coli , Staphylococcus aureus, p-hemolytic strepto¬ 
cocci, and Proteus mimbilis. Bacterial contamination is be¬ 
lieved to occur after ulceration. Acute and chronic inflamma¬ 
tion with fibrosis and granulation tissue are expected. Some 
tracts have an epithelial lining, whereas others involve the anal 
crypts and rectal mucosa. 


are pre- 


are 


or tracts. Pain may cause 


or perineum is exam- 


DIFFERENTIAt, DIAGNOSIS 


Physical Examination Findings 


In its early stages anal squamous cell carcinoma may 
ble perianal fistulae. Other important differential diagnoses 

fistuke, pythiosis, and fis- 


rese m - 


Dogs with perianal fistulae often appear normal; however, 
some are thin with a poor hair coat. The perianal area should 
be examined tor fistulae. The perineum often is painful, and 
affected dogs may snap, bite, or cry when the tai I is lifted 
quiring sedation or general anesthesia for thorough perineal 
examination. Tracts may be single but typically are multiple 
(Fig. 21-125). Fistulae can be difficult to identify if there 
only a few punctate lesions and minimal ulceration. The 
dition becomes more evident 


include perianal tumors, anal sac 
tulae associated with tail fold pyoderma. 


, rc- 


MEDICAL MANAGEMENT 


Management of perianal fistulae requires diligence, is frus¬ 
trating tor veterinarians and clients, and is uncomfortable 
lor patients. Stool softeners may reduce dyschezia. Regular 
perianal cleansing and antibiotic therapy reduce inflamma¬ 
tion hut seldom allow the fistulae to heal and may allow the 

disease to 

nisolone, cyclosporine, ketoconazole, azathicprine 
metronidazole,or a com hination of thesc drugs, can be ef¬ 
fective in treating perianal fistulae. Treatment is necessary 
for several months and is expensive; however, continence is 
maintained. Treatment of concurrent diseases, including hy- 


arc 


con - 


as tracts coalesce and swelling 
and inflammation develop, in severe cases the entire circum¬ 
ference of the anus may be ulcerated. Previously unidentified 
tracts often become obvious when the dog 

and dipped. A rectal examination should determine the 
depth of involvement, the degree of fibrosis, and the relation¬ 
ship of the anal sacs to fistuke. Anal stenosis and rectocuta- 


progress. However, administration of pred- 


is anesthetized 


or 




neous fistulae may be identified during rectal examination. 
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i TABLE 21-73 


I TABLE 21-74 


Chemical Cauterizing Agents 


Medical Management of Perianal Fistulae in Dogs 


* Silver nitrate 


Cyclosporine [Neoral, Sandimmune) 


* 4*5%-5.Q% phenol 


175-5 mg/kg PO, bid (or use adjusted dose to achieve a 

whole blood cyclosporine trough measurement of 400- 

600 ng/ml} 


* 7% iodine 


Ketoconaxole {Nizoral) 


12-15 mg/kg PO, sid 


Radical resection is the excision of all diseased skin, 
subcutaneous tissue, muscle, and fascia. The rectum is ap¬ 
posed to remaining skin with widely spaced interrupted 
sutures* The remainder of the defect is allowed to heal by 
second intention* Fecal incontinence is a common postop¬ 
erative problem. Superficial resection (i.e., excision ot all 
skin involved in the inflammatory process) is recom¬ 
mended with severe or unresponsive perianal fistulae. De¬ 
bridement and figuration of fistulae are less likely to 

fecal incontinence than extensive resection but tend 


Azttfhioprine [Imuran) 


50 mg PO, sid 


Metronidazole {Flagyl) 

400 mg PO, sid 


day; sid, once a day. 


PC, Oral; bid, twice 


ca us e 


to be ineffective in severe cases. Some surgeons recom¬ 
mend concurrent tail amputation. Anal sacculectomy (see 
430) is needed when fistulae involve the anal sacs* De¬ 
bridement and chemical cauterization (resection ot ep¬ 
ithelium overlying coalescing fistulous tracts followed by 
application of an irritant chemical to the underlying gran¬ 
ulation tissue) may be performed using a strong iodine so¬ 
lution (Table 21-74)* This technique is less effective than 
debridement and figuration or ablation but may he 
selected for patients with mild disease or when healing be- 

small fistulae are identified after debride- 


inflammatory bowel disease, facilitates 


pothyroidism or 
treatment of perianal fistulae. Dogs with perianal fistulae 

and concomitant infiltrative bowel disease may improve 
with initial high-dose prednisolone therapy (i.e., 2 mg/kg 
PO given once a day for 2 weeks). The prednisolone dose 
then is reduced (1 mg/kg PO given once a day) and contin- 


P* 


ued for 4 weeks* 

Cyclosporine has been shown to be effective in most dogs 
(Mathews, Sukhiani, 1997), The drug affects the immune re¬ 
sponse by blocking proliferation of activated T lymphocytes 
i,T-helper cells). The recommended cyclosporine dosage is 
shown in Table 21-73. Treatment is continued for at least 16 
weeks or 2 weeks beyond resolution of fistulae. The dosage 
and cost of cyclosporine can be reduced by oral administra¬ 
tion of keto con azole (see Table 21-73), which alters hepatic 
metabolism of cyclosporine (Dahlinger, Gregory, Bea, 1998), 

Combination therapy using azathiopnne and metronida¬ 
zole (see Table 21-73) reduces perianal irritation and the 
severity and extent of lesions before surgery (Tisdall et al., 
1999). Surgery is recommended if improvement plateaus af¬ 
ter 4 to 6 weeks of therapy. Azathioprine and metronidazole 
are continued for 3 to 6 weeks after surgery. 


gins to 

ment and figuration or ablation. Use of chemical cauter¬ 
ization at this time may eliminate the need tor general 


or 


anesthesia and reoperation. 

Cryotherapy of perianal fistulae involves the application 
of a cryogen to destroy diseased tissue. Tissue that has been 
frozen necroses and then sloughs off during the subsequent 
1 to 2 weeks* The wounds heal by second intention. Appro¬ 
priately controlling the freeze by using thermocouples is 
helpful. However, cryosurgery is not recommended because 

difficult to control the freeze; muscles and nerves 


it is very 

often are inadvertently destroyed* Up to one half of the pa¬ 
tients have severe anal stenosis after cryosurgery, 
plications include flatulence, tenesmus, incontinence, diar¬ 
rhea, and constipation. 


SURGICAL TREATMENT 


Surgery is recommended for fistulae resistant to medical 
therapy and those associated with the anal sacs. The goals of 

are to eliminate necrotic or unhealthy tissue and 


Preoperative Management 

Owners are told the expected results of treatment, and their 
important postoperative role should be thoroughly ex¬ 
plained. Owners must make a firm commitment of ability 
and willingness to provide long-term postoperative 
The location of the fistula or fistulae should be mapped on a 
chart of the perianal region* Administration of stool soften- 
should be initiated several days before surgery ( 

21-57). The colon should be evacuated and food withheld 
the day before surgery. Hoi compresses should be applied 


surgery 

stimulate second intention healing without causing fecal in¬ 
continence or anal stenosis. Numerous surgical procedures 
have been used to treat perianal fistulae, including super® - 

cryotherapy, figuration, chemical 


c a re. 


dal or radical excision 
cautery, and tail amputation. Staged procedures may be nee- 

during the initial months of treatment and may need 


essarv 

to be repeated intermittently for life* Dogs with mild to 
moderate disease usually respond better to treatment than 
do those with severe disease* 


ers 


to 
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FIG 21.126 

Treatment of perianal fistulae may be facilitated by tai 

incision around the base of the tail. B, Expose, identi 

musculature. C, Disarticulate the tail at the second 
space and skin. 




amputation. A, Make an elliptical 
, and transect the coccygea 
Jrd caudal vertebra and close dead 


X 


or 




the perineum to help remove exudate and debris. Analgesics 
may be necessary if the patient objects to perianal manipu¬ 
lations. I rophylactic antibiotics effective against gram- 

negative and anaerobic bacteria should be given during in¬ 
duction of anesthesia. 


expose the underlying infected granulation bed 
Superficially *char" this bed (i 


to 


surface dehydration) 
with o figuration current or ablate with a loser Leave all 

areas open to heal by second intention , Expect to repeat 

this technique once or twice during the first months of th 


.e*, use 


/ 


apy to resolve the fistulae. 


Anesthesia 

Anesthetic recommendations for animals undergoing peri 

anal surgery are given on p* 417, 


Tail Amputation 

amputation performed in conjunction with debride¬ 
ment and figuration or ablation may improve perinea! ven¬ 
tilation and drying. J he benefits of tail amputation are con¬ 
troversial. Many owners refuse amputation initially but 
agree to it after they discover that healing h 
after the initial treatment or treatments. 


Surgical Anatomy 

Ihe surgical anatomy of the perianal region is on p, 418, 

Positioning 




as not been ideal 




should be positioned in ventral recumbency 
with the hindlegs over the end of the table. The pelvis should 
be elevated with padding and the tail secured over the back. 
I he end of the table should be padded to 


Make an elliptical incision around the base of the tail (Fig. 
21 -] 26, AJ, incise the subcutaneous tissues to expose the 
muscles. Separate the attachments of the levator am, recto¬ 
coccygeus muscles to the caudal vertebrae 




prevent pressure 
on the femoral nerves. As an alternative, a padded perineal 
.stand may be used. 




co ccygeus 

(Fig. 21-126, BJ. Transect the tail by disarticulation at the 

second or third caudal vertebra. Ligate the medial and lot- 

eral caudal arteries and veins. Appose the levator ani muy 

cles and lavage ihe site. Appose the subcutaneous tissues in 

simple interrupted or continuous pattern. Excise redundant 
skin if 


f 




SURGICAL TECHNIQUES 

Debridement with Fulguration 

or Laser Ablation 




O 




Probe and explore the direction of each fistula. Connect all 
communicating hstulae by excising th 


necessary and appose skin edges with approximate 

ing f 3-0 nonabsorbable sutures (Fig. 2M26, Q. 


overlying epithe- 


e 
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TABLE 21-75 


Possible Complications of Wide Resection of Fistulae 


* Dyscbezio 

* Constipation 

* Anal stenosis 

* Recurrence 


* Fecal incontinence 

* Flatulence 

* Diarrhea 

* Tenesmus 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Systemic (see Table 21-4) or epidural analgesics should be 
used as needed. The perineum should be cleaned three or tour 
times daily, especially after defecation, with warm saline (wa¬ 
ter) or a dilute antiseptic solution. Using a hose and warm tap 
water is a convenient and acceptable method o i cleaning. An 
Elizabethan collar, bucket, or sidebars should be used to pre¬ 
vent self-mutilation, and stool softeners should be given to fa¬ 
cilitate fecal passage during the first 3 to 4 weeks (see Table 
21-57), The stool softener should make the stool soft but not 
sticky or pasty. A low-bulk diet should be fed. Giving antibi¬ 
otics effective against gram-negative and anaerobic bacteria is 
helpful al though not essential The size of the debrided areas 
should be mapped immediately after surgery and at each 
reevaluation to allow accurate monitoring. The patient should 
be reevaluated every 2 to 4 weeks, and nonhealing or new fis- 
lulae should be treated as needed After the fistulae have re¬ 
solved, owners should keep the perineum clipped and clean. 
They should check for new fistulae monthly. 


RfCTAl PROLAPSE 


DEFINITION 


Rectal prolapse is a protrusion of the rectal mucosa from 
the anus. 


SYNONYMS 


Everted rectum , everted anus, anal prolapse 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Rectal prolapse is principally associated with endoparaskism 
or enteritis in young animals, and tumors or perineal hernias 
in middle-aged and older animals. However, any condition 
that causes tenesmus may result in rectal prolapse ( lable 
21-76), Weakness of perirectal and perianal connective tis- 

museles, uncoordinated peristaltic contractions, and 
inflammation or edema of rectal mucous membranes pre¬ 
dispose patients to rectal prolapse. 

Rectal prolapse may be complete or incomplete, Incom¬ 
plete prolapse involves only mucosa. A part of the entire 
anorectal circumference may be affected. Complete prolapse 
involves all layers of the rectal wall and the entire circumfer- 


GOMPLICATIONS 


Fecal incontinence, anal stenosis, and recurrence sometimes 

precipitate euthanasia. These are 
with some surgical techniques. Flatulence, tenesmus, consti¬ 
pation, and diarrhea may also occur. Complications 
more common and severe after radical resection (Table 
21-75) than after superficial resection or figuration and ab¬ 
lation, Hair loss and lameness may occur with cyclosporine 
therapy, but these resolve when therapy is discontinued. Re¬ 
may be controlled with a 7- to 14-day course of cy- 


com plications 


common 


sues or 


are 


currenee 
closporine. 


PROGNOSIS 


TABLE 21-76 


Medical therapy with cyclosporine is effective in resolving 

fistulae and reducing the severity of others. Mild peri¬ 
anal fistulae may be controlled if owners are diligent about 
daily perianal care. The area must be kept clean and dry to 
prevent progression of the disease. The prognosis after sur¬ 
gery alone is fair to poor, depending on the severity of the 
disease at the time of surgery and the owner’s postoperative 
compliance, Early diagnosis and surgery allow less radical 
procedures with fewer postoperative complications, Recur- 

with either medical or surgical therapy. 


Conditions Associated with Rectal Prolapse 


some 


* Endoparasitism 

* Enteritis 

* Intestinal foreign bodies 

* Dystocia 

* Urolithiasis 

* Constipation 

* Congenital defects 

* Sphincter laxity 

» Prostatic disease 




rence is common 
Many animals are euthanized because of pain, lack of re 

sponse to treatment, recurrence, and/or client frustration. 
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MEDICAL MANAGEMENT 


The treatment and prognosis depend on the cause, degree of 

prolapse, chronicity, and whether it is a recurrent prolapse. 
Acute rectal prolapse is easily treated, hut chronic disease 
may require resection. Manual reduction and placement of a 
purse-string suture around the anus are recommended for 

acute prolapses with minimal tissue damage and edema (Fig, 
21-128, A). Warm saline lavages, massage, and lubrication 
(e,g., with a water-soluble gel) should be applied to the 
everted tissue before digital reduction. A purse-string suture 
tight enough to maintain prolapse reduction without inter¬ 
fering with passage of soft stool should be placed. Most rec¬ 
tal prolapse patients respond well to manual reduction when 
the cause is treated and resolved. 


SURGICAL TREATMENT 


FIG 21 *127 

Rectal prolapse. Note the large amount of everted rectum 
that must be differentiated from an intussusception. 


Nonreducible or severely traumatized prolapses require am¬ 
putation* Colopexy should be performed when rectal pro¬ 
lapse repeatedly recurs after manual reduction or amputa¬ 
tion (see p* 401)* 


ence. The amount of eversion increases with continued 
straining, varying from a few millimeters to many centime¬ 
ters. Everted tissue becomes edematous, preventing sponta¬ 
neous retraction into the pelvic canal. Continued exposure 
causes excoriation, bleeding, desiccation, and necrosis. 

DIAGNOSIS 

Clinical Presentation 

Signalment. Rectal prolapse occurs in dogs and cats, 
with no documented breed predisposition* However, it may 
occur more often in Manx cats because of their anal laxity. It 
may occur at any age but is more common in young animals. 

History. Straining or recent perineal surgery are com¬ 
mon. Constipation, diarrhea, prostatitis, urinary tract infec¬ 
tions, dyspnea, and dystocia may produce tenesmus* Perineal 
or perianal irritation from trauma or surgery may also cause 
straining and rectal prolapse* 

Physical Examination Findings 

The patient's physical status is unpredictable because of the 
numerous possible causes of rectal prolapse. Protrusion of 
anorectal mucosa is obvious on physical examination* The 
degree of prolapse may vary from a few millimeters to sev¬ 
eral centimeters (Fig* 21-127), Rectal prolapse must be dif¬ 
ferentiated from ileocolic intussusception (see below)* 


NOTE * Be sure to identify any possible underlying 
causes of the prolapse and treat them* 


Preoperative Management 

Surgery should be prompt to prevent further trauma to the 
everted tissues* Extensive colorectal preparation is unnecessary 
Prophylactic antibiotics effective against gram-negative and 
anaerobic bacteria (see Table 21-53) should be given at induc¬ 
tion of anesthesia. The exposed tissue should be lavaged with 
warm sterile saline and lubricated with a water soluble gel 

Anesthesia 

Anesthetic recommendations for animals undergoing rectal 
and perineal surgery are given on p* 417, 

Surgical Anatomy 

The surgical anatomy of the rectum and perineum are pre¬ 
sented on p. 418* 

Positioning 

After the perianal area has been clipped and asepticaUy pre¬ 
pared for surgery, the everted tissue should again be lavaged 

and lubricated. The patient should be positioned in ventral 
recumbency with the hindlegs over the end of the table. The 
pelvis should be elevated with padding and the tail secured 
over the back. The end of the table should be padded to pre¬ 
vent pressure on the femoral nerves. As an alternative, a per¬ 
ineal stand may be used* 


Radiography 


Radiography may help identity' the cause of the prolapse. 


Laboratory Findings 

Laboratory tests are nonspecific for rectal prolapse but may 
identify the cause and define the patient's physiologic status. 
Parasites and acute enteritis are common in young animals* 


SURGICAL TECHNIQUE 


DIFFERENTIAL DIAGNOSIS 


Place a probe into the rectal lumen to serve as a guide (Fig, 
21-128 , B ) * Place th ree horizon to I m a tires s stay s ulures (at 
the 12 o'clock, 5 o'clock, and 8 o'clock positions) through 
all layers of the prolapse just cranial to the proposed Iron- 

section site. These sutures should enter the recta! lumen with 


The primary differential diagnosis for rectal prolapse is intus¬ 
susception* Insertion of a finger (preferred) or probe (i,e„ ther¬ 
mometer or smooth lube) alongside the prolapsed mass is pos¬ 
sible with an intussusception but not with a rectal prolapse* 
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FIG 21-128 


A, Digitally reduce small prolapses with healthy mucosa and place a purse-string suture 
around the rectum. Resect irreducible or traumatized prolapses. B, Place a probe m the 
recta! lumen and three or tour stay sutures in the rectal wall Make a full thickness masion 
through the prolapsed tissue. Appose the edges with simple interrupted sutures. 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


the needle being deflected by the probe before being 
passed through the rectoI tissues again , Transect the trau- 

sfages caudal to the stay sutures. After 

the tran - 
or 4- 


e 


d 


The cause of the prolapse must be treated to prevent recur¬ 
rence. Epidural opioids may eliminate postoperative tenes- 

for several hours (see p, 97)* Systemic analgesics 
should be given if necessary (see Table 21-4). A low-fiber 
diet should be fed while the purse-string suture is in place 
The purse-string suture generally can be removed 3 to 5 
days after manual reduction and 1 to 2 days alter resection. 
Stool softeners should be given for 2 to 3 weeks after resec¬ 
tion (see Table 21-57). Amputees must be monitored for 

leakage from the surgical site 




Safeed tissue in 

each stage of the resection, anatomically appose 
reefed edges with simple interrupted sutures (e.Q. f 3-0 

poliglecaprone 25). 

apart ond 2 mm 


> — 












. 


0 potydioxartone, polyglyconate 
Space the sutures approximately 2 
from the cut edge. Inspect the anastomosis for gaps between 

Remove the stay sutures and gently replace the 

the pelvic or anal canal , Place a pur se¬ 


ar 
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mm 


9- 


sutures. 

onastamotic site in 
string suture around the onus if postoperative tenesmus is 

expected. 
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i\: U III So ft T !SS u e Su rgery 


COMPLICATIONS 


abdominal 


pressure by closing the glottis, fixing the di¬ 
aphragm, and contracting the abdominal wall when defeca¬ 
tion is appropriate* This causes the external anal sphincter to 

fdax and the reclococcygeus, levator ani, and coccygcus 
muscles to contract. 


Possible complications of manual reduction of rectal 
lapses are tenesmus, dyschezia, hematochezia, and 
rence. Additional complications of resection include hemor¬ 
rhage, leakage, anal stenosis, infection, dehiscence, and fecal 

incontinence* 


pro- 

recur- 


Reservoir incontinence (Table 21-77) usually is character¬ 
ized by frequent, conscious defecation. Loss of 
tinence causes production of abnormally soft, unformed 
liquefied feces. Loss of reservoir continence may be caused 
by diffuse colonic disease resulting in diminished distend- 
bility, or it may occur secondary to reduced colonic length 
after resection (e.g., two thirds or more)* The small intestine 
increases water absorption and capacity after subtotal colec¬ 
tomy, therefore many animals regain reservoir continence* 
Sphincter incontinence (see fable 21-77) may be neuro¬ 
genic or no nn euro genic. Partial fecal incontinence may 
cur if only one muscle group malfunctions* Loss of 
receptors and the afferent limb of the continence mecha¬ 
nism can be secondary to rectal resection* An adequate cuff 
ot rectal muscularis must be preserved to maintain sphinc¬ 
ter continence. Efferent neural control is lost when caudal 
rectal nerves are damaged* Sacral spinal cord lesions of the 
SI-S3 cord segments (L5 vertebral level in dogs and L6 in 
cats) damage the cell bodies of the pudendal nerve* Periph¬ 
eral pudendal nerve damage can occur anywhere from the 

equina distally, Unilateral pudendal nerve damage 
causes fecal incontinence for only 3 to 4 weeks because of 
cross-innervation and muscle fiber decussation. Bilateral 
pudendal nerve damage causes permanent incontinence. 
Non neurogenic sphincter incontinence occurs secondary to 
physical disruption of the external anal sphincter after 

anorectal trauma, rectal prolapse, severe perianal disease 
(inflammation, tumors) 


PROGNOSIS 


reservoir Con¬ 


or 


Incomplete prolapses that occur during defecation may 
duce spontaneously. The prognosis for chronic rectal 
lapse without manual reduction or surgery Is poor. Chroni¬ 
cally exposed rectal mucosa is traumatized by licking, sitting, 

and environmental exposure, ultimately becoming necrotic 
wi t h 

treated surgically is good provided the primary cause of 

tenesmus or irritation is appropriately treated. 

Suggested reading 

Popov itch LA, Holt D, Bright R: Colopexy as a treatment for rectal 

prolapse in dogs and cats: a retrospective studv of 14 cases, Vet 
Surg 23:115, 1994. 


re- 


p ro¬ 


se con d ary sepsis. The prognosis for most animals 


oc- 


se n sory 


FECA L INCONTINENCE 


cauda 


DEFINITIONS 


Fecal incontinence is 


the inability to voluntarily control 
defecation. Reservoir incontinence results from a failure of 

the large bowel to adapt to and contain the colorectal 

tents. Sphincter incontinence is a failure of the sphincter 

mechanism to resist propulsive forces in the rectum, so that 
feces are involuntarily passed. 


co n - 


surgical resection. The ind- 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


I 


} 


S2 


f TABLE 21-77 


Fecal incontinence is 


uncommon in 


Causes of Fecal Incontinence 


continence depends on maintenance ol colonic reservoir 
function and anal sphincter control Muscles involved 
cal continence include the internal anal sphincter, external 
anal sphincter, reetococcygeus, levator ani, and 


in fe- 


Reservoir Incontinence 

* Diffuse colonic d 


resulting in decreased disfensi- 


isease 


Goccygeus 

muscles* As fecal material is propelled distally into the ter¬ 
minal rectum, the rectum distends and the internal anal 
sphincter dilates while the external anal sphincter and 
dal portion of the levator 


* Reduced colonic length after resection (e.g. H two thirds 
or more) 

Sphincter Incontinence 


cau- 

ani muscles contract. Subse¬ 
quently, propulsive contractions diminish, and normal 

ing tone is restored in 2 to 3 minutes. Thus the rectum 
distends and adapts with each new bolus to increase its stor¬ 
age capacity, and a resting anorectal high-pressure zone is 
created by the internal anal sphincter, external anal sphinc¬ 
ter, and caudal portion of the levator ani muscles. The inter¬ 
nal anal sphincter contributes 50% to 80% of the resting 
tone in the high-pressure zone. The external anal sphincter 
is tonically active but contributes minimally to the resting 
tone; its short contractions resist peristaltic waves* The role 
of the levator ani is uncertain. Animals posture and increase 


* Rectal resection (more than 4 

* Inadequate cuff of recta! muscularis (I 
mately 1.5 cm) 

* Damage to the cauda! rectal 


cm of terminal rectum) 

a p proxi- 




nerves 

spinal cord lesions of SI-S3 cord 
vertebral level in dogs and L6 in cats) 

* Peripheral pudendal nerve dama^ 

* Physical disruption of the external anal sphincter offer: 

—Anorectal trauma 

— Rectal prolapse 

-Severe perfonal disease (e,g., inflammation, tumors) 

— Surgical resection 

* Resection of more than half the external anal sphincter 


segments 




e 
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Laboratory Findings 

A hemogram, serum biochemistry profile, urinalysis, and fe¬ 
cal examination are recommended. Hematologic and serum 
biochemistry values may suggest the etiology. Electromyog¬ 
raphy and manometry help assess the anorectal sphincter 
complex in some cases* These examinations help differenti¬ 
ate reservoir incontinence from sphincter incontinence and 
neurogenic incontinence from nonneurogenic incontinence* 
Electromyography can reveal denervation or myopathy. 
Manometry gives anal and colorectal pressure profiles and 
evaluates the degree of impairment of anorectal tone and in¬ 
ternal and external anal sphincter function. The presence of 
an intact reflex arch may be determined more simply by in¬ 
flating a Foley catheter in the rectum and observing the re¬ 
sponse* 


dence of incontinence increases as external anal sphincter 
resection approaches 3 80 degrees. Resection of more than 
half of the external anal sphincter usually results in fecal 
incontinence. 


DIAGNOSIS 

Clinical Presentation 

Signalment, Any breed or gender of dog or cat may 
have fecal incontinence. Manx cats may be predisposed be¬ 
cause of anal laxity resulting from abnormal innervation* 
Dogs with perineal fistulae (see p. 437) may develop fecal in¬ 
continence* Fecal incontinence may occur in any age animal, 
although 50% of affected animals are 

I (Guilford, 1990)* 

History. The history is important for differentiating 
reservoir incontinence from sphincter incontinence and for 
determining possible causes. Animals are presented for 
treatment because of inappropriate defecation. Some af¬ 
fected animals posture and void normally despite having in¬ 
appropriate defecation* A fecal bolus may be voided when 
harking, coughing, or rising from a recumbent position, 
without posturing or recognition of the event. It 
taut to find out if the onset of incontinence is associated 
with recent colorectal or perineal surgery, trauma, perianal 
disease, or neurologic disease. Signs of incontinence vary 
from occasional incontinence to perineal soiling and fecal 
dribbling Reservoir incontinence may be associated with 
frequent defecation, tenesmus, hematochezia, and mucoid 
stools. 

Physical Examination Findings 

Patients with fecal incontinence often appear normal. Rectal 
and perineal examination may reveal colorectal or perianal 
disease. Anal sphincter tone may be diminished and the 
d i lated, a nd h r th e rec tal m u co sa p rola p sed* The a b do me n 
should be palpated to determine the size of the colon and 
bladder tone, and a thorough 

should be performed. Self-inflicted skin trauma suggests 
paresthesia. Hyperesthesia may be detected in the lum¬ 
bosacral area* Hindlimb paresthesia, urinary incontinence, 
and hyperesthesia suggest cauda equina syndrome. 

Radiography, Ultrasonography, 
end Endoscopy 

Plain radiographs should be evaluated for colorectal or 
pelvic canal masses, vertebral abnormalities (e.g*, lum¬ 
bosacral stenosis or fracture), or pelvic fractures. Myelogra¬ 
phy, epidurography, computed tomography (CT), or mag¬ 
netic resonance imaging (MRI) helps diagnose spinal cord 
or cauda equina lesions. In human beings, endoanal ultra¬ 
sonography is used to help evaluate anal sphincter morphol¬ 
ogy and localize weak areas (Deen et ah, 1993), A defect of 
the external anal sphincter muscle is identified as either a hy- 
poechogenic or hyperechogenic wedge-shaped area* An in¬ 
ternal sphincter defect is identified as a loss of continuity of 
the normal hypo echoic ring. Colonoscopy and proctoscopy 
are indicated if reservoir incontinence is suspected. 


11 years or older 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses and possible causes of fecal inconti¬ 
nence include anal disease (e.g., anal sacculitis, dermatitis, 
endoparasites, perianal fistulae, or tumors), colorectal dis¬ 
ease (e.g,„ colitis, neoplasia), poor diet, trauma to or dener¬ 
vation 


muscles of continence, damage to somatic pe¬ 
ripheral nerves (i*e., pudendal, or S2-S3-Cd1 spinal nerves), 
damage to autonomic peripheral nerves (i.e*, pelvic plexus, 
pelvic nerves), cauda equina syndrome, central nervous sys¬ 
tem injury (e.g*, sacral spinal segments, spinothalamic tracts, 
frontal cortex), and behavioral abnormalities. 


MEDICAL MANAGEMENT 


The causative disease or condition should be treated if pos¬ 
sible* Owner acceptance may require that the pet be kept 
outdoors. Many patients are euthanized because owners are 
unable or unwilling to tolerate incontinence. The goals of 
medical management are to reduce fecal water content and 
fecal bulk, slow transit time, and increase anal sphincter 
tone. Symptomatic medical management includes dietary 
change, pharmacologic therapy, and induced defecation. A 

cottage cheese and rice) reduces fecal 
volume by op ro 85% and lessens the frequency of defeca¬ 
tion. Opioids (Table 21-78) promote segmental contrac¬ 
tions, slowing bowel transit time and increasing water ab¬ 
sorption, Enemas and rectal stimulation can promote 
colonic evacuation at appropriate times and help prevent in¬ 
appropriate defecation. 




ic examination 


neu 




<» 


TABLE 21-78 


Opioids that Slow Bowel Transit Time 


Diphenoxylate Hydrochloride (Lomotil) 


Dogs: 0,1-0*2 mg/kg PO, bid to fid 


Cats: 0,0*5-0*! mg/kg PQ, bid 


Loperamide Hydrochloride (Imodium) 


Dogs: 0,1-0.2 mg/kg PO, bid to tid 
Cats: 0.08-0*16 mg/kg PO, bid 


PO, Oral; bid, twice a day; tid , three times a day. 
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Soft Tissue Surgery 


SURGICAL TREATMENT 


Surgical Anatomy 

The surgical anatomy of the rectum and perineum is pre- 

on p. 

Positioning 

Clip and aseptically prepare the perineum or ventral ab¬ 
domen. The patient should be positioned in ventral recum¬ 
bency with the hindlegs over the end of the table. The pelvis 
should be elevated with padding, and the tail should be se¬ 
cured over the back. The end of the table should be padded 
to prevent pressure on the femoral nerves. As an alternative, 
a perineal stand may be used. 


Sphincter-enhancing procedures for treating fecal inconti¬ 
nence in animals have been inadequately investigated; de¬ 
scribed surgical techniques must be considered investiga¬ 
tional. Anal sphincter function has been enhanced by using 
either a fascial sling, silicone elastomer (Silastic sheeting 
#501-3) or dynamic myoplasty (Konsten et al., 1995; 
Congilosi et ah, 1997; Rosen et al, 1997)* 


Preoperative Management 

The colon should be evacuated with laxatives, oral cathar¬ 
tics, and enemas, and any remaining fecal material should be 
manually evacuated after induction of anesthesia* Antibi¬ 
otics effective against gram-negative and anaerobic bacteria 
(see Table 21-53) should be given after induction. 


SURGICAL TECHNIQUES 


Fascial Sling 

Harvest two s trips o f tensor fasciae latae {6 cm X 0 .5 cmj from 
the la tera I th igh, suture them togeth er, and fra ns fer to the anus. 
Close the fascial defect and appose the subcutaneous tissues 
and skin. Make a 3- to 4 cm incision 
anus just lateral to the tail base. Connect the two incisions by 


Anesthesia 


General anesthesia is recommended. Anesthetic recommen¬ 


dations for animals undergoing rectal and perinea] surgery 


on each side of the 


given on p. 417* 


are 


Coccygeus 
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FIG 21-129 

Fecal continence may be improved by enhancing the function of the anal sphincter with an 
implant. A, Make 3- to 4-cm incisions on each side of the anus. Connect the incisions with 
a tunnel dorsal and ventral to the anus. B, Direct the implant through the tunnels. C, Secure 
the implant to the coccygeus muscle, pull it snug around a probe, and secure it to itself. 

(Modified from Dean PW et al: Vet Surg 17:304, 1988.) 
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undermining the tissue ventral to the anus with a curved he- 
mostat. Direct the fascial strip around the ventral anus using 
curved hemostais. Suture the fascia to the coccygeus muscle at 
Aes base of th e tail on a ne s ide, pull it sn ug, and s uture if to the 
tall base on the oppos ite s ide us ing 2-0 or 3-0 monofilament 
nonabsorbable suture (nylon, polybutester, or polypropylene). 
As on alternative, secure one on d to the coccygeus m uscle and 
direct the oth er end of the fascial s trip o ver the base of the ta if 
puff j'f snug, and suture it to itself of the tail hose. Lavage the 
area and reappose the subcutaneous tissues and skin , 

Implantation of a Silicone Elastomer 

Mate two incisions lateral to the anus as described above 
(Fig. 21-129, A). Make a tunnel ventral and dorsal to the 
anus wftfi curved hemostats . Insert the implant through the 
funnels (fig. 21-129, Bj. Overlap th e implant ends and pull 
it snug around the anus . To prevent overtightening f place a 
i ■ cm proto in file rectum wh ile the imp Ian t i s tigh tened (Fig . 
2b 129, CJ. Sufr/re the overlapping ends of the implant to¬ 
gether with nonabsorbable , monofilament suture (e g 

or 3-0 nylon, polybutester, 

area and reappose the subcutaneous tissues and skin , 


Konsten J et ai: Dynamic myoplasty in growing dogs as a feasibility 
study for treatment of fecal incontinence, / Pediatr Surg 30:380, 
1995* 

Rosen HR et al: Muscle transformation of the sar tonus muscle in a 
canine model, Dis Colon Rectum 40:1321,1997. 


Selected abstracts of recent manuscripts 

or proceedings 

Oral cavity 

Sager M, Nefen S. Use of buccal mucosal flaps for correc¬ 
tion of congenital soft palate defects in three dogs. Vet Surg 
27:358, 1998. Bilateral buccal mucosal flaps, based at the 
palatoglossal arches, were raised and used to repair soft 
palate defects in three foxhound-cross dogs* One flap was ro¬ 
tated so that the mucosal side created the floor of the na¬ 
sopharynx. The second flap was rotated so that the mucosal 
side formed the roof of the oropharynx. The rnocosa of the 
remnant of the soft palate and pharyngeal walls was incised, 
and the flaps were sutured to these free mucosal edges* The 
caudal ends of the two flaps were sutured to each other. 
Complete closure of the soft palate defect was obtained in all 
three dogs. 

Theon AP, Rodriguez C> Madewell BR. Analysis of prog¬ 
nostic factors and patterns of failure in dogs with malig¬ 
nant oral tumors treated with megavoltage irradiation. / 
Am Vet Med Assoc 210:778,1997. A prospective clinical trial 
was performed to determine the quality and duration of 
progression-free survival time in dogs with malignant oral 
tumors after definitive megavoltage irradiation. One hun¬ 
dred and five dogs with squamous cell carcinoma, fibrosar¬ 
coma, or malignant melanoma of the oral cavity without 
metastasis were studied. In 8% of the dogs severe acute radi¬ 
ation reactions occurred, requiring discontinuation of the 
treatment. In 7.6% of the dogs chronic radiation reactions 
occurred, such as bone necrosis and fistula formation. Dogs 
with malignant melanoma were 7.6 times more likely to 
develop metastases than were dogs with squamous cell car¬ 
cinomas * 

Yoshida K, Watarai Y, Sakai Y et al* The effect of intraie- 
sional bleomycin on canine acanthomatous epulis* / Am 
Anim Hasp Assoc 34:457> 1998* Four dogs with recurrent 
acanthomatous epulis were injected with bleomycin (5 mg) 
intralesionally once a week. In 3 dogs the tumor was no 
longer apparent within 3 to 8 weeks* In 1 dog the tumor dis¬ 
appeared after 10 injections. No adverse reactions were 
noted in any of the dogs. 

Esophagus 

Berry WL* Spirocerca 

dogs: resolution after treatment with doramectin. / Vet 
Intern Med 14:609, 2000* Seven dogs with Spirocerca lupi 
esophageal granulomas were identified based on the site of 
involvement (i.e„ distal esophagus) and characteristic en¬ 
doscopic appearance* Six dogs had signs of esophageal 
disease and 1 dog was asymptomatic. Ova were identified 
in the feces of only 2 dogs. All 7 dogs were treated with 


2-0 


polypropylene). Lavage the 


or 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Analgesics should be given as needed, and antibiotics should 
be continued for several days to minimize the risk of implant 
infection* Stool softeners should be administered (see Table 
21-37), and a low-residue diet fed. The animal should be 
monitored for infection and effectiveness of the procedure. 
Tenesmus is expected for several days* 


COMPLICATIONS 


The major complications associated with these procedures 
are failure or recurrence of incontinence. Slings often loosen 
slightly after implantation* Correction of incontinence may 
be only partial, and some signs may persist. Infection, dehis¬ 
cence, and sloughing of the implant are risks. Persistent 
tenesmus and obstruction may occur if the sling is too snug. 


PROGNOSIS 


The prognosis depends on the type and extent of the incon¬ 
tinence, Complete neurogenic incontinence is incurable. Im¬ 
proved sphincter function is expected after surgery, although 
signs may worsen with loosening of the implant. Muscle 
trauma or irritation often causes partial or temporary in¬ 
continence, which improves as the muscles heal* 


References 


i esophageal granulomas in 7 


Congilosi SM et al: Experimental model of pudendal nerve inner¬ 
val ton of a skeletal muscle neosphincter for faecal incontinence, 
BfJSurg 84:1269,1997* 

PeenKI el al: Anal sphincter defects: correlation between endoanal 
ultrasound and surgery, Ann Surg 218:201,1993. 

Guilford WG: Fecal incontinence in dogs and cats, Com pend Cant 
EducPraa Vet 12:313,1990. 
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dorameetin at a dosage of 200 mg/kg given subcutaneously 
at 14-day intervals for three treatments. By 6 weeks, clini¬ 
cal signs had resolved in 6 dogs and the esophageal nodules 
had completely resolved in 4 dogs. Two dogs with incom¬ 
plete resolution were treated again with dorameetin at 500 
mk/kg given orally daily for an additional 6 weeks. Com¬ 
plete resolution of the esophageal nodules was confirmed 
by endoscopy in all the dogs. No dog experienced adverse 

m the drug, and all symptomatic dogs were dis~ 

ease free for periods ranging from 3 to 4 years at the time 
of the report, 

Lorinson D, Bright RM. Long-term outcome of medical 
and surgical treatment of hiatal hernias in dogs and cats: 
27 cases (1978-1996), / Am Vet Med Assoc 213:381, 1998, 

Twenty-two dogs and 5 cats with hiatal hernias were evalu¬ 
ated retrospectively. The most common breeds affected 
English bulldogs and domestic shorthair cats. The 
of all dogs and cats was 4 years. Eight of 15 dogs and cats 
treated medically (drugs, dietary management, or both) for 
30 days had complete resolution of signs. Of the 7 that did 
not respond to medical management, 1 died and 7 under¬ 
surgery. Eight of 10 dogs that underwent hiatal plica¬ 
tion, esophagopexy, and gastropexy responded favorably, 
Fundoplication was successful in only 1 of 4 dogs with clin¬ 
ical signs. The authors recommended medical management 
for 30 days followed by surgery if there is no response. 

Stomach 

Glickman LT, Glickman NW, Schellenberg DB, Raghavan 

M, Lee i L, Incidence of and breed-related risk factors for 
gastric dila tat ion-volvulus in dogs, / Am Vet Med Assoc 
216:40, 2000, A prospective cohort study was performed to 
compare the incidence of and breed-related risk factors for 
gastric dilatation-volvulus (GDY) among 11 dog breeds. The 
study involved 1914 dogs. Of the 105 dogs that developed 
GDV, 28.6% died. The incidence of GDV increased with 
The only breed-specific characteristic significantly 
ated with a lower incidence of GDV was an owner-perceived 
personality trait of happiness, 

Glickman LT, Glickman NW, Schellenberg DB, Raghavan 
M. Nondietary risk factors for gastric dilatation-volvulus 
in large- and giant-breed dogs, / Am Vet Med Assoc 
217:1492, 2000, A prospective cohort study was performed 
to identify nondietary risk factors for gastric dilatation- 
volvulus (GDV) in large-breed and giant-breed dogs. The 
study involved 1637 dogs without a history of GDV that 
were identified at dog shows. Physical measurements of the 
dogs were obtained. Information about the dog's medical 
history, genetic background, personality, and diet was ob¬ 
tained at approximately l -year intervals. The cumulative in¬ 
cidence of GDV was 6% for large-breed and giant-breed 
dogs. Factors significantly associated with an increased risk 
of GDV were increasing age, having a first-degree relative 

history of GDV, a faster eating speed, and a raised 
feed bowl Approximately 20% (large-breed dogs) and 52% 

(giant-breed dogs) of cases of GDV were attributed to hav¬ 
ing a raised feed bowl. 


Rivers B, Walter PA, Johnston GR, Feeney DA, Hardy RM, 
Canine gastric neoplasia: utility' of ultrasonography in di¬ 
agnosis./ Am Anim Hosp Assoc 33:144,1997. Six dogs with 
gastric tumors were studied prospectively to determine die 
utility of ultrasonography in the diagnosis of their disease. 
Gastric neoplasia was confirmed by cytologic or histopatho¬ 
logic evaluation, or both. Gastric neoplasia was associated 
with mural thickening with loss of normal wall sonographic 
layers and decreased or absent local motility. Sonographic 

findings were consistent with tumor localization obtained by 

■ 

other diagnostic methods. Ultrasonographic-guided, percu¬ 
taneous fine-needle biopsies were successful i n 2 of 3 dogs. 

Small intestine 

Applewhite AA, Cornell KK, Hawthorne JC, En tempta¬ 
tion: benefit versus risk for prevention of intestinal intus¬ 
susception. Proceedings of the Annual Meeting of the 
American College of Veterinary Surgeons, 2000, A retro¬ 
spective study of 37 dogs was performed to compare the 
complication rate in dogs treated for intussusception that 
underwent enteroplication with those that did not. Thedogs 
were followed for a minimum of 6 months (mean, 28.8 
months). The most common location for intussusception 
was the ileocolic junction; 23 dogs had an identifiable cause, 
Enteroplication was performed in 20 of the 37 dogs. There 
was no recurrence in the dogs that had plication performed, 
whereas 1 dog that did not have the procedure had 
rente. Three dogs had complications (obstruction, strangu¬ 
lation, perforation of the jejunum) associated with the plica¬ 
tion. Ihe authors suggested that benefit versus risk be 
considered before performing plication. 

Coolman BR, Ehrhart N, Pijanowski G, Ehrhart Eh 
Coolman $L, Comparison of skin staples with sutures for 
anastomosis of the small intestine in dogs, Vet Surg 29:29^ 

2000, Cadavers and research dog were used to study intes- 

anastonioses performed with skin staples (SSA) 
hand sutured (HSA), Healing and clinical 
evaluated in 12 purpose-bred dogs assigned to two groups of 
6 animals each. Each dog had 1 SSA and 1 HSA performed 
in the jejunum, 50 cm apart. Six dogs were killed 4 days post- 
operatively, and 6 were killed 21 days postoperativelv. The 
authors concluded that approximating end-to-end intestinal 
anastomosis with a skin stapler is equivalent in bursting 
strength, lumen diameter, lumen circumference, and healing 
characteristics to the traditional hand-sewn technique but 
can be performed in significantly less time. 

Crawshaw J et at. Prognosis tor dogs with non lymphoma- 
tous, small intestinal tumors treated by surgical excision. J 
Am Anim Hosp Assoc 34:451, 1998, Long-term follow-up 
information was obtained retrospectively for 39 dogs that 
had undergone surgical excision of nonlymphomatous tu¬ 
mors of the small Intestine. Twenty-three dogs had adeno¬ 
carcinomas, and 16 had leiomyosarcomas. The median 
vival time was 10 months; the 1-year survival rate was 

was 33.1%. Survival 

times were significantly shorter if there was evidence of 
metastasis at the time of surgery, thus regional lymph nodes 


mean age 


wen t 


a recur- 


age. 
assori- 


or 


response were 


sur- 


40.5%, and the 2-year survival rate 
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Chapter 21 Surgery of the Digestive System 


dog with the ventral colostomy died. The authors concluded 
that diverting colostomy was a suitable technique for treat¬ 
ment of dogs with obstruction or leakage involving the dis¬ 
tal colon or rectum, 

Hardie RJ, Gregory 5P, Tomlin j, Sturgeon C, Ladlow J, Lip- 
comb V, Cyclosporine treatment of perianal fistulae in 26 
dogs. Proceedings of the Annual Meeting of the American 
College of Veterinary Surgeons, 2000. Perianal fistulae in 26 
dogs were identified, graded, and treated with cyclosporine 
(4 mg/kg given orally every 12 hours). The dogs were treated 
until resolution, and if the fistulae did not resolve, remain¬ 
ing areas were surgically resected. The fistulae in 11 dogs 
were considered mild, in 8 dogs they were moderate, and in 
7 they were severe. The mean duration until resolution was 
8.8 weeks, Improvement was seen in 96% of the dogs; 72% 
of those had complete resolution and 28% improved but re¬ 
quired surgery. Thirty-six percent of the dogs developed re¬ 
current lesions at an average of 10.6 weeks after treatment, 
and 62% had adverse reactions (hair loss, diarrhea, vomit¬ 
ing, lethargy). The authors concluded that cyclosporine is ef¬ 
fective for treatment of perianal listulae, but complete reso¬ 
lution does not occur in all dogs. Adverse reactions are well 
tolerated, and differences in absorption or immune response 
may be seen between dogs. 

Tisdall PLC, Hunt GB, Beck JA, Malik R. Management of 
perianal fistulae in five dogs using azathioprine and 
metronidazole prior to surgery. Awsf Vet } 77:374, 1999. 

five dogs with perianal fistulae treated with azathioprine (50 
mg/dog given orally once a day or every 24 hours) and 
metronidazole (400 mg/dog given orally once a day or every 
24 hours) were evaluated in a prospective fashion. Treatment 
was continued until improvement in the lesions reached a 
plateau. Residual fistulae and anal sac remnants were 
surgically excised, and medical therapy was continued tor an 
additional 3 to 6 weeks. Signs attributable to anal irritation 

diminished or eliminated in all dogs within 2 weeks, al¬ 
though visible healing of lesions progressed more slowly. 
The authors concluded that azathioprine with metronida¬ 
zole effectively reduced perianal irritation and the severity 
and extent of lesions before surgery Treatment was econom- 
even in large dogs and associated with few adverse side 

effee ts. 

Valerius KD et ah Adenomatous polyps and carcinoma in 
situ of the canine colon and rectum: 34 cases (1982-1994). 
/ Am Anim Hosp Assoc 33:156, 1997. A retrospective study 
of 34 dogs with colorectal mucosal lesions was performed, 
Hematochezia (82%) was the most common presenting 
sign. Most dogs had solitary masses in the rectum. Twelve 
masses were classified as adenomatous polyps and 22 as car¬ 
cinoma in situ. Clinical signs recurred in 41% ot the cases, 
and malignant transformation of the tumor was docu¬ 
mented in 18% of the cases. 


should be biopsied. Removal of approximately 5 cm of nor¬ 
mal bowel on either side of the tumor and wide resection of 
the corresponding mesentery are recommended, 

Lamb CR, Mantis R Ultrasonographic features of intes¬ 
tinal intussusception in 10 dogs, J Small Anim Pract 
39:437, 1998. Ultrasound images of dogs with surgical or 
pathologic diagnoses of intestinal intussusception were re¬ 
viewed with respect to appearance of the intussusception, 
suspected location, evidence of predisposing cause, and con¬ 
current lesions. A concentric ring sign was identified ultra- 
sonographically in each dog, and the anatomic location was 
predicted correctly in five instances. Additional ultrasono¬ 
graphic findings included intestinal neoplasms in 2 dogs, en¬ 
larged abdominal lymph nodes in 2 dogs, multiple mesen¬ 
teric cysts in 1 dog, and intestinal foreign body in 1 dog, 

Weisman DL, Smeak DD* Birchard SJ* Zweigart SL. Com¬ 
parison of a continuous suture pattern with a single inter¬ 
rupted pattern for enteric closure in dogs and cats: 83 cases 

(1991-1997). / Am Vet Med Assoc 214:1507, 1999. Fifty- 

eight dogs and 25 cats that underwent enterotomy or intes¬ 
tinal resection and anastomosis were evaluated retrospec¬ 
tively. Ninety-eight percent of the animals had no signs of 
intestinal dehiscence and survived longer than 2 weeks. The 
authors concluded that a simple continuous closure pattern 
is an acceptable alternative to simple interrupted closure for 
small intestinal anastomosis or enterotomy closure. 

Large intestine 

Slawienski MJ, Mauldin GE, Mauldin N, Patnaik AK. Ma¬ 
lignant colonic neoplasia in cats: 46 cases (1990-1996). / 
Am Vet Med Assoc 211:878,1997. Forty-six cats with malig¬ 
nant colonic neoplasia were studied retrospectively. The 
mean age of the affected cats was 12,5 years. Ultra so no gra¬ 
in localizing the mass to 

intestine. Histopathologic diagnoses included adenocarci¬ 
noma (21), lymphoma (19), mast cell tumor (4), and neu¬ 
roendocrine carcinoma (2). The median survival times of 
cats that had subtotal colectomy, mass resection, and biopsy 
were 198 days, 90 days,and 22 days, respectively. The median 
survival time for cats with metastasis (19) was 49 days, 
whereas those without metastasis (13) lived a median ot 259 
days. In contrast to the cats with colonic lymphoma, a sig¬ 
nificant increase in survival time was found in cats with 
colonic adenocarcinomas that had subtotal colectomy. 

Perineum 

Hardie EM, Gilson SD, Use of colostomy to manage rectal 
disease in dugs. Vef Surg 26:270, 1997. The study involved 
Jive client-owned animals with disease requiring diverting 
co[ostomy, The colon was exteriorized adjacent to the linea 

rfl? * £2 - u * ** * “ * 1 • 4* 

alba in 1 dog and through a muscle-separating 
preach in 4 dogs. The major complication was skin excoria¬ 
tion around the stoma with the flank approach. The flank 
colo stom ies were maint ained for 3.5 weeks to 7 months; the 


pby was useful 84% of the time 
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Blood Transfusions 


DEFINITIONS 


ml of Donor Blood Needed 


Hepatectomy refers to removal either of the entire liver 
(total hepatectomy) or of a portion of the liver (partial 
hepatectomy). 


Recipient blood volume* X 


Desired PCV 


PCV of anticoaguloted donor blood 


PREOPERATIVE CONCERNS 


Total blood volume is estimated at 90 ml/kg for dogs and 70 


The liver is the largest gland in the body. It is the primary site 
of the metabolism (detoxification) of many substances and 
plays a central role in the metabolism of protein, fat, and car¬ 
bohydrates. Unfortunately, clinical signs of hepatic disease 
may not be apparent until the disease is advanced and dys¬ 
function is irreversible. Hepatic failure may affect many 
other organ systems, including the central nervous system 
(CNS), kidneys, intestines, and heart. 

The liver produces most of the plasma proteins, including 
albumin, a- and (3-globulins, fibrinogen, and prothrombin. 
Hypoalbuininemia is common in patients with advanced 
hepatic disease that may also be dehydrated because of vom¬ 
iting. Fluid therapy may further dilute albumin; plasma or 
colloid infusions should be considered in these patients, in 
addition to electrolyte solutions. Albumin levels below 2 g/dl 
may delay wound healing. Severe electrolyte abnormalities 
are uncommon with hepatic disease, but assessment of 
potassium levels is warranted. Coagulopathies may occur 
because of diminished synthesis of clotting factors or con¬ 
sumption. Preoperative evaluation of dotting function, es¬ 
pecially the mucosal bleeding time, is warranted; transfu¬ 
sions with fresh whole blood may reduce intraoperative 
hemorrhage in selected patients. Some patients with hepatic 
disease are anemic because of nutritional deficiencies, coag¬ 
ulation abnormalities, or gastrointestinal hemorrhage. Ani¬ 
mals with a hematocrit below 20% or anemic animals that 
are clinically hypoxic or weak should be given p re operative 
blood transfusions (Table 22“ 1). Many patients with liver 
disease are anorexic and may require nutritional supple¬ 
mentation before surgery (see Chapter 11). Hypoglycemia 

severe hepatic insufficiency; monitoring of 


ml/kg for cats 


Note: A rough estimate is that 2.2 ml of blood/kg of body weight 
will increase the recipient's PCV by 1%, 

PCV, Packed 


ceil volume. 


blood glucose levels and supplementation of fluids with glu¬ 
cose may be needed. Patients with massive ascites may have 
ventilatory disturbances as a result of diaphragmatic dis¬ 
placement and restriction of lung expansion. In such pa¬ 
tients removing some abdominal fluid before induction or 

anesthesia may help prevent hypoventilation. Patients with 
hepatic encephalopathy should be treated with dietary ther¬ 
apy, appropriate antibiotics, enemas, fluids, and other med¬ 
ications (see p. 460) to diminish or eliminate clinical signs 
before surgery. 


NOTE ■ The cranial location of the liver may make 
hepatic biopsy somewhat difficult, particularly in 
large, deep-chested breeds or when the liver is at 
normally small. In these animals extend the incision 
as far cranially as necessary to facilitate hepatic 
exposure. 


ANESTHETIC CONSIDERATIONS 


In animals with hepatic dysfunction, the ability to metabolize 
and inactivate some drugs may be impaired because of de- 
creases in the hepatic metabolic rate, hepatic blood flow, the 
volume of distribution (i.e., of drugs that are highly protein 
bound), and extraction efficiency As a result, drugs com- 


occurs w 
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Chapter 22 Surgery of the Liver 


Inhalation anesthetics are the preferred method ot main¬ 
taining anesthesia in patients undergoing hepatic surgery. 
The heart rate and rhythm, respiratory rate, and urine out¬ 
put should be monitored. Hyperventilation may cause a sig¬ 
nificant decrease in portal blood flow. Halo thane and isoflu- 

cause decreases in portal blood flow, but hepatic 


monly used to anesthetize veterinary patients may have a 
prolonged duration of action or altered function. Acetylpro- 
mazine lowers the seizure threshold and should not be used 
in patients with hepatic encephalopathy* It also lowers sys¬ 
temic vascular resistance and blood pressure and may alter 
the metabolism of some drugs (i.e., procaine, succinyl- 
choline); it should be avoided in patients with severe hepatic 
dysfunction. Diazepam is useful as a premedicant or induc¬ 
tion agent in patients with hepatic dysfunction because it 

mild, dose-related CN5 depression, does not depress 
the cardiopulmonary system, raises the seizure threshold, and 
be antagonized with flumazenil (Table 22-2). Diazepam 
is best used in conjunction with an opioid because 
it may disinhibit some behaviors when used alone. It should 

f 

be used with caution in hypoalbuminemic patients. Most 
opioids have little or no adverse effect on the liver; however, 
intravenous morphine should be avoided in dogs with he¬ 
patic dysfunction, because it may cause hepatic congestion 
through histamine release and hepatic vein spasm. Although 
some opioid analgesics may have prolonged action when he¬ 
patic function is reduced, their effects can be antagonized. 
Barbiturates fe.g., thiopental) should be used cautiously or 
avoided in patients with significant hepatic disease because 
these drugs may have a prolonged duration of action; how¬ 
ever, propofol (at reduced doses) has been used successfully 
in patients with hepatic dysfunction. Ketamine is metabo¬ 
lized in the liver of dogs (it is excreted largely unchanged in 
the urine of cats), and its central stimulant action may pre¬ 
cipitate seizures in encephalopathic patients. Therefore keta¬ 
mine should be administered at reduced dosages to dogs with 
mild hepatic dysfunction and avoided in patients with severe 
dysfunction. See recommendations on p. 461 tor anesthetic 
management of animals with portosystemic shunts. 






rane 

arterial blood flow tends to increase during isoflurane anes¬ 
thesia, preserving hepatic oxygenation. Unlike halothane, 
isoflurane and sevo flu rane have not been associated with 


postoperative hepatic dysfunction* Therefore isoflurane or 
sevoflurane is the inhalation agent of choice for patients 
with severe hepatic disease. Monitoring of the blood gases, 
blood pressure, blood glucose concentration, hematocrit, 
and total protein is advantageous in these patients* 


ca u se s 


can 


ANTIBIOTICS 


Anaerobic bacteria normally reside in the liver but may pro¬ 
liferate with hepatic ischemia or hypoxia* Therefore prophy¬ 
lactic antibiotics are warranted in most patients undergoing 
hepatic surgery. The pharmacokinetics of antibiotics may be 
altered in these patients by depressed hepatic metabolism, 
alterations in hepatic arterial or portal blood flow, hvpoal- 
buminemia, or reductions in biliary excretion. Antibiotics 
specifically indicated in the treatment of hepatic en¬ 
cephalopathy (see p* 461), bacterial hepatitis, and hepatic ab¬ 
scesses* Broad-spectrum antibiotics effective against anaer¬ 
obes (Lc., penicillin derivatives, metronidazole, and 
clindamycin) are appropriate and relatively safe in patients 
with hepatocellular compromise (Table 22-3), Potentially 
hepatotoxic antibiotics (e*g., chloramphenicol, chlortetracy- 
dine, or eryth romycin) sho u 1 d be avoided if possibIe. 


are 


l- 


NOTE • Metronidazole, when administered at 
doses above 60 mg/kg of body weight, has caused 
neurologic signs (e.g., ataxia, nystagmus, head tilt, 
and seizures) in some dogs* 


ze 


s- 


TABLE 22-2 


a- 


of 


Selected Anesthetic Agents for Animals 
with Hepatic Disease* 


th 


■r- 


d- 


Pre medication 

Give atropine (0,02-0.04 mg/kg SC or IM) or glycopyrre¬ 
late (0,005-0*011 mg/kg SC or IM) plus oxymor- 
phonet (0.05-0.1 mg/kg SC or IM) or butorphonol 
(0.2-0.4 mg/kg SC or IM) or buprenorphine (5-15 
gg/kg IM) 

Induction 

Diazepam (0.2 mg/kg IV) plus etomidote (0.5-1.5 mg/kg 

IV] or propofol (4 mg/kg IV to effect)* As an alternative, 
if the patient is not vomiting, use mask induction or give 
thiopental at reduced doses* 

Maintenance 

Isoflurane or sevoflurane 


ns 


TABLE 22-3 


Antibiotics in Animals with Hepatocellular Compromise 


AmpicHlin 


1 


22 mg/kg IV, IM, or SC, Kd to qid 


)- 


n 


Metronidazole (Flagyl) 

10 mg/kg PO, tid 

Cef azotin [Ancaf Kefzol) 

20 mg/kg IV or IM, tid to qid 


C 


Clindamycin (Antirobe) 


lize 


1 1 mg/kg PO, bid 


de- 


*S« p ^62 for recommendations for patients with portosystemic 
shunts. 

tUse 0.05 mg/kg in cots. 

SC, Subcutaneous; M t intramuscular; IV f intravenous. 


the 


IV f Intravenous; IM, intramuscular; SC, subcutaneous; Hd f three times 
□ day; qid , four limes □ day; PO, oral; bid, twice o day. 


tei n 
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FIG 22-1 


Anatomy of the liver. 


SURGICAL ANATOMY 


SURGICAL TECHNIQUES 


The diaphragmatic surface (parietal surface) of the liver is 
convex and ties mainly in touch with the diaphragm. The 
visceral surface faces caudoventrally and to the left and con¬ 
tacts the stomach, duodenum, pancreas, and right kidney. 
There are six hepatic lobes (Fig. 22-1). The borders of the 
liver are normally sharp but appear more rounded 
animals and in those with infiltrated, congested, or scarred 
livers. The liver has tw r o afferent blood supplies, a low- 
pressure portal system and a high-pressure arterial system. 
The portal vein drains the stomach, intestines, pancreas, and 


Surgery of the liver is complicated by the fact that hepatic 
tissue is friable. Because of the sparsity of fibrous protein 
in the liver, sharp dissection is difficult and results in re¬ 
traction of blood vessels and bile ducts in the friable 
stroma. Ligation of structures (he,, blood vessels and bile 
ducts) after they have been cut is extremely difficult. Pack¬ 
ing the liver firmly enough to obtain hemostasis may cause 
compressed cells to become ischemic and necrotic Main¬ 
taining hepatic blood supply is important, because the 
liver normally harbors pathogenic anaerobes. For these 
reasons, surgery of the liver requires techniques different 

surgery on most other abdominal 


myoung 


spleen and supplies four fifths of the blood that enters the 


liver. The remainder of the afferent blood supply is from the 
proper hepatic arteries. These arteries are branches of the 
common hepatic artery and may number between two and 
five. The efferent drainage of the liver is through the hepatic 
veins. In the fetal pup, the ductus venosus shunts blood from 
the umbilical vein to the hepatic venous system. The ductus 
venosus becomes fibrotic after birth and is known as 


from those used in 


organs. 

Hepatic biopsies are commonly indicated in patients 
known to have or suspected of having hepatic disease. The 
biopsies may be obtained percutaneously, with laparoscopy 

* 129), or at surgery. Partial hepatectomies are less 
commonly performed but may be indicated for focal neo¬ 
plasms or trauma. The standard approach for hepatic 
gery is a cranial ventral midline abdominal incision. The 

caudal aspect of the sternum can be split if additional expo¬ 
sure is needed. 


(see p 




amentum venosum. Bile, formed in the liver, is discharged 

into bile canalicuii lying between the hepatocytes, These 

canaliculi unite to form interlobular ducts that ultimately 

■■ 

merge to form lobar or bile ducts (see p. 476). The portal 
vein, bile ducts, hepatic artery, lymphatics, and nerves are 
contained in the lacelike and nonsupporting portion of the 
lesser omentum known as the hepatoduodenal ligament. 


sur- 




NOTE * Be sure to obtain a liver biopsy in all pa¬ 
tients with clinical signs of or laboratory abnormal 
ties consistent with hepatic disease, or whenever the 
liver appears grossly abnormal. 


NOTE * Use caution when dissecting around the 
pylorus to avoid damaging the common bile duct. 
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Chap ter 22 Su rge ry of th e L iver 


Percutaneous Liver Biopsy 


Percutaneous core biopsies or fine-needle aspirations are 
most successful in patients with diffuse hepatic disease; how- 
ultrasound guidance allows biopsy of some focal lesions. 


even 

Animals with clinical bleeding, severe thrombocytopenia 
(i,e„ fewer than 20,000 platelets/pd), cavitary lesions, a pro¬ 
longed mucosal bleeding time, or 

termined with ultrasound) should not have percutaneous 
biopsies because of the risk of uncontrollable hemor 
rhage or abdominal infection. Caution is also recommended 
with line-needle aspiration in these patients. Tissue core 
biopsies may be obtained with a lru-Lut biopsy (Fig, 22-2), 
a large-bore needle, or an automated biopsy device (e.g,, Bard 

Biopty Instrument). For histopathologic specimens, the Tru- 
Cut needle should be removed from the syringe or gun and 
placed in formalin. Once the sample has been fixed, it should 
be removed from the needle for processing. A fine-needle 
biopsy may be performed using a 14-gauge needle, 
which is passed repeatedly through the liver. If core biopsies 
are performed, two or three (2-cm long) samples should be 
obtained. Fine-needle aspirates may be obtained with a 
band-held syringe or an aspiration gun with a syringe at¬ 
tached to a 20- to 25-gauge, 1- to 3-inch needle. A syringe 
with a small amount of air is then attached to the needle, and 


highly vascular lesions (de 
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the cells are blown out onto a slide. Fine-needlc aspiration is 
most likely to be diagnostic in patients with diffuse hepatic 
neoplasia (e.g., lymphosarcoma), fungal disease, or 
pathic he pa t i c lipi do sis. H o w ever, inab 11 i ty to diagn o se t hese 
conditions on a fine-needle aspirate does not preclude dis- 
Percutaneous biopsies may be obtained under tranquil- 
ization or heavy sedation using a transthoracic or transab 
dominal approach. The latter is described here. 
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With fhe onimoi in dorsal recumbency , clip the hair from the 

surrounding the xiphoid process and prepare it for 
aseptic surgery. Moke a small incision in the skin on /fie left 
side be/ween ffie costa/ arcfi and the xiphoid process. Insert 
the biopsy need/e /firougfi the skin incision in a craniodorsal 
direction, angling it slightly toward the left of midline . Ad- 

the needle until ultrasound guidance shows the needle 
to be positioned of /fie surface of the liver : Advance the 
biopsy need/e info /fie hepatic tissue and obtain the biopsy 

Sample (see Fig. 22-2). 

Surgical Liver Biopsy 

Biopsies of the liver should be routinely done during 
ploratorylaparotomy in animals known to have or suspected 
of having liver disease. Surgical biopsy allows the entire liver 
to be thoroughly inspected and palpated and focal lesions 
be biopsied for histopathologic examination, culture, or 
copper analysis. Furthermore, hemorrhage from the biopsy 
site can be readily identified and controlled with proper 
'echnique. If generalized hepatic disease is present, the sam¬ 
ple can be taken from the most accessible site (marginal 
biopsy samples). With focal disease, the entire liver should 
bu carefully palpated for intraparenchymal nodules or cavi¬ 
ties and representative samples obtained. The information 
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FIG 22-2 


Tissue core biopsy. 
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gained from histologic examination of the liver may prove 
beneficial in determining the prognosis, diagnosis, and long¬ 
term management of patients with hepatic dysfunction. 

A biopsy of the hepatic margin may be obtained by the 

guillotine” method. 


yS 


ex- 
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ie 


it 


to 


>- 


Place a loop of suture around the pro/rud;ng margm of 
liver lobe. Pull the ligature tight and allow it to crush /firougfi 

the fiepatic parenefiyma before tying it (Fig. 22-3 f A). As /fie 

suture tears /firougfi the soft hepatic tissue , vessels and bib 

ducts are ligated. Hold the liver gently between the fin 

sharp blade, cut the hepatic tissue ap- 


a 


n 




(ary 

gers and f using a 
proximately 5 mm distal to the ligature (allowing the stump 
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hepatic arteriovenous fistulae, focal neoplasia, hepatic ab¬ 
scesses, or trauma). Partial lobectomy may be challenging 
because of the difficulty in obtaining hemostasis and should 
be done with extreme caution in animals with bleeding dis¬ 
orders. Stapling instruments have been used for both partial 
and complete lobectomies, but discretion should be exer¬ 
cised in their use because hemorrhage may occur if the sta¬ 
ples do not adequately compress hepatic tissue. 

Determine the line 
parenchyma and that to be removed and sharply incise /fie 

liver capsule along the selected site (Fig. 22-4 , Aj. B/un/iy 

fracture the liver with the fingers (Fig. 22-4, BJ 

end of 

parenchymal vessels . Ligate large vessels (hemochps may be 
used) and electrocoagulate small bleeders encountered dur¬ 
ing the dissection (Fig. 22-4, tj. As an alternative, piece a 

device fAutosuture TA 90, 55, or 30) across the 

base of the lobe and deploy the staple s. Excise the hepatic 


of crushed tissue to remain with the ligature).. To avoid crush¬ 
ing the biopsy sample and causing artifacts, do no/ handle 
ith tissue forceps. Place a portion of the sample in for¬ 
malin for histologic examination; reserve the remainder for 
culture and cytologic study. Check the biopsy site for hemor¬ 
rhage. If hemorrhage continues, place a pledget of ab¬ 
sorbable gelatin foam over the site. As an alternative, if a fo- 
I (nonmarginal) area of the liver is to be biopsied, use a 

punch biopsy or 
era/ overlapping guillotine sutures around the margin of the 

lesion and excise it 
biopsy to ovoid penetrating more 
the liver with each biopsy. Apply pressure to the site until 

bleeding 

absorbable gelatin foam 

Partial Lobectomy 

Partial lobectomy may be indicated in some cases when dis¬ 
ease involves only a portion of a liver lobe (e.g,, peripheral 


it w 


c a 


Tru-Cut biopsy (see Fig. 22-2) or place 


f separation between normal hepatic 


if (Fig.. 22-3, B). Use caution with a punch 


than half the thickness of 


or 


Bard-Parker scalpel handle and expose the 


tops . tf hemorrhage continues, place a pledget of 


over the site. 
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For the right lateral and caudate lobes, careful dissection 
around the hepatic caudal vena cava usually is necessary. Be- 
fore performing the dissection, pass umbilical tape around the 
portal vein, celiac artery, cranial mesenteric arteries, and cau 
dal vena cava in front of and behind the liver. The tape is passed 
through rubber tubing, which can be used to occlude the he 
pa tic blood supply if uncontrollable hemorrhage occurs. 


parenchyma distal to the ligatures or staples. Before closing 
the abdomen ; make sure the raw surface of the liver is dry 
and free of hemorrhage . In small dogs and cats , several 
overlapping guillotine sutures (as described above] may be 
pieced along the entire line of demarcation (Fig. 22-5}. Be 
the entire width of the hepatic parenchyma is included 
the sutures . After tightening the sutures securely ; use a 
sharp Wade to cut the hepatic tissue distal to the ligature , al 
lowing a stump of crushed tissue to remain with the ligature. 

Complete Lobectomy 

Complete lobectomy may be indicated for some local lesions 
involving one or two hepatic lobes (e.g., traumatic lacera¬ 
tions of the liver or hepatic arteriovenous fistulae). The left 
lobes of the liver (Le„ left lateral and left medial lobes) main¬ 
tain their separation near the hilus more than do the other 
lobes, therefore the left lobes often can be removed in small 
dogs and cats by placing a single encircling ligature around 
the base of the lobe. 




rn 


small dogs and cats , crush the 

ith the fingers or a forceps * 


For the left lobes in 




the hilus w\ 


paren chyma 

Place an encircling ligature around the crushed area and tie. 
For the left lobes in larger dogs and for the right and cau 
date lobes , carefully dissect ; if necessary ■ the lobe from the 
caudal vena cava . Isolate the blood vessels and biliary ducts 
near the hilus and ligate them. Double ligate or 
ends of large vessels. Resect the parenchymal tissue , leaving 
stump of tissue distal to the ligatures to prevent retraction 
of the hepatic tissue from the ligatures and subsequent 
hemorrhage . 


oversow the 




a 


A 




i 


%, 


I 


l' 


i !■. 


p 


■■ 


■ 




■ ■■ 


Wwi 


.= 


■ 


i 1 9 










■ 


v 


i 






i" 




■ 


i 


■ ■ 


A 




j« : 


t 


-1 


m 




■ “i! * 




I 




■ ! 


■ 




.: ■ i.. i i 

■'■O' 


* * 


I PL 




i 






/ r 


. 


I L 


■ 


». 


■v fVLL 

k - I •iJF 




"“f 




■? 


f 


X 


■ HI 




I, 


IWft 1 






* ■ 




i .•A 


,’l 




I 


I 


'.I 


« 


1 


I 


I 


I 


■ i - 


% 


I I 


I 


J 


% 




1 I 


I V 




11 


■ 


■ 


ft 


m 




I 


■ ■ 1 


t 




y-' 




\ 


■Vv 


W ■- 










LI 


■ 1 




LI 




4 . • 


ss 




mV 




'i 


4 






if v^ ■■ ■ • p ■ ■ ■ r / 
/ 4 f / / / * * " " 






I I 




Tff // 

I r , 


I I 


i 


K 


FI 




4 


/f 


i 


I 


i 


I 


i 


■ 




> I 


' 




l 




i 


:mi 


k 


£ 


,V 




■ I "l 


I 


f 




7 


I 




• ■ 


I. 


I 




V 


I 


h 


■Ji 


ss 


I 


■ 


■ r i 


I i 


V 


f, 




a 1 . 


j.-.'j Vi 


■ 


WOA 








o.;-. 




//j- J'-i 




■ 


I 


Wry 
r / 


■ 


■ 




i 


« 




as 


'i 


ft 


a 


r v- 


■ 




■ri 


/ 






i 






I 9 




■" 




- 


- 9 


■ 


I 


I 




I 




I I 


ill 


9i 


J 9 


/ 


Wi 






S 




■ u.ar a 1 lyr 


VV 

■ 


■ 


-■ 


-■ 


'■to 


i f 


i 1 . 


■■ 


■ 


■ 






■ 


->•-■ ■ V 

/A 

■ x.- 


J5 






'V 


«K) 


■ . I 


B 


n 


* 


I 




, 


■ ■ 


oil 




\ 


m 


« n 






" 




r 


■ 


s 


a 


i tv 


p / 




B 


C 




•r 


k 


k 


■■ 


I 






’■ 


■ 




p,rv. 


v 


F'i 


i i* .' 

I 




I; 


I A 


J 


I • 


41 




■ 




I 


r- 






-■ 


■ 


■ 


kV 




f 


• v 




V 


h 


mjt 


I 


I J 


' I 






■> 














V et ■ '• 


I 


. 


I 


I 












a i 


■I ■ . * f 






Vl 


u 


Vl 


1 1 




l 




l 1 


8 


■- 


■o 


: 


1 


■'. i-' 
■ a 






»< 






* 


r 




'j 


I s , 


■ 


rw 


\ f 


tf; 




■ 












11 


fi i 


1 


L*- 


iS 


I 


IJ 




■ ■ 


•V. ' 


i* 




1*1 


mt 


I 


■f 1 


I 


\ • 


.'ll* 


I 


pi l : 


I 




■ 


i« 




i 


■ 




i ■ 


. r L/;» 

i*fl! 


-« 


j 


fc_: 






v 


i 


«■ 


V|^I ' 


■“p 


\ 


m 

1 in 




I 


i i 


A 


8 


I 


•' d ■}. 






v 


! r .t 


I I 






5 


I 


> 




I 




■ 


I 


h 




i 


i 








a 


a 


W 


■ 


a 


a 


n 




■ 


w. 


f I 


k 


III 




h . a. 




a I 


ii 






I 


- 




H * 


I 


<3,%; 


i 


■ Ti 






V j 




/ 


I 


I 




FIG 22-4 




Partial lobectomy A, Determine the line of separation between normal hepatic 
parenchyma and that to be removed and sharply incise the liver capsule along the selected 
site. B, Bluntly fracture the liver and expose the parenchymal vessels. C, Ligate large 

flectrocoagulate small bleeders. 
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f 


TABLE 22-4 


I. 


Po stop e rat ive An a I gesic s 


Oxymorphone (Nymorphan) 


0.05-0.1 mg/kg IV, fM every 4 hours (as needed) 


I 


Butarphanol [Torbutrol, Torbugesic) 

0.2-0,4 rng/kg IV, IM, or SC every 2 to 4 hours (as 
needed) 

Buprenorphine (Buprenex) 

5-15 p.g/kg IV, IM every 6 hours [as needed) 


t 


1 


IV, Intravenous; IM, infra muscular; SC, subcutaneous. 


FIG 22-5 

In small dogs and cats, partial hepatectomy may be 
performed by placing several overlapping guillotine sutures 
proximal to the tissue to be excised, 


ting factors should be assessed if hemorrhage or petechia* 
tion occurs. Antibiotics given during surgery should be con¬ 
tinued for 2 to 3 days if partial hepatectomy has been per 
formed. Nutritional supplementation may be necessary in 
some patients during the early postoperative period, panic* 

is anorexic or has severe vomiting or di¬ 


HEALING OF THE LIVER 


The liver is unique among the visceral organs in its healing 
properties. It has relatively little connective tissue stroma, is 
highly susceptible to small changes in blood flow, and has 
an enormous regenerative capacity. With regeneration, ad¬ 
equate liver function is possible in patients even after 80% 
of the organ has been removed or destroyed. Lacerations of 
the liver should be closed only when bleeding is profuse. If 
lacerations are sutured, they should be closed in a manner 
that does not create an internal pocket of bile or blood or 
cause ischemia of the surrounding cells. The 
patic artery can be ligated as an emergency measure to con¬ 
trol hemorrhage from extensive liver lacerations. Complex 
fractures or severe contusions should be treated by hepatic 
lobectomy if ligation of the hepatic artery does not result 
in hemostasis. 


arrhea (see Chapter II). 

Analgesics (e.g., oxymorphone, butorphanol, buprenor* 
phine) should be provided to patients who show signs ol 
pain after surgery (Table 22-4). 


COMPLICATIONS 


Biopsy samples may be useless for diagnosis if the tissue 

1 sped* 


sample is crushed, fragmented, or too small or i 
men contains predominantly blood or necrotic portions 

lesions. BOe peritonitis may occur if the gall* 
bladder or bile ducts are inadvertently penetrated. One study 
found the complication rate in 246 animals undergoing 
ultrasound-guided biopsy of abdominal structures to be 
1.2% (Leveille et al., 1993). 


of mass 


The most common and serious comp 1 ication of hepatic 
surgery is hemorrhage. This may result from ligatures slip¬ 
ping off friable hepatic tissue. Care should be taken to ensure 
that a stump of tissue remains distal to the ligature when en¬ 
circling sutures are used for biopsy or partial hepatectomy 
With hepatic trauma anaerobic bacteria may proliterate in 
hypoxic portions of the liver and cause sepsis, therefore 
broad-spectrum antibiotics should be used in patients with 
severe hepatic trauma and in those undergoing hepatic sur¬ 
gery. Complications after major hepatic resection may in¬ 
clude portal hypertension, ascites, fever, hemorrhage, or per¬ 
sistent bile drainage. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Guillotine biopsies often are performed with large (0 or 2-0) 
chromic gut suture or polyglactin 910. Suture with good 
knot security (e.g., silk suture) may facilitate partial hepate¬ 
ctomy. Polydioxanone or polyglyconate suture may also be 
used for vessel ligation in complete and partial lobectomies. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Recovery from anesthesia should be closely monitored in an¬ 
imals with severe hepatic dysfunction. Because of the in¬ 
creased half-life of some drugs in patients with hepatic dys¬ 
function, recovery may be prolonged. Intravenous fluids 
sh o u 1 d b e p rov i de d un ti 1 the pa t ien f is able to maintain hy¬ 
dration. Blood glucose levels should be monitored; transient 
hypoglycemia is common after removal ol large portions of 
the liver. Albumin levels should be maintained (Le 
by the administration of plasma or whole blood, and dot- 


S PE GAL AGE CONSIDERATIONS 


Portosystemic shunt ligation (see p. 457) often is performed 
in young animals, which are particularly prone to hypo¬ 
glycemia, and serum glucose concentrations should be care* 
fully monitored. Hypothermia, also a particular problem in 
young patients, reduces the minimum alveolar concentra¬ 
tion (MAC) of inhalants used for anesthetic maintenance. 


>2 g/dl) 
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acids, and 


levels of branched-chain and aromatic amino 

dd) have been incriminated in the result 


Reference ____ 

LeveiUe R et al: Complications after ultrasound-guided biopsy of 
abdominal structures in dogs and cats: 246 cases (1984-1991 ), J 

Aw Vet Med Assoc 203:413,1993. 


7 -ami no butyric a 

ing elaboration of false neurotransmitters. 

Portosystemic shunts may be broadly categorized as in¬ 
trahepatic or extrahepatic. Extrahepatic shunts may be con¬ 
genital or acquired. Congenital extrahepatic shunts usually 
are single anomalous vessels that allow abnormal blood flow 
from the portal vein to the systemic circulation, Extrahepatic 

PSS account for nearly 63% of single shunts in dogs; they 

Many different types of PSS have been de¬ 
scribed in dogs and cats, including ( 1 ) portal vein to caudal 

( 2 ) portal vein to azygous vein, ( 3 ) left gastric vein 

to caudal vena cava, ( 4 ) splenic vein to caudal vena 

. cranial mesenteric, caudal mesenteric, or gas- 


Suggested reading 


D: Antimicrobial therapy for gastrointestinal, pancro 


Davenport 

atic, and hepatic disorders, Probl Vet Med 2:374, 1990, 

Fry PD, Rest JR: Partial hepatectomy in two dogs, / Small Anim 

‘pract 34:192,1993. 

Hanna P, Singh A: Percutaneous transabdominal hepatic 

needle biopsies in dogs, Am } Vef Res 53:/85, 1992, 

Kosovsky JE et al: Results of partial hepatectomy 
hepatocellular carcinoma, J Am Anim Hasp Assoc 25:203,1989. 
Lewis DD et al: Hepatic lobectomy in the dog: a comparison of sta 
plingand ligation techniques, Vet Surg 19:221, 1990, 

Pavletk MM: Surgical stapling devices in small animal surgery, 

Cont Educ Pract Vet 12:1724,1990. 


also occur in cats. 


Hitt ME 


vena cava, 


c a va, 


in 


(5) left gastric 

troduodenal vein to caudal vena cava, and ( 6 ) combinations 

of the above (Pig. 22 - 6 ). Intrahepatic shunts usually 

because the ductus veno 


r are con¬ 


genital, singular shunts that 

fails to close after birth, or they may arise when other 

in or caudal vena cava anastomoses exist. 


o cc u r 


sus 




portal to hepatic vein 
Congenital intrahepatic PSS constitute about 35% of singl 


ti - 




shunts in dogs. 

Acquired extrahepatic shunts typically are multiple and 

about 20 % of all canine PSS. They are thought to 
partly because of increased resistance to portal blood 
flow and subsequent portal hypertension. This hypertension 

normal, nonfunctional microvascular connections 


SPECIFIC DISEASES 






rep re sc n t 


PORTOSYSTEA1/C VASCULAR 

ANOMALIES 




causes 

that are present at birth between portal and systemic veins to 
become functional. Multiple shunts are most commonly as¬ 
sociated with chronic, severe hepatic disease (i.e 
but have been reported secondary to hepatoportal fibrosis i 

dogs. Venoocdusive hepatic disease has also been 
as a cause of multiple PSS in young cocker spaniels. 

Multiple shunts most commonly occur in 
and the root of the mesentery (Pig. 22-7), and connections 
to the caudal vena cava or azygous veins usually are seen 
patic microvascular dysplasia is a 

small intrahepatic portal vessels and portal endothelial hy¬ 
perplasia that allows an abnormal communication between 
the portal and systemic circulations. I his condition is diag¬ 
nosed by histopathologic examination of hepatic biopsy 
samples and is an important differential diagnosis tor 
macroscopic shunts. Mesenteric portograms in dogs with 

hepatic microvascular dysplasia 

Arteriovenous (A-V) fistulae account for about 2% of 

single shunts and may be congenital or 
A-V fistulae occur secondary to trauma 


DEFINITIONS 


Portosystemic vascular anomalies (PSVA) or portosystemic 

shunts (PSS) are anomalous vessels that allow normal portal 
blood drai tiing from the stomach, intestines, pancreas, 
spleen to pass directly into the systemic circulation without 
fijgt passing through lhe liver. Extrahepatic shunts aie 
cular anomalies located outside the hepatic parenchyma 
trahepatic shunts are located in the liver. Hepatic microvas- 
cular dysplasia is a condition characterized by small 
intrahepatic portal vessels and portal endothelial hyperplasia 
that allows microscopic shunting ot blood through the liver 
without a macroscopic portosystemic shunt. 


cirrhosis) 


in 


re- 


voting 


; 


condition characterized by 


e 


c 




-e 


SYNONYM 


i- 


The term portacaval shunt is frequently used; however, this 

term technically refers to a specific type of vascular anomaly 
(Le, portal vein 


Y- 


in 


are 


to caudal vena cava). 


re 


acquired. Acquired 
tumors, surgical 
that cause arteries 


th 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


ir- 


procedures, or degenerative processes 

djacent veins. The fistulae typic 

that form between branches 


n- 


are 




to rupture into 
macroscopic communications 

of the hepatic artery and portal vein; however, microscopic 
hepatic A-V fistulae were suspected in one young dog 
(Schermerhorn et al., 1997). As congenital lesions, they 
believed to develop as a result of failure of the common em- 
bryologic capillary plexus to differentiate into an artery 
vein. Affected animals usually develop portal hypei tension 
and multiple collateral shunting vessels and frequently have 

ascites ( Figs. 22-8 and 22-9). 


the liver, toxins that normally 


When portal blood bypasses 
are deactivated in 

Also,important hepatotrophic substances from the pancreas 

do not reach the liver, resulting in hepatic at¬ 
rophy or failure of the liver to attain normal size. Hepatic in- 
sufficiency or hepatic encephalopathy frequently occurs. He¬ 
patic encephalopathy is a clinical syndrome ot alteied CNS 
function resulting from hepatic insufficiency. A variety of 

ammonia, methionine/mercaptam, short- 

in the ratio between circulating 


systemic circulation. 


the liver enter the 


and intestines 


red 


are 


po¬ 


or a 


ire- 


i m 


substances (i.e 

chain fatty acids, alterations in 


nee. 
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in dogs and cats. A, Portal 


vena cava, B 


vein to azygous vein, 
C, Left gastr ic vein to caudal vena cava. D, Splenic vein to 
caudal 


vein 


ca 


/ 


■ 


vena cava. 


, ca 


mesenteric, or 


enal vein to 




vena cava. 


F, 


the above. 
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DIAGNOSIS 

Clinical Presentation 

Signalment* Purebred dogs are at increased risk of 
aberrations of the portal circulation. Domestic shorthair 
cats are most commonly affected, although these aberrations 
also occur in purebred cats. Single PSS usually are congeni¬ 
tal and are most commonly diagnosed in animals under 1 
year of age. Extrahepatic shunts have been most frequently 
diagnosed in miniature and toy-breed dogs (e.g. t miniature 
schnauzers, Yorkshire terriers, poodles, Lhasa apso, and 
Pekingese). Intrahepatic PSS are more commonly diagnosed 
in large-breed dogs (e.g., German shepherds, golden retriev¬ 
ers, Doberman pinschers, Labrador retrievers, Irish setters, 
Samoyeds, and Irish wolfhounds). There maybe a hereditary 
basis for intrahepatic shunts in Irish wolfhounds (Meyer et 
al., 1995). Congenital extrahepatic and intrahepatic shunts 
have been reported in cats. There is no convincing gender 
predisposition for these anomalies in either species. 


cephalopathy may also worsen after gastrointestinal hemor¬ 
rhage (e.g., caused by parasites or ulceration). 

The most common presenting sign in dogs with hepatic 
A-V fistulae is sudden onset of depression, ascites, and vom¬ 
iting. Despite the chronic nature of this condition, the ani¬ 
mal often has an acute onset of gastrointestinal or neuro¬ 
logic signs. The ascites typically is a pure transudate despite 
a serum albumin over 1.8 g/dl. 


NOTE * Animals with hepatic A-V fistulae may be 

presented for evaluation of gastrointestinal foreign 
bodies. Presumably gastric irritation causes pica in 
these animals. 


Physical Examination Findings 

Most animals with PSS have microhepatica, and the kidneys 
may feel prominent or plump. A golden or copper color to 
the iris has been observed in many cats with PSS. Neurologic 
abnormalities may be noted (see above). Ptyalism is a com¬ 
mon finding in cats but rare in dogs. Animals with hepatic 
A-V fistulae may have a palpably enlarged liver (rare) or as¬ 
cites. An audible bruit sometimes can be auscultated in the 

cranial abdomen of affected animals. 

Radiography, Ultrasonography, 
and Nuclear Imaging 

The definitive diagnosis of PSS is made by surgical identifi¬ 
cation of the shunt, intraoperative positive contrast portog¬ 
raphy ultrasound scans, or nuclear hepatic scintigraphy. 
Various positive contrast techniques have been described, 
including splenoportography, cranial mesenteric arterial 
portography, celiac arteriography, transsplemc portal 
catheterization, and jejunal vein portography. Jejunal vein 
portography is the simplest and most effective portographic 
technique (see below). The most consistent finding on plain 
abdominal radiographs is microhepatica. 

Both Intrahepatic and extrahepatic shunts have been 
identified with ultrasound scans. Occasionally a dilated in¬ 
trahepatic vessel or the communication of an intrahepatic 
shunt with the caudal vena cava is noted. With extrahepatic 
shunts, overlying bowel may obscure the shunt, but a small 
liver with few detectable hepatic or portal veins may be 
noted. The bladder and renal pelves should be assessed tor 
calculi because urate stones usually are radiolucent and dif¬ 
ficult to see on plain abdominal radiographs. Ultrasound 
scanning is also useful to identify the anechoic, tortuous ves¬ 
sels seen with hepatic A-V fistulae. 

Nuclear scintigraphy is a rapid, non invasive method of 
documenting abnormal hepatic blood flow. Sodium 
pertechnetate technetium 99m (Tc 99m) and N-isopropyl- 
p-iodoamphetamine (IMP) have been used for analysis of 
PSS. After colonic administration of Tc 99m, the time when 
activity in the region of the liver is first noted is compared 
with the time when activity appears in the region of the 
heart. Animals with liver-to-heart intervals longer than 2 
seconds have been considered clinically normal (Koblik, 


NOTE * In general, small-breed dogs are more 
likely to have extrahepatic shunts, and large-breed 
dogs are mare likely to have intrahepatic shunts. 


Multiple shunts are commonly diagnosed in animals be¬ 
tween 1 and 7 years of age; however, multiple acquired PSS 
that occur secondary to liepatoportal fibrosis have been re¬ 
ported in dogs as young as 4 months of age. Breeds most 
commonly affected include the German shepherd, Dober¬ 
man pinscher, and cocker spaniel. Multiple acquired shunts 
have been described in cats. 

Most dogs with hepatic A-V fistulae have been young 
(i.e., under VA years of age) at the time of diagnosis. Con¬ 
genital hepatic A-V fistulae have rarely been reported in cats. 

History, The presenting history for animals with PSS 
varies considerably. Affected animals usually are evaluated 
because of failure to grow, small body stature, or weight loss. 
Other common abnormalities include intermittent anorexia, 
depression, vomiting, polydipsia or polyuria, ptyalism (espe¬ 
cially in cats), pica, amaurosis, and behavioral changes. 
Some animals are presented for evaluation of urinary dys¬ 
function (i.e., hematuria, dysuria, pollakiuria, stranguria, 
urethral obstruction) associated with urate urolithiasis (see 
below). Signs of hepatic encephalopathy (i.e., ataxia, weak¬ 
ness, stupor, head pressing, circling, amaurosis, pacing, 
seizures, or coma) are often intermittent and usually worsen 
after the animal has been fed a high-protein diet. However, 
failure to find such a temporal relationship should not deter 
erne from making a diagnosis. Signs vary tremendously, and 
some patients simply appear overly quiet. Hepatic en- 


NOTE • Consider PSS in any young animal with a 
prolonged response to anesthetic agents or tranquil¬ 
izers that require hepatic metabolism for clearance. 
These may be the first abnormalities you note in 
some affected animals. 
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Hornof, 1995)- False positive results have not been reported; 

however, false negative results may 
volves only a peripheral portion of the portal system or if the 

animal has microvascular hepatic dysplasia. IMP is rapidly 
absorbed across the colonic mucosa and allows calculation 
of the percentage of portal blood flow bypassing the liver. In 
normal dogs, IMP should be completely extracted by the 
liver and lung activity should not be visible 
With P $ S, i iver act i vi ty varies a n d i s 
normal dogs. 


TABLE 22-5 


occur if a small shunt in- 


Measurement of Serum Bile Acids 


1, Fast the animal for 1 2 hours, 

2, Collect a serum sample. 

3, Feed 1-2 tablespoons [ 

4, Collect a serum sample 2 hours arrer 


or c/d* (cats). 


p/d* (dogs) 
a 2 hours aft 


feeding. 


on static images, 
less prominent than in 


Hill's Pet Products, Topeka, Kan.; if the animal is extremely sen si- 

protei^restricted diet mixed with a small 


five to protein, feed 
amount of corn oil. 


NOTE • Nuclear scintigraphy is a useful, noninva- 

sive tool for diagnosing congenital or acquired shunts 
but is not accurate in animals with hepatic microvas¬ 
cular dysplasia. 


bile acids and elevated postprandial concentrations. It is im¬ 
perative that fasting and postprandial samples be obtained, 
because fasting samples often have normal bile acid concen¬ 
trations, Abnormalities in serum bile acids are also noted 
with other diseases, but young dogs with an elevated post- 

bile acid concentration (e.g., 100 pmol/Lor 


Laboratory Findings 

Hematologic, serum biochemical, and urine analysis of an- 

disclose various abnormalities. Hema- 


prandial serum 
higher) In conjunction with microhepatica often have PSS, 

For the ATT, blood samples must be refrigerated immedi¬ 
ately and transported on ice because ammonia is labile in 
blood, and the plasma and blood cells must be separated 
promptly in a refrigerated centrifuge. 1 his has limited the 
usefulness of the ATT in many practices. 


imals with PSS may 

to logic abnormalities may 

m och r o m ic erythrocytes, mild nonregenera live 
target ceil formation, or poikilocyfosis. Low 
concentrations appear to be related to the development of 
microcystosis in dogs with PSS. Biochemical tests often re¬ 
veal a reduction in the serum albumin and blood urea ni- 


include microcytosis with nor- 

a n em i a, 


serum iron 


DIFFERENTIAL DIAGNOSIS 


trogen (BUN) concentrations. Low plasma albumin is a 
common 


PSS must be differentiated from other diseases thai cause he¬ 
patic insufficiency (e.g., cirrhosis) or neurologic abnormal* 


finding in dogs; however, some dogs (and most 
cats) with PSS have normal albumin levels. Low BUN re¬ 
sults from reduced conversion of ammonia to urea in the 


ties (e.g,, hydrocephalus, epilepsy) in dogs and 


cycle. Other abnormalities occasionally include 
mild increases in serum alanine aminotransferase, aspartate 
aminotransferase, and alkaline phosphatase. The serum 

bilirubin concentration usually is normal, Hvpocholes- 
terolemia and fasting hypoglycemia may occur in some an¬ 
imals. Functional measurements of coagulation (he., pro¬ 
thrombin time, activated partial thromboplastin time, and 
activated coagulation time) usually are normal. Routine 
urinalysis may disclose dilute urine or ammonium biurate 
crystals. Hyperuricemia and hyperammonemia lead to in¬ 
creased urinary excretion of urate and ammonia, promot¬ 
ing urinary precipitation of ammonium biurate crystals. 
Hematuria, pyuria* and proteinuria may occur if urate cal¬ 
culi form. The hematologic and biochemical profiles of ca¬ 
nine hepatic A-V fistulae can be similar to those of dogs 
with single or multiple PSS, 

The most reliable tests for diagnosing PSS in dogs and 

liver function tests and nuclear scintigraphy (see 
above). Measurement of fasting and postprandial serum bile 
adds and the ammonia tolerance test (ATI ) are sensitive in¬ 
dicators of hepatic insufficiency. Of these, measurement ot 

bile acids ( Table 22-5) is most commonly performed 
because it is relatively easy to do compared with the ATT. A 
normal liver rapidly clears bile acids by first-pass extraction 
so that little or no increase is noted in postprandial samples 
compared with fasting samples. In animals with PSS, the ab¬ 
normal blood flow results in abnormal hepatic clearance of 


urea 


MEDICAL MANAGEMENT 


Surgery is the treatment of choice for most animals with 

PSS, because hepatic function may continue to deteriorate as 

long as most of the blood is shunted away from the liver, The 

life expectancy of animals that are managed medically gen- 

years; however, one 


erally is reported to be 2 months to 
study suggested that the older a dog is when presented for 
treatment, the better its prognosis on conservative treatment 

(Watson, Heritage, 1998). Restoration of hepatotrophie fac¬ 
tors to the liver results in hepatic regeneration; however,sur¬ 
gical therapy of this condition is not without risk. Medical 
management should be initiated before surgical intervention 
animals with signs of hepatic encephalopathy. The goals 
of medical therapy are to identify and correct precipitating 
factors, to reduce absorption of toxins produced by intes¬ 
tinal bacteria, and to diminish the interaction between en¬ 
teric bacteria and nitrogenous substances. Precipitating fac¬ 
tors for hepatic encephalopathy include high-protein meals* 
bacterial infections, gastrointestinal bleeding, blood transfu- 

inappropriate drug therapy, and electrolyte and add¬ 


in 


sion s 
base abnormalities. 


serum 


General supportive care should include fluid therapy 
(0.9% sodium chloride [NaCl] or 0.45% NaCl and 2.5% 
dextrose), normalization of acid-base disturbances, and sup¬ 
plementation of potassium as needed to maintain nnrmal 

ser u m 


potassium concentrations. A highly digestible diet in 
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\ TABLE 22-6 




D rugs Use d in t h e M ana gemen t o f Port o sy s t cm i c Shu 11 1 s 


Neomycin (Biosol) 


10-20 mg/kg PO, bid to fid 


Metronidazole (Flagyl) 


10 mg/kg PO or !V, lid 


Ampicillm 


22 mg/kg PO, IV, IM, or SC, tid to qid 


lactulose (Cep ha lac, Chronulac) 

2,5 to 25 

soft stools a day or 

Dogs: 0,5 ml/kg PO, lid 

Cats: 2,5-5 ml/cot PO, tid 


that the animal 


PO, H 


so 


FIG 22-10 


An amerold constrictor. 


PO, Oral; did, Iwiee a day; tid, three limes 

.'iM, intramuscular; SC, subcutaneous; qid, four limes a day. 


day; fV, intravenous; 


cellophane bands are now commonly used in animals with 
extrahepatic shunts to slowly occlude the shunt vessel. With 
ameroid constrictor, initial shunt constriction is effected 
by swelling of the hygroscopic material that makes up the in¬ 
ner portion of the device (see Fig, 22-10); additional shunt 

occlusion occurs as 

When the shunt or shunts are identified during abdominal 
exploration, positive contrast portography examination gen¬ 
erally is unnecessary; However, if a shunt Is not identified vi¬ 
sually mesenteric portography or retrograde portography 
may be used to help identify its location and nature. 

Preoperative Management 

Encephalopathic patients should be in stable condition be¬ 
fore surgery, and fluid and electrolyte imbalances should be 
corrected preoperatively. Perioperative antibiotics (e.g., 
cephalosporins) are recommended for patients with PSS. See 
the section on medical management above for other recom¬ 
mendations. 

Anesthesia 

Extreme care must be exercised when anesthetizing an ani¬ 
mal Avith PSS. Because of the reduced liver function and ab¬ 
normal hepatic blood flow, drug absorption, metabolism, 

markedly reduced. In addition, drugs that 

are highly protein bound are affected by the low albumin 
concentrations that may accompany PSS (Le 
increased levels of circulating, unbound drug). Therefore 
drugs that are metabolized by the liver (e.g., phenothiazine 
tranquilizers) and those that are highly protein bound (e.g., 
diazepam) should be avoided. Benzodiazepines may also 
negatively affect neurologic function in liepatoencephalo¬ 
pathic patients. A reversible opioid may be administered 
with an anticholinergic, followed by mask or chamber in¬ 
duction with iso flu ran e or sevo flu nine and oxygen and en¬ 
dotracheal intubation (Table 22-7). Propofob a noneumula- 
tive, nonbarbiturate hypnotic, has been used successfully at 
reduced doses for induction of patients with PSS (Table 
22-7). Blood glucose levels should be monitored, because 


an 


fibrosis develops around the vessel 


which the primary source of calories is carbohydrates should 
be fed. For long-term dietary management, feed the highest- 
protein diet the animal will tolerate. Moderately protein-re¬ 
stricted diets (Le 
Products) that contain high levels of branched-chain. amino 

acids and arginine are often used. Antibiotics (Table 22-6) 
are used to reduce the enteric flora that produce many of the 

ammonia) thought to cause hepatic en- 


k/d or in some animals u/d; Hills Pet 


toxins 

cephalopathy. Oral neomycin frequently is used for this pur¬ 
pose, but it should be avoided in animals that are azotemic. 
Metronidazole or ampidllln, given either orally or parenter- 
dly also reduces the intestinal ammonia concentration. Lac¬ 
tulose is a synthetic disaccharide that acts to acidify colonic 
contents and trap ammonium ions in the lumen (see 
22-6), It is also an osmotic cathartic that shortens the intes- 


i.e. 


tinal transit time and reduces the production and absorption 
of ammonia. Lactulose may be given orally or as a retention 
enema. Side effects of lactulose administration may include 
diarrhea, vomiting, anorexia, and increased gastrointestinal 

loss of potassium and water. Treatment of animals that are 
presented for therapy in hepatic coma must be prompt and 

aggressive; cleansing enemas 
enemas with neomycin or lactulose (or both) should be 
given. Acid-base and electrolyte abnormalities and hypo¬ 
glycemia must be identified and corrected. A medical text 
should be consulted for additional recommendations on the 
management of coma that occurs secondary to hepatic in¬ 
sufficiency. 


resulting in 


(warm water) and retention 


SURGICAL TREATMENT 


The goal of surgery is to identify and occlude or attenuate 
the abnormal vessel. Ameroid constrictors (Fig. 22-10) 


or 
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TABLE 22-7 


Selected Anesthetic Protocols for Animals 
with Portosystemic Shunts 


Dogs 

Premeditation 

Give atropine (0.02-0,04 mg/kg SC or IM] or glycopyrro- 
late (0,005-0.01 1 mg/kg SC or IM) plus oxymorphone 

(0.05-0.1 mg/kg SC or IM) 

Induction 

Mask induce with isofiurane or sevoflurane or administer 
propofol (4 mg/kg IV to effect) 

Maintenance 

Isofiurane or sevoflurane 

Cats 

Promedication 

Give atropine (0.02-0.04 mg/kg SC or IM) or glycopyrro- 
late (0.005-0.01 1 mg/kg SC or IM) plus butorphanol 
(0,2-0.4 mg/kg SC or IM) or buprenorphine (5-15 
pg/kg IM) or oxymorphone (0.05 mg/kg SC or IM) 

Induction 

Chamber induce with isofiurane or sevoflurane or adminis¬ 
ter propofol (4 mg/kg IV to effect) 

Maintenance 

Isofiurane or sevoflurane 


FIG 22-11 


Mesenteric portogram in a 
The portal system originates at the level of the 
vertebra. Note the hepatic vasculature. 


Positioning 

A standard ventral midline celiotomy is performed from the 
xiphoid cartilage caudally, and the portal system is 
ined. For intrahepatic shunts and A-V fistulae, the incision 

need to extend cran tally through the xiphoid process 


exam- 


may 

and c a u d at ste rn eb r a e. 


SURGICAL TECHNIQUES 


SC, Subcutaneous; IM, intramuscular; IV, intravenous. 

patients with PSS may have reduced hepatic glycogen stores. 
Care should be taken to prevent hypothermia. Inotropic 
support (i.e.j dobutamine [2 to 10 pg/kg/ minute given in¬ 
travenously] or dopamine [2 to 10 p,g/kg/minute given in¬ 
travenously]) may be necessary in some patients. These pa¬ 
tients should be monitored lor arrhythmias or tachycardia. 

Surgical Anatomy 

The canine portal vein varies from 3 to 8 cm long, depend¬ 
ing on the animals size. On a radiographic contrast study of 
the normal portal system, the portal system usually origi¬ 
nates at the level of the first lumbar vertebra (Fig. 22-U), 
Knowledge of the anatomy of the portal and hepatic venous 
systems is imperative to locate shunts, particularly intrahep¬ 
atic ones (Fig. 22-12). The portal vein is formed by the con¬ 
fluence of the cranial and caudal mesenteric veins and the 
splenic vein. The splenic vein enters the portal vein at the 
level of the thoracolumbar junction. The phrenicoabdomh 
nal veins terminate in the caudal vena cava about 1 cm cra¬ 
nial to the renal veins. Any vein that enters the caudal vena 

ial to the phrenicoabdominal veins (before the he¬ 
patic veins) may be considered an anomalous structure. 


Single extrahepatic shuts generally are treated by placing an 
ameroid constrictor on the vessel (Vogt ct al„ 1996). Because 
the vessel slowly becomes occluded, portal hypertension is 
rare and most surgeons no longer evaluate portal pressures 

in conjunction with this surgery. In rare 
intrahepatic shunts may have an ameroid constrictor placed 
the vessel; however, intrahepatic shunts generally require 
ligation. A recent study reported the creation of a portacaval 
venograft using the jugular vein, with complete ligation of 
the intrahepatic shunt (Kyles et al, 2001). An ameroid con¬ 
strictor was placed on the venograft at the time of the initial 
surgery. Although the short-term outcome was good, the 
surgical technique results in a high incidence ot multiple ex¬ 
trahepatic PSS, therefore further evaluation of this tech¬ 
nique is warranted* 

Animals with multiple hepatic shunts may benefit from 
caudal vena cava banding; however, medical management 
(dietary restriction of protein, diuretics) may result in long¬ 
term survival and a quality of life similar to that achieved 
with surgery (Boothe et al., 1996), The intent of caudal vena 
cava banding is to raise the systemic venous pressure in the 
abdomen to or slightly above that of the portal venous sys¬ 
tem* Multiple extrahepatic PSS usually are evident upon ex¬ 
ploratory laparotomy in these patients. Findings that maybe 
noted include enlarged mesenteric veins, a larger than nor¬ 
mal portal vein, and anomalous connections between the 
portal venous system and the systemic venous circulation. 
The most common location for multiple PSS is the area ot 
the left kidney; however, anomalous venous connections be- 


cases animals with 


on 


cava cran 


NOTE * Examine the caudal vena cava carefully. 
The only vessels that should enter the caudal vena 

between the renal veins and the hepatic veins 
the small phrenicoabdominal veins. 


cava 


are 
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Cent rat 


Quadrate 


Right medial 


Gal! bladder 


Left 


Right 


Left 


Posthepatic 
vena cava 


! ale ra I 


Right 

medial 


Right 
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Caudate 


Left 


hepatic 


Right 

lateral 


Papillary 


Portal 

vein 


Caudate 


Prehepalic 


vena cava 


FIG 22-12 

Diagram showing the lobar and divisional anatomy of the portal vein and vena cava in the 


dog. 


tween the mesenteric circulation and the caudal vena cava or 
its tr ib utarie s m ay b e no ted th ro ug h o u t the ab do m c n (F i g. 
22-13). Portoazygous connections have also been observed 

Care should be taken when incising the ab- 
patients suspected of having multiple PSS 


m clinical cases* 


dominal wall in 

because large, dilated vessels may be present in the falciform 
ligament or the greater omentum or both. Trauma to these 
vessels upon abdominal entry may cause significant hemor¬ 
rhage. Dissection of the falciform ligament usually requires 
ligation or cauterization of multiple vessels. Because many 
patients with multiple extrahcpatic PSS have ascites, suction 
should be available upon entry into the abdomen to evacu¬ 
ate ascitic fluid. 


i 


t 


d 


a 


NOTE * If you find multiple shunts in on animal, be 
sure to biopsy the liver. 


e 


K 1- 


■e 


A-V fistulae are treated by removing the affected liver 
or in rare cases by ligating the fistulae directly. Portal 
pressures should be measured in conjunction with occlusion 
of jntrahepatic shunts or vena cava banding* T he normal 
portal pressure in dogs is 8 to 13 cm H 2 0, which is 7 to 8 cm 


r- 


le 


FIG 22-13 

Transvenous retrograde portogram in a dog with multiple 
urred shunts. 


n. 


of 


e- 
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Ligation of Single Extrahepatic Shunts 

If placement of an ameroid constrictor is not possible, the 
vessel may be ligated or attenuated; however, extreme care 
must be taken to avoid causing portal hypertension. 

Identify the anomalous vessel , isolate if , and pass 2-0 silk su¬ 
ture around the vessel (Fig. 22-14). If jejunal portography 

not performed (see below), exteriorize a segment of je¬ 
junum and insert a 20- to 22-gauge over-the-needle catheter 
(Angiocath , Abbocath) into a jejunal vein . Do not damage 
the corresponding jejunal artery Obtain baseline portal 
pressures. Tempararily occlude the shunt and observe portal 
pressures during this manipulation . ■ 


H,0 higher than the systemic venous pressure (Table 22-8). 
However, in animals with single PSS, the resting portal pres¬ 
sure often is closer to the systemic venous pressure. Excessive 
portal venous pressure can result in splanchnic congestion, 
portal hypertension, and death, 

Ameroid Constrictor Placement 
on Extrahepatic Shunts 

Perform a midline abdominal incision. Identify the portal vein 
by retracting the duodenum to the left and venkally. Locate 
the caudal vena cava , renal veins,. phrenicoabdominal veins,, 
and portal vein (ventral to the caudal vena cava at the most 
dorsal aspect of the mesoduodenum), Note any veins enter¬ 
ing the caudal vena cava proximal to the phrenicoabdominal 
veins , If the shunt has not been identified, open the omental 
bursa and retract the stomach eranially the d uoden urn to the 
righ t an d ven tra lly , and the left lobe of th e pane re as ca udally. 
Identify shunts that communicate with the caudal vena cava 
through the epiploic foramen by observing abnormal tribu¬ 
taries of the portal vein\, left gastric vein, or splenic vein. Once 
the shunt has been identified, select the appropriately sized 
ameroid constrictor. Generally ■ use a 3.5- or 5-mm ameroid 
in most small dogs with extrahepatic shunts . Dissect around 
the shunt vessel to allow placement of the device but avoid 

dissecting a large area next to the vessel 






Occlusion of the shunt should result in a rapid increase in 
portal pressure, which aids in confirmation of the anom¬ 
alous vessel* 




Check portal pressures carefully before and during shunt lig¬ 
ation. If you are unsure whether complete ligation should be 
attempted, err on the conservative side and often eote the 
shunf. If 


uncertain whether the vessel you hove ] 
occluded is the shunt, perform jejunal portography. 

Once you have positively identified the shunt, slowly 
tighten the ligature while monitoring the portal pressure . If 
possible , completely occlude the shunting vessel but do not al¬ 
low postligation portal pressures to exceed J 0 cm H?0 (8 mm 
fig) obove baselin e pressures or 20 to 23 cm H 2 0 (15 to IS 
mm Hg). You may be able only to attenuate the vessel. Ob 
serve the viscera for evidence of splanchnsc congestion lor 5 
to 10 minutes , If excessive splanchnic congestion is no fed, i 
loosen the suture. Fern o ve th e jejuna I ve in ca theter and %ate j 

Examine the kidneys and bladder for calculi /f c/s- ] 
tic calculi are present and the patient is in stable ecnairjon, 
remove the calculi during the shunt ligation surgery. Il open 

or renal calculi ore present J 
may be best to schedule a second surgery Obtain a liver 
biopsy (see p. 453) before closing the abdomen. 


you are 


Excessive dissection may allow movement of the ameroid 
on the vessel and predispose to premature kinking of the 
ves sel. 


Place the vessel in the opening of the ameroid so 

inner circular space of the device. If necessary, place 
several loops of small (2-0) multi filament suture around the 
vessel and use these sutures to flatten the vessel and facilitate 
manipulation of the vessel into the opening of the ameroid. 
Once the vessel has been positioned in the ameroid, insert 
the key in the slit of the device * Evaluate the intestines for 
idence of congestion (rare) and close the abdominal incision 
routinely. 


that it sits 


tn 


the vein. 


HI r l 




a five time has been lengthy 


ev- 


NOTE • The ameroid should fit on the vessel with- 




i 






out compromising the lumen; however, avoid using 
an ameroid that is too large because I he weight of 
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the device may cause the vessel to kink, obstructing 
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Jejunal Portography 

Positive contrast radiographs can determine i1 the shunt is 
extrahepatic or intrahepatk. If the caudal extent of the PSS 

probably intrahepatic If the 

caudal extent of the shunt is caudal to T! 3, it probably is ex- 

trahepatic. 


With multiple hepatic shunts, radiographic confirmation 
of the shunts is rarely necessary The technique of intraopera¬ 
tive mesenteric portography in these patients is the same as lor 


single PSS except that exposures should be delayed approx i- 


is cranial to T13, the shunt is 


mately 3 or 4 seconds after the start of injection of the contrast 
material to enable allow filling of the shunting vessels. 


Transvenous Retrograde Portography 


* 


Bder/orize a loop of jejunum. Identify a jejunal vein near the 
mesenteric border of the intestine and place one or two su¬ 
tures around the vessel . Insert a 20- to 22-gauge over-the - 

use the pre¬ 
sec ure it to the vessel * Attach a heparinized 


Transvenous retrograde portography provides a method of 

and characterizing shunts without the need tor 
abdominal surgery (Miller, Fossum, 2002)* This technique 
y be particularly useful in dogs in which the presence of a 


in 


ng 


need/e catheter info the vessel (Fig* 22-15} and 
placed sutures to 

extension set and three-way stopcock to the catheter . ; Inject 
water soluble contrast agent (e*g., Renovssf) (2 ml/leg of 

bolus into the catheter and make an ex- 


m av 

4 . _ 

shunt is questioned because of discordant findings between 
nuclear scintigraphy and ultrasonography or when surgical 
identification of a shunt was unsuccessful in an animal in 


o 


body wei giit) 


which one was strongly suspected preopera lively. 


while the last milliliter is injected. If necessary, make 
bofh lateral and ventrodorsal projections to help fully define 
rfte Jcccrfcn of the shunt (Fig. 22 - 16), The catheter 
he used far pressure measurement. 


Place the patient in left lateral recumbency and aseptically 
prepare the right jugular furrow . In patients that weigh less 
than W kg, catheterze the jugular vein using a percuta- 

technique * If the patient weighs more fhon 10 kg, per- 

cut down to facilitate Insertion of a 


also 


i 


nevus 

form a jugular venous 
large catheter into the vein. 


i 


1 




required in big dogs to totally oc- 




The large catheter is 
elude the caudal vena cava. 


f 


i 






than 10 kg, use 


? 


NOTE • In patients wei 

7,5 French dual-lumen flow balloon (Swan-Ganz) 
catheter; in patients that weigh more than 10 kg, use 
variably sized balloon dilation catheters to facilitate 
occlusion of the caudal vena cava* 




ing less 


a 


5 


l 


e 


- _ 


* 


b 


Following insertion into the introducer or venotomy site, di¬ 
rect the occluding catheter down the cranial vena cava 
and then in a dorsal direction into the azygous vein * Ad- 

the catheter into the azygous vein as 


r 


it 




FIG M-l S 

To catheterize a jejunal vein, place one or two sutures around 
the selected vessel. Insert a 20- to 22-gauge over-the-needle 
catheter into the vein and use the preplaced sutures to 
secure it to the vessel* 




sr 


r as is pos s ible 


vonce 

without resistance, inflate the balloon only enough to occlude 
the vein * 








I 


Occasionally, when larger balloon catheters are used, in¬ 
flation of the balloon is unnecessary, because the catheter it¬ 
self may occlude the lumen sufficiently to allow for retro¬ 
grade filling of the azygos vein. This seems to be especially 
true when the azygous vein is normal. 

Make a vigorous hand injection of contrast (1 to 2 ml/kg) 
during fluoroscopic evaluation , 

This injection normally results in retrograde filling of the 
intercostal and vertebral vessels. It is common to see the con¬ 
trast flow in retrograde fashion into the abdominal cava. 

ideotope, if necessary, make 
additional injection if hard copy of the study is required . 
Make initial images in the lateral projection ; perform ven¬ 
trodorsal or oblique views when indicated . 
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Record the entire injection on 
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Portogram in a dog with a portoazygous shunt, 
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Aker the initial infection into the azygous vein , withdraw 
the catheter into the right atriurn and then advance it cau- 
dally through the right atrium and info the caudal vena cava. 
Advance the catheter to a position immediately cranial to the 
diaphragm. Once the catheter is in position, inflate the bal¬ 
loon enough to completely occlude the caudal 

Once the caudal vena cava has been occluded, make a vig¬ 
orous hand injection of contrast (1 to 2 mi/kg) during fluo¬ 
roscopic evaluation (Figs, 22-17 and 22-IS}, Occlusion of 

the caudal vena cava results i 

dominal cava and the shunt. 


H 2 0 for 5 to 8 seconds) during the injection usually results 
in improved retrograde filling of the shunt. 


N OTE 


* If is im 


perative that the occlusion of the 
caudal vena cava and subsequent contrast injection 
be made immediately 


vena cava, 


cranial to the diaphragm. If 
the occluding balloon is placed at the level of 

dal to the diaphragm, the ostia of shunts that arise in 
a cranial position may be occluded by the balloon 

Iting in a False negative study. 


or cau- 




retrograde filling of the ab- 


tn 






the retrograde filling of the shunt is subop- 
thnal. In those cases positive pressure ventilation (20 


in some cases 


Once the shunt hos been identified 
catheterization of the shunt . 


a I 


attempt 




cm 


Selective catheterization with a flow-directed balloon al¬ 
lows for more specific opacification of the shunt, providing 
more detailed anatomic information. In addition, the 
figuration of the flow-directed balloon catheter allows for 
measurement of portal pressure both when the shunt is 
open and when it is occluded by the inflated balloon. Fur¬ 
thermore, selective catheterization of the shunt provides the 
opportunity to leave the catheter in the shunt lumen, facili¬ 
tating intraoperative identification of the anomalous vessel 

Remove the catheter after the vessel has been identified and 
isolated , Remove the introducer and apply local p 
sacrifice (ligate) the jugular 

The timing of removal of the introducer and catheters 
depends on whether the surgeon desires the catheter be left 
in the lumen of the shunt during surgery. 

Ligotion or Attenuation 
of Intrahepatic Shunts 

Both intravascular and extravascular methods have been de¬ 
scribed for ligation of intrahepatic shunts. Ligation of intra- 
hepatic shunts 

vessel often is difficult to locate. Occasionally the shunt 
be identified as a palpable depression 

lobe, or it may be seen entering the caudal 
not completely encircled by hepatic parenchymal tissue. In¬ 
traoperative ultrasound scans have been used to help iden¬ 
tify the shunt in hepatic tissue, but this techniq 
ways successful. Isolation and obstruction of the specific 
branch of the portal vein supplying the intrahepatic PSS 
shunt have been described* An intravascular techniq 
vo 1 vmg temporary hepatic vascular occlusion (see below, 
under A-V fistula} in conjunction with caudal caval veno¬ 
tomy was described by Breznock for intrahepatic shunt oc¬ 
clusion. With this technique, the shunting vessel is identified 
entering the lumen of the caudal cava cranial to the liver. 
The vessel is completely occluded or attenuated by suturing 
the ostium. More recently, a transportal approach has also 
been reported when portal venotomy is done during total 
hepatic vascular occlusion (Hunt, Rellenger, Pearson, 1996), 

A recent study described creating a portacaval venograft and 


con- 


res sure or 
vein and close the skin routinely ; 


Transvenous retrograde portogram (lateral view) j 
with a portoazygous shunt, RK, Right kidney; IK, left kidney. 
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Transvenous retrograde portogram (ventrodorsal 
dog with a portoazygous shunt 


view) in a 
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parenchyma to resect the affected lobe. Ligate any vascular 
structures not already occluded and control hemorrhage by 

for several minutes , Sometimes the affected 

be removed by partial hepatectomy 

described here. 


ligating the shunt (see above) (Kyles et al., 2001), Isolation of 
shunts involving the left medial or lateral liver lobes that are 
not completely surrounded by hepatic tissue is 
here. In a recent study of 45 dogs with intrahepatic shunts, it 
noted that 64% had left divisional shunts consistent 

with a patent ductus venosus, 33% had central divisional 
shunts, and one had a right divisional shunt (see Fig. 22-12) 

(Wh i te, B urton, McEvoy, 1998), 


packing the area 
portion of the liver con 
Without performing vascular occlusion as 


d es crib ed 


was 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Generally 3.5- and 5-mm ameroid constrictors are used for 
occlusion of single extrahepatic shunts. Blunt-tipped, right- 
angled, or Mixter forceps are useful for dissecting around re¬ 
structures. Shunt ligation usually is performed with 
silk suture because of the relative knot security this suture 
affords. Delayed wound healing may be a problem if the pa¬ 
tient is hypoproteinemic. To prevent dehiscence, a long-last¬ 
ing absorbable suture material such as poiydioxanone or a 
nonabsorbable suture material should be used to close the 

iinea alba* 


NOTE • Worn owners that ligation of intrahepatic 
shunts is difficult because the shunts are often hard 
to identify at surgery. 


nous 


Ex/end the abdominal mc/s/on proximolly into the caudal 
sternebrae. fnc/se the left triangular ligament and free the left 
lateral liver lobe so that it can Jbe retracted to the right Use 
a combination of sharp and blunt dissection to isolate the 

anomalous vessel at its junction with the hepatic vein . Place 

I and attenuate flow 


NOTE * Ameroid constrictors are available through 

Research Instruments Northwest, 1369 N. 47th Ave, 
Sweet Home, Oregon 97386 (541-753-201 8). 


a single si/Jc ligature oround the vesse 
wfij'le measuring porta/ pressures. 


Partial Hepatectomy for Removal 
of Hepatic Arteriovenous Fistula 

Treatment of a hepatic A-V fistula involves removal oi the af¬ 
fected lobes and abnormal vascular structures. This has been 
done with or without temporary hepatic vascular occlusion. 
It temporary vascular occlusion is used, the vascular clamps 
and occlusive ligatures should be released within 15 minutes. 
In some animals, caudal vena cava banding has also been 

perform ed to in c rease h ep a ti c bloo d ll o w. 


Mixter, gallbladder or 


Right-angled forceps (e.g 
gallduct, or thoracic forceps) are widely available from many 
instrument manufacturers or suppliers, including Week, 


Miltex, V. Mueller, Scan!an, and Codman. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Generally animals can be sent home the day after placement 
of an ameroid constrictor. Continuing medical management 
and feeding a low-fat diet may be necessary until the shunt 
vessel occludes and the hepatic parenchyma regenerates. The 
patient should be reevaluated 2 to 3 months after surgery and 
tested for evidence of improved hepatic function (i.e. T normal 

albumin and improved postprandial bile acids). The 

a nor- 


Extend f/ie abdominal incision cranially through the caudal 
stemebroe and incise the diaphragm down to and partly 
around rfie hiatus of the cauefo I vena cavo> Place moistened 
umbilical tapes around the thoracic portion of the caudal 

abdominal portion of the caudal vena cava (be¬ 
tween the liver and renal veins) / and the portal 
proximal to the first hepatic branch\). Pass the umbilical tapes 
in rough a piece of rubber tubing ffiume/ tournjquetj. Identify, 
Isolate, and ligate the phrenicoabdomlno 1 veins one/ isolate 
flie celiac and crania/ mesenteric arteries . Place a purse- 
string suture in the portal vein or a splenic tributary and pass 
o 3.5 or 5 Fren ch ca theter in to th e vess e 1 to man 1 to r portal 

pressures. Monitor blood pressure carefully during surgery; 
manipulation and ligation of the fistula may cause sudden ; 
severe feefoaforrs. isolate the affected lobes by dissection of 
the triangular, coronary, and hepatorenal ligaments and the 
liqoments of the lesser omentum, identify the hepatic arterial 
branch supplying the affected lobe and temporarily occlude 
if to see if pressure in the fistula diminishes . Double ligate the 
arterial supply of the fistula with nonabsorbable suture (e.g. f 
2*0 si/fcj . Isolate the portal branch and biliary ducts to the 
affected lobe and double ligate them. Temporarily occlude 
the vasculature by tightening the preplaced umbilical tope 
ligatures and by placing vascular clamps on the celiac 
and cranial mesenteric arteries. Sharply dissect the liver 


vena cavo f 


(just 


se rum 

animal maybe weaned off medications and returned to 
mal diet when hepatic function is determined to be adequate. 

When shunt ligation or attenuation is performed, inten- 

management and close observation of the patient 
extremely important, because portal hypertension may 
develop several hours after the procedure. Hypertension and 
splanchnic congestion may be evidenced as a painful ab¬ 
domen, hemorrhagic diarrhea, endotoxic shock, and death. 
Many shunt patients have a painful abdomen during the early 
postoperative period, which may make it difficult to recog¬ 
nize life-threatening portal hypertension. However, should 
signs of endotoxic shock or hemorrhagic diarrhea or other 
signs of a deteriorating condition occur, emergency surgery 

or loosen the ligature around the shunting vessel is 
advisable. Portal vein thrombosis may occur in single PSS 
cases in which the shunt has been partly ligated; it is a poten¬ 
tially life-threatening complication. If a shunt is only partly 
ligated, some authors recommend a single anticoagulant dose 

of heparin at the time of shunt attenuation. Ascites may 
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occur after single shunt ligation. The ascites is self-limiting 
and usually resolves in 1 to 3 weeks. Diuretics may be used if 
drainage occurs from the incision site or if the animal expe¬ 
riences discomfort because of the abdominal distention. 

Status epilepticus after PSS ligation has been reported. 
These seizures generally are first noted 2 to 3 days after shunt 
ligation; their etiology is unknown. Administration of 
propofol may be necessary to control the seizures initially, 
and long-term anticonvulsant therapy may he required. 
Owners should be counseled that permanent neurologic ab¬ 
normalities, such as blindness, may occur. Medical manage¬ 
ment of hepatic encephalopathy should be continued post- 
operatively until the hepatic parenchyma regenerates; this 
may take several months. If the clinical signs have not im¬ 
proved within 2 to 3 months, nuclear scintigraphy or jejunal 
portography should be repeated. 


Koblik PD, Horn of WJ: Transcolonic sodium pe r tedmetate Tc 99m 
scintigraphy for diagnosis of m acrovaseul a r portosystemic 
shunts in dogs, cats, and pothe! 1 led pigs; 176 cases (1988- ] 992 ), 
} Am Vet Med Assoc 207:729, 1995, j 

Komtebedde J ct ai: Intrahepatic portosystemic venous anomaly it) 
the dog: perioperative management and complications, VetSurg 
20:2379, 1995. 

Kyles HA et aJ: Evaluation of a port oca vai veno graft and ameraid 
ring for the occlusion of intrahepatic port oca val shunts in dogs. 

Vet Surg 30:161, 2001, 

Meyer HP et al: Increasing incidence of hereditary intrahepatic 
portosystemic shunts in Irish wolfhounds in the Netherlands, Vh 
Rec 136:13,1995, 

Miller MW, Possum TW; Transvenous retrograde portography for 
diagnosis of portosystemic shunts in dogs, / Am Vet Med Am 
(in press). 

Schermerhorn T et al: Suspected microscopic hepatic arteriove¬ 
nous fistulas in a young dog, J Am Vet Med Assoc 211:70,1997, 

Vogt ]C et ah Gradual occlusion of extrahepatic portosystemic 
shunts in dogs and cats using an ameroid constrictor, Vet S^fi* 

25:495,1996. 

Watson PJ, Heritage ME: Medical management of congenital por¬ 
tosystemic shunts in 27 dogs: a retrospective study, } Small Anim 
Pract 39:62, 1998, 

White RN, Burton CA, McEvoy EJ: Surgical treatment of irttrahep- 
atic shunts in 45 dogs, Vet Rec 142:358,1998. 
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Hoitinger HA, Walsh aw R, Hauptman JG; Long-term results of 
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in dogs, Vet Surg 24:331,1995. 

Hunt GB et al: Surgical management of multiple congenital intra- 
hepatic shunts in two dogs: case report. Vet Surg 27:262,1998. 

Komtebedde I et al: Long-term clinical outcome after partial liga¬ 
tion of single extrahepatic vascular anomalies in 20 dogs, Vet 
Surg 24:2379, 1995. 

Matsus hek K j, Bp o rl i n g D, M at h ews K: Generalized mote r seizure 
after portosystemic shunt ligation in dogs: five cases (1981- 
1988), / Am Vet Med Assoc 196:2014, 1990. 

Roy RG et al: Portal vein thrombosis as a complication of portosys¬ 
temic shunt ligation in two dogs, f Am Anim Hasp As see 28:53, 
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tosystemic shunts. Vet Surg 22:363, 1993, 

Youmans KR, Hunt GB: Experimental evaluation of four methods 
of progressive venous attenuation in dogs, Vet Surg 28:38,1999. 
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PROGNOSIS 


Complications are rare with placement of an ameroid con¬ 
strictor on an extrahepatic shunt; however, portal hyperten¬ 
sion caused by kinking of the vessel or seizures (or both) may 
occur. The cause of seizures in these patients is not well un¬ 
derstood (see above). In addition, the development of multi¬ 
ple acquired shunts has been reported after placement of an 
ameroid constrictor (Vogt et al, J 996), With ligation, the sur¬ 
gical mortality is relatively high, a fact that reflects the many 
variables and unknown factors that exist in relation to portal 
physiology and dynamics. In some patients that tolerate only 
partial occlusion of the shunt, clinical signs may continue 
postoperatively and require dietary and medical manage¬ 
ment. In such animals, reoperation and total shunt occlusion 
are recommended. In a study of 20 dogs that underwent par¬ 
tial ligation ot a single PSS, the long-term outcome was com¬ 
pletely satisfactory in 10 (Komtebedde et al„ 1995). However, 
10 dogs developed complications (i.e., CN5, gastrointestinal, 
or urinary tract abnormalities) at 4 to 79 months after sur¬ 
gery In another study, dogs that had complete ligation of 
shunts were normal 1 year later, whereas nearly half of those 
that had partial ligations developed recurrence of clinical 
signs (Hottinger, Walshaw, Hauptman, 1995). 

Hemorrhage, hypotension, and acute hepatic congestion 
are possible complications during surgical correction of in¬ 
trahepatic PSS in dogs. In a study of 45 dogs with intrahep¬ 
atic shunts, 76% of the dogs became clinically normal and 
required no mediation or diet control after surgery ( White et 
al., 1998). The long-term prognosis is good for dogs with he¬ 
patic A-V fistulae that survive surgery. 
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CAVITARY HEPATIC LESIONS 


DEFINITIONS 


Cavitary hepatic lesions usually are cysts or abscesses, al¬ 
though occasionally large neoplastic lesions such as heman¬ 
giomas and adenomas cavitate. Hepatic abscesses are local- 
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ized collections of pus in the hepatic parenchyma. Hepatic 
cysts are dosed, fluid-filled sacs lined by secretory epithelium. 


t 


z 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 




Hepatic abscesses are rare in dogs and cats and usually are 
associated with extrahepatic infection (fie., ascending biliary 
tract infections, hematogenous infection via the portal vein 
or hepatic artery or direct extension from areas adjacent to 
the liver) s hepatic trauma (i.e., surgical biopsy penetrating 
wounds, or blunt trauma), or neoplasia. Despite the normal 
presence of bacteria in the liver of dogs, hepatic abscesses 
seldom occur, ' his may be related to a well-developed local 
defense system provided by the liver’s rich blood supply and 
the phagocytic ability of reticuloendothelial cells. 

Hepatic abscesses are most often recognized as a compli¬ 
cation of omphalophlebitis in puppies and usually are diag¬ 
nosed at necropsy. Diabetes mellitus has been associated 
with hepatic abscesses* The organisms most often isolated 
from hepatic abscesses in dogs include Escherichia coli and 
CtosfridiMffi spp. Small abscesses may not cause clinical signs 
and may resorb without therapy 

Hepatic cysts usually are incidental findings, although in 
rare cases they become large enough to interfere with the 
normal functioning of adjacent organs. A single hepatic cyst 
may be noted, or several cysts may be present in the same or 
different lobes. Concurrent polycystic renal disease has been 
reported in cats. If hepatic cysts are present in an animal 
with clinical evidence of hepatic dysfunction, liver biopsy of¬ 
ten is warranted to determine the cause. 


i 


i 

*7 




FIG 22-19 


c 


Lateral abdominal radiograph of a 2-year-old cat with 
large hepatic cyst. The cat was asymptomatic. 


g 


gas is noted in the hepatic parenchyma, which strongly sug¬ 
gests abscessation caused by gas-forming bacteria. Ultra¬ 
sonography is the most useful diagnostic test for defining 
hepatic abscesses and cysts in dogs and cats. Hepatic ab¬ 
scesses appear as hvpoechoic or anecholc structures that 
may contain mixed echo densities, depending on the celiu- 
larity Scintigraphy and computed tomography (CT) also are 
highly sensitive but used less often. Ultrasound-guided fine- 
needle aspirations of hepatic abscesses can be performed be¬ 
fore surgery; however, there is a risk that the abscess will 
rupture or drain into the abdomen and cause diffuse peri¬ 
tonitis. Fluid removed from cysts during fine-needle aspira¬ 
tion usually is transudative. 
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DIAGNOSIS 

Clinical Presentation 

Signalment. No gender or breed predisposition has 
been reported for hepatic abscesses or cysts* 

History. Clinical signs of hepatic abscessation vary and 
may include a n orexi a J eth a r gy, weight loss, a n d inter m i tt ent 
abdominal pain. Most animals with hepatic cysts are asymp¬ 
tomatic; however, some cysts cause abdominal distention. 
Secondary infections of hepatic cysts may cause clinical signs 
similar to those of hepatic abscesses. 

Physical Examination Findings 

Physical examination findings commonly noted in animals 
with hepatic abscessation include persistent fever, he¬ 
patomegaly, and abdominal enlargement. Palpation of a firm 
abdominal mass and marked abdominal distention may be 
noted in some animals with hepatic cysts. 

Radiography and Ultrasonography 

Small hepatic cysts often are incidental findings on abdomi¬ 
nal radiographs or ultrasound scans* Large hepatic cysts 
usually are well-defined, radiopaque structures in the cranial 
abdomen (Fig, 22-19). Abdominal radiographs may demon¬ 
strate hepatomegaly in animals with hepatic abscesses, but a 
well-defined hepatic mass is seldom evident* Occasionally 


fcs 


i- 


i- 


NOTE • Evaluate the kidneys for cystic disease in 
cats with hepatic cysts* Both conditions may be 
present. 
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Laboratory Findings 

Laboratory abnormalities are seldom present with hepatic 
cysts* They are variable in animals with hepatic abscesses but 
may inc lu de an i n fl a m m ato r y le u ko gram a n d n o n regen era - 
tive anemia. Serum biochemical abnormalities may include 
hypo alb urn ine m ia, hypokalemia, hyperglycemia, and ele¬ 
vated hepatic enzymes; however, elevation of alanine 
transaminase activity is not a consistent finding. 
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DIFFERENTIAL DIAGNOSIS 


Hepatic cysts, abscesses, neoplasms, and parasitic lesions 
must be differentiated. Hepatic abscesses often are difficult 
to diagnose because they produce nonspecific signs that may 
be masked by associated disease processes. Large neoplastic- 
hepatic lesions may necrose and become secondarily in¬ 
fected* Infection of hepatic cysts is also possible. For these 
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some animals they may he administered after intraoperative 
cultures have been taken. 

Anesthesia I 

See pp. 450-451 for the anesthetic management of animals 
with hepatic disease. 

Surgical Anatomy 

See p. 452 for the surgical anatomy of the liven 

Positioning 

I he animal is positioned in dorsal recumbency for a midline 
abdominal incision. The prepped area should extend from 
mid-thorax to the pubis. 


TABLE 22-9 


: 


Antibiotics Used to Treat Hepatic Abscesses 


i 


Amoxicillin plus dovulonate (Clavomox) 


Dogs: 12,5-25 mg/kg PO y bid 
Cats: 62,5 mg PO, bid 


< 


Enrofloxacin [Bayirilj* 


5-10 mg/kg PO or IV, bid 


J 


Cefoxitin (Mefoxin) 

30 mg/kg IV, tid lo qid 

Cefazolin (Ancef, Kefzol] 

20 mg/kg IV or IM, tid to qid 

Metronidazole (Flagyl) 

10 mg/kg IV or PO, tid 


I 


l 


c 


SURGICAL TECHNIQUE 


1: 


Hepatic abscesses and cysts generally are treated by partial 
he pa tec to my (see pp. 454-455), Although there is less con¬ 
cern about spillage ot cystic contents into the abdomen, it is 
wise to try to remov e the cyst without entering the lumen 
Culturing hepatic cysts may be optional if the fluid does not 
appear infected ecologically; however, some cysts can de¬ 
velop secondary bacterial infections. 


4 


\ 


PO, Oral; bid, twice a day; IV, intravenous; tid f three ti 
qid, four times a day; IM f intramuscular, 

*Doses greater than 5 mg/kg may be associated with blindness in 
cats. 


a day; 


mes 
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reasons, histologic evaluation of surgically resected tissue is 
important, 


r 


Pact the area surrounding the liver with moistened laparo¬ 
tomy sponges to diminish intraoperative contamination if the 
lumen of the abscess or cyst is entered , If possible, resect ihe 
affected portion of the liver without entering the l 
ture the lesion and submit it for histologic examination l Pal¬ 
pate the remainder of the liver parenchyma for other nodules 
and explore the abdominal cavity for associated infection or 

disease. 8 


F 


MEDICAL MANAGEMENT 


I 


Medical management of hepatic abscesses entails adminis¬ 
tering fluid therapy, correcting electrolyte and acid-base 
abnormalities, and initiating appropriate antibiotic ther¬ 
apy. Resection oi hepatic abscesses is indicated as soon as 
the animal's condition has been stabilized. Preoperative 
tibiotic therapy may be based on culture and sensitivity 
results if fine-needle aspiration has been performed, or 
antibiotics with bactericidal activity against anaerobes and 
gram-negative bacteria (e.g., amoxicillin plus clavulanic 
acid plus enrofloxacin, cefoxitin, cefazolin plus metronida¬ 
zole; Table 22-9) may be given empirically. Parenteral an- 
tibiotics arc indicated in the perioperative period. Combi¬ 
nation therapy may be necessary, particularly if multiple 
organisms are isolated. Percutaneous drainage of hepatic 

cysts and sclerosis of the cyst lining have not been reported 
in dogs or cats. 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


a 


It 


See p. 456 for recommendations for suture choices during 
pa r tial h epatecto my. 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


B 


Fluid therapy for animals with hepatic abscesses should be 
continued until the animal Is drinking normally. Antibiotic 
therapy should be continued for 7 to 10 days. The animal 
should be monitored for peritonitis (be., leukocytosis, fever 
abdominal fluid, abdominal pain) if abdominal contamina- 
tion occurred. Minimal postoperative care is needed for 
most animals with hepatic cysts, 1 


P 


SURGICAL TREATMENT 




Whether hepatic cysts should be removed when diagnosed 
in asymptomatic animals is not clean Although these cysts 
could enlarge or become infected and cause clinical signs, lit¬ 
tle information is available about the long-term follow-up of 
large hepatic cysts that are not surgically resected in dogs or 
cats. Hepatic cysts associated with clinical signs and hepatic 
abscesses should be promptly resected. 


PROGNOSIS 


The prognosis for animals with hepatic abscesses depends j 

the rapidity with which the abscess is diagnosed, whether 

concurrent peritonitis is a factor, and the animal's overall 

health. With prompt surgical intervention, the prognosis is j 

good. The prognosis for animals with hepatic cysts (with or 

without surgery) is good unless concurrent hepatic or renal I 
disease exists. 


on 


Preoperative Management 

Symptomatic animals should be in stable condition before 
surgery. Antibiotics may be initiated before surgery, or in 
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duct epithelium; neoplasms of the extrahepatic bile duct and 
gallbladder are rare. 

Most malignant primary hepatic tumors are highly 
metastatic. They may metastasize by direct extension to 
other parts of the liver or to adjacent organs or via lymphat¬ 
ics or blood to distant sites. Epithelial tumors most often 
metastasize to the regional lymph nodes and lungs. Mes¬ 
enchymal tumors most often metastasize to the spleen. 

Metastatic neoplasia is more common in the liver than 
are primary tumors. The liver is a common site tor metasta¬ 
sis because it acts as a filter between the abdominal organs 
and the systemic circulation. Lymphosarcoma is the most 
common secondary hepatic tumor. Other tumors that com¬ 
monly metastasize to the liver are pancreatic adenocarcino¬ 
mas, hem angiosarcomas, insulinomas, and tumors of the al¬ 
imentary and urinary tracts, 

DIAGNOSIS 

Clinical Presentation 

Signalmen!, Primary hepatic neoplasia usually is a dis¬ 
ease of aged dogs and cats. There is no known breed predis¬ 
position. Hepatocellular carcinomas may be more common 
in male dogs, whereas cholangiocellular carcinomas may be 
more common in cats and female dogs. Dogs with metastatic 
liver cancer may be slightly younger (7,8 years of age) than 
those with primary hepatic malignancy (10 years of age). 

History, Many animals with primary hepatic neoplasia 
are presented for treatment of signs associated with hepatic 
failure. The animal may be lethargic, weak, anorexic, losing 
weight, or vomiting or may have polyuria or polydipsia. The 
clinical signs associated with metastatic hepatic neoplasia 
vary considerably. 

Physical Examination Findings 

The most significant finding on physical examination of 
most primary hepatic tumors is an enlarged liver; however, 
hepatic carcinoids may not cause significant hepatomegaly. 
Additional findings may include jaundice and ascites. He- 
mangiosarcomas and hepatocellular adenomas may rupture 
and cause hemoperitoneum. Marked hepatomegaly is less 
common with metastatic neoplasia; however, lymphosar¬ 
coma often causes diffuse hepatic enlargement. 

Radiography and Ultrasonography 

Survey radiographs help localize the mass to the liver (Fig. 
22-20) and may reveal extrahepatic metastasis. Thoracic ra¬ 
diographs should be taken whenever hepatic neoplasia is 
suspected, because pulmonary metastasis is common. Ultra¬ 
sonography Localizes and defines the extent of disease. 
Ultrasound-guided biopsies may allow presurgical diagnosis 
(see p. 453). 


Suggested reading __ 

Downs MO ct al; Liver lobe torsion and liver abscesses in a dog, 
I Am Vet Med Assoc 212:678,1998. 
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HEPATOBILIARY NEOPLASIA 


DEFIHITIONS 


Hepatocellular tumors arise from hepatocytes; cholangio- 
cellula r n eopl a sms ar i se fro mini ra h ep at i c or ext r ah e p at i c 
bile duct epithelium. 


SYNONYMS 


The term hepatoma has been used to refer both to hepatocel¬ 
lular carcinomas and to hepatocellular adenomas. Cholan¬ 
giocellular carcinomas are also known as bile duct carcinomas. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Primary hepatic neoplasms are uncommon in dogs and cats. 
They may be of epithelial or mesenchymal origin (Table 
22-10). Hepatocellular carcinomas and cholangiacellular 
carcinomas are the most commonly diagnosed primary he¬ 
patic malignancies in dogs. Hepatocellular carcinomas may 
involve a single liver lobe or may be nodular or diffuse and 
involve multiple lobes. In cats, cholangiocellular adenomas 
are the most common primary tumor. Hepatic carcinoids 
are rare tumors that arise from neuroectodermal cells in the 
liver. Benign hepatic masses (i.e., adenomas or cysts) often 
a re i n c i den tal findi n gs a t n ecro p sy. Th e y ma y b e m ore co m - 
mon than malignant tumors in both species but often go un¬ 
diagnosed because they seldom cause clinical signs. Cholan¬ 
giocellular carcinomas arise primarily from intrahepatic bile 


id TABLE 22-10 


Primary Hepatic Neoplasia in Dogs and Cats 


Epithelial 

■ Hepatocellular carcinoma 

* Hepatocellular adenoma 

* Cholangiocellular carcinoma 

* Cholangiocellular adenoma 

* Hepatic carcinoids 

Mesenchymal 

* Hem angiosarcoma 

* Fibrosarcoma 

* Exfraskeletal osteosarcoma 

* Leiomyosarcoma 


NOTE * Ultrasonography is particularly useful in 
animals with ascites. Radiographs often show little 
abdominal detail when ascites is present. 
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not diagnosed until they are large and metastasis has oc¬ 
curred Because they usually are diagnosed in older animals, 
concurrent cardiac, renal, or other metabolic problems are 
common* Medical therapy should aim at correcting fluid 
and electrolyte imbalances and providing nutrition to im¬ 
prove the chances of surviving surgery 


SURGICAL TREATMENT 


If the tumor is localized to a single lobe or confined to the gall¬ 
bladder , surgical resection may be curative. Partial hep ate o 
tomy and cholecystectomy are described on pp. 454 and 477, 
respectively. Surgical biopsies should be performed on all ani¬ 
mals with hepatomegaly or nodularity, because differentiation 
of lesions requires histopathologic evaluation. The presence of 
multiple hepatic masses does not indicate metastatic disease or 
even neoplasia because primary hepatic tumors may spread to 
other portions of the liver, and multiple benign masses maybe 
seen in the liver. If neoplasia is suspected, the draining lymph 
nodes and surrounding organs should be carefully assessed for 
metastasis* Hepatocellular tumors are most commonly found 
in the left medial and left lateral liver lobes* 


FIG 22-30 


Lateral abdominal radiograph of a dog with a large, malig¬ 
nant hepatic tumor Note the similarities between the radi¬ 
ographic appearance of this tumor and the benign hepatic 

cyst in Fig. 221 9, Benign and malignant hepatic masses 
cannot be differentiated radiographically. 


Preoperative Management 

The animals condition should be stabilized before surgery if 
possible. Fluid therapy should he initiated and electrolyte 
imbalances corrected* Blood transfusions (see Table 22 l 
should be given to animals that are severely anemic (It, 
packed cell volume less than 20%), especially if bleeding ten¬ 
dencies are present (Lev, petechiation, ecchymosis, or hem- 
o r r h age Ml th e animal h as cl i n i ca 1 evid ence o f c oagu In pat hy 
on the mucosal bleeding time or is severely thrombocy¬ 
topenic (Le., fewer than 20,000 platelets/pi), consider 
plasma or whole blood transfusions and ensure hemostasis 
at surgery. Patients with a prolonged one-stage prothrombin 
time (OSPT or PT) and partial thromboplastin time (PTT) 
should be monitored for bleeding before, during, and after 
surgery* If the patient has massive ascites, slow removal of 
some fluid before induction of anesthesia may help prevent 
hypoventilation associated with positioning the patient 
while it is prepared for surgery 

Anesthesia 

Ventilation of patients with ascites requires support (Le 
termittent positive-pressure ventilation [IPPV]). Comp rev 
sion of the caudal vena cava in patients with large hepatic 
masses or massive ascites may diminish venous return and 
reduce cardiac output. See pp* 450-451 for additional com¬ 
ments about the anesthetic management of patients with 
hepatic disease. 

Surgical Anatomy 

See p* 452 for the surgical anatomy of the liver. 

Positioning 

Exploration of the liver generally is performed through •& 
cranial ventral midline abdominal incision (see p. 452) * The 
incision may be extended paracostally to allow enhanced vi- 


Loborafory Findings 

Neutrophilia and biochemical abnormalities compatible with 
hepatic disease (elevated serum alanine transaminase, aspar¬ 
tate transaminase, and serum alkaline phosphate) are common 
but inconsistent findings in animals with hepatic neoplasia. 
They are nonspecific, but recognition may prompt further 
evaluation of the hepatobiliary system. Mild to moderate ane¬ 
mia is less commonly associated with hepatic neoplasia. Serum 
bilirubin concentrations may be elevated, particularly if extra- 
hepatic biliary obstruction occurs. Occasionally, hypoglycemia 
causes clinical signs* Albumin levels usually are normal in pa¬ 
tients with primary hepatic neoplasia* Biochemical abnormal¬ 
ities seldom correlate with the extent of hepatic involvement 
with either primary or metastatic tumors. 
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NOTE • Laboratory abnormalities often do not oc¬ 
cur until the neoplasm is large enough to make 
gica! excision difficult. 
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DIFFERENTIAL DIAGNOSIS 


Primary hepatobiliary tumors must be differentiated from 
nodular hyperplasia, abscesses, hematomas, or cysts* Histo¬ 
logic and/or cytologic evaluation of fine-needle aspirates or 
biopsy specimens is necessary to distinguish definitively be¬ 
tween these lesions (see p. 453). Percutaneous biopsies 
should not be performed in animals with clinical bleeding 
disorders or if the lesions appear cavitary or highly vascular* 
Cytologic evaluation of abdominal fluid is seldom helpful in 
differentiating between these lesions* 
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MEDICAL MANAGEMENT 


Surgical excision o! primary malignant hepatic tumors is the 
treatment of choice. Unfortunately, these tumors often are 
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Selected abstracts of recent manuscripts 


sualization and manipulation of large tumors* The prepped 
area should extend from midthorax to the pubis* 


Heldmann E, Holt DE, Brockman DJ, Brown DC, 
Perkowski SZ* Use of propofol to manage seizure activity 
after surgical treatment of portosystemic shunts* / Small 
Anim Pract 40:590,1999. The anesthetic agent propofol has 
anticonvulsant properties and has been used in the treat¬ 
ment of refractory status epilepticus in human medicine* 
This report describes the use of propofol in four cats and 
one dog with naturally occurring seizures after surgical at¬ 
tenuation of single extrahepatic portosystemic shunts. A 
good neurologic outcome was achieved in two ot the Jive 
cases* 


SURGICAL TECHNIQUE 


See pp. 454 and 477 for a description of surgical techniques 
for partial hepatectomy or cholecystectomy, respectively. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Absorbable suture material is used for hepatic biopsy (see 
p. 453)* ligation of the cystic duct for cholecystectomy 
generally is done with nonabsorbable suture material (see 

p* 477). 


Hunt GR, Belknger CR, Borg R, Youmans KR, Tisdall PLC, 
Malik R* Congenital interruption of the portal vein and 
caudal vena cava in dogs: six case reports and a review of 
the literature, Vet Surg 27:203, 1998* The authors report six 
cases of abdominal vein malformation in dogs. Serious mal¬ 
formations of the abdominal veins, including interruption 
and abnormal anastomosis, were 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative nutritional support of patients with hepatic 
neoplasia often is necessary (see Chapter 11). Nonresectable 
primary hepatic tumors seldom respond to chemotherapy 
or radiation therapy. Chemotherapy may palliate hepatic 
lymphosarcoma* For other considerations in animals under¬ 
going p artial hepatecto my, see p. 456. 


1 in 20 


in more 

dogs with single congenital portosystemic shunts in the au¬ 
thors’ practice, it was concluded that most dogs with this 
type of congenital abnormality develop hepatic en¬ 
cephalopathy and are suspected of having uncomplicated 
congenital portosystemic shunts. Veterinarians performing 
diagnostic imaging and surgical attenuation of portosys¬ 
temic shunts should be aware of these possible malforma¬ 
tions because it is important to evaluate all dogs lor portal 
vein continuity before attempting shunt attenuation. The 
prognosis for clinical recovery is guarded to poor if portal 
vein aplasia is present. 


PROGNOSIS 


rhe prognosis for dogs and cats with primary hepatobiliary 
malignancies often is poor; however, some dogs may live for 

longer with aggressive therapy. In a recent report of 


a year o r 

cats with malignant, nonlymphoma tons hepatobiliary dis¬ 
ease that underwent surgery, the median length of the sur¬ 
vival was 0.1 months (range, less than 1 day to 4 months) 
{Lawrence, Erb, and Harvey, 1994). The high rate of metas¬ 
tasis and degree of invasion make surgical resection unlikely 
to be curative in most patients. Benign tumors may be sur¬ 
gically resected, and iong-term survival of patients with be¬ 
nign hepatic tumors has been reported* Survival times in five 
cats with hepatobiliary cystadenomas ranged from 12 to 44 
months alter surgery (Trout et al, 1995). 


Hunt GR, Hughes J. Outcomes after extrahepatic portosys¬ 
temic shunt ligation in 49 dogs, Ausf Vet ) 77:303, 1999. 

The outcome of shunt ligation in 49 dogs was studied. The 
authors concluded that with an experienced surgeon, surgi¬ 
cal attenuation of single extrahepatic shunts was safe and ef¬ 
fective even in animals that underwent only partial attenua¬ 
tion. Most dogs with biochemical evidence of persistent 
shunting suffer relapse of clinical signs within 18 months of 
surgery. Postligation neurologic syndromes of varying in ten- 
s ity may b e m o re common t ha n p revi o u sly tho ugh t, 

Kerr MG, van Doom T, Mass screening of Irish wolfhound 
puppies for portosystemic shunts by the dynamic bile acid 

test, Vet Rec 144:693, 1999, Five hundred and sixty-six Irish 
wolfhound puppies age 6 to 15 weeks were tested for con¬ 
genital portosystemic shunts by the dynamic bile acid 
method. The plasma ammonia concentration was also meas¬ 
ured in 165 of the puppies, both fasting and postprandially. 
Nineteen puppies (3%), 9 males and 10 lemales, had por¬ 
tosystemic shunts. Smaller litters appeared to be more likely 
to have affected puppies* The postprandial bile acid concen¬ 
tration was a reliable predictor of the presence at a shunt; 
the highest concentration in a normal puppy was 38 pmol/L. 
In contrast, the fasting bile acid concentration was normal in 
most of the affected puppies. The fasting plasma ammonia 
concentration overlapped considerably between normal and 


References 


Lawrence HJ, Erb HN, Harvey HJ: Nonlymphomatous hepatobil- 

V£f Surg 23:565, 1994. 

'['rout NJ et al: Surgical treatment of hepatobiliary cystadenomas 

(1988-1993), / Am Vet Med Assoc 206:505, 


iarv masses in cats: 41 cases, 


in cats: 


Suggested reading 


cto my in two dogs, / Small Anim 


Fry PD, Rest JR: Partial hepate 
Pract 34:192,1993, 

L eve ill e R et al: Complications after ultrasound-guided 
abdominal structures in dogs and cats: 246 cases (1984-1991),/ 


biopsy of 


Am Vet Med Assoc 203:413,1993. 

McCaw DL> da Silva Curiel JMA, Shaw DP: Hepatic myelolipomas 
in a cat, J Am Vet Med Assoc 197:243,1990* 

Nyland TG, Kohlik PD, Tel Iyer SF: Ultrasonographic evaluation of 

biliary cystadenomas 

Post G, Patnaik AK: Non hematopoietic hepatic neoplasms in cats: 
21 cases (1983-1988), / Am Vet Med Assoc 201:1080, 1992. 


in cats, Radiol Ultrasonogr 40:300 


,1999. 








474 


PARI III Soft Tissue Surgery 


affected puppies (26 puppies, 15.8% of those tested). The 
postprandial ammonia concentration appeared to better 
separate the two groups. It was concluded that the postpran¬ 
dial or dynamic bile acid test is an appropriate test for mass 
screening of Irish wolfhound puppies for portosystemic 

shunts; guidelines were proposed for interpretation and 
follow-up of the test* 

Niles JD, Williams JM, Cripps PJ. Hemostatic profiles in 39 
dogs with congenital portosystemic shunts. Vet Surg 30:97, 

200L Hemostatic profiles were analyzed in 39 clogs with 
congenital portosystemic shunts (PSS), Dogs with congeni- 

a significantly prolonged partial thromboplastin 
time (PTT) that was not associated with bleeding during 
surgery The authors suggested that significant prolongation 
of the PTT may be the result of impaired hepatic synthesis of 
one or more of the coagulation factors involved in the in¬ 
trinsic system as a consequence of the portosystemic shunt¬ 
ing of blood. As an alternative, portosystemic shunting of 

blood may somehow increase the susceptibility of these fac¬ 
tors to destruction. 


Sterezer A, Meyer HP, van Sluijs FJ, Rothuizen J. Fast 
lutlon of hypcrcortisol!sm in dogs with portosystemic en¬ 
cephalopathy after surgical shunt closure. Res Vet Set 
66:63,1998. The aim of this study was to investigate whether 
hypercortholism in dogs with congenital portosystemic 
shunts (PSS) disappeared after surgical closure of the shunts 
concomitantly with recovery from hepatic encephalopathy. 
The authors examined 22 dogs before and 4 weeks after par¬ 
tial surgical closure of a single, large congenital portosys¬ 
temic shunt. It was concluded that portosystemic 
cephalopathy was closely related to hypercortisolism in dogs 
with PSS and that both deviations resolve completely within 
4 weeks of closure of the shunt. 


reso- 


en- 


tal PSS had 


Wolschrijn CF, Mahapokai W, Rothuizen J, Meyer HP, 
Sluijs FJ. Gauged attenuation of congenital portosystemic 
shunts: results in 160 dogs and 15 cats, Vet Q 22:94, 2000, 

Portosystemic shunts were ligated over a gauged stainless 
steel rod in 160 dogs and 15 cats, using a midline celiotomy. 
The diameter of the rod varied with the size of the shunt and 
the diameter of the portal vein cranial to the shunt. Shunts 
were narrowed to the smallest diameter that did not cause 
signs of portal hypertension, such as cyanosis of the stom¬ 
ach, pancreas, and small intestine. The perioperative mortal¬ 
ity (0 to 30 days) was 29%. The most common cause of 

was euthanasia because of hypoplasia of the portal 
vein cranial to the shunt. Animals with intrahepatic shunts 
had a significantly lower probability of survival than animals 
with extrahepatic portacaval or porioazygous shunts. In 
dogs, large breed and a high body weight 
cant risk factors for nonsurvival. Age had a significant effect 
on the risk of nonsurvival, with an increased risk for older 


Sequin R, Tobias KM, Gavin PR, Tucker RL. Use of magnetic 
resonance angiography for diagnosis of portosystemic 
shunts in dogs. Vet Radiol Ultrasound 40:251, 1999. A 

prospective study was conducted to determine the sensitivity 
and specificity of diagnosis of portosystemic shunts (PSS) 
and the accuracy of anatomically locating a single congenital 

PSS in dous 


using magnetic resonance angiography (MRA). 
MRA was performed on 10 normal dogs and 23 dogs with 
PSS. The sensitivity and specificity of MRA to diagnose any 
shunt among all dogs were 80% and 100%, respectively 
Among dogs identified with PSS, the sensitivity and speci¬ 
ficity of MRA for diagnosis of multiple extrahepatic shunts 
were 63% and 97% 


were also signifi- 


dogs, regardless of breed (large or small). The probability of 
survival without recurrence of hepatoencephalopathy (HE) 
after 1 and 4 years was 61 . 3 % and 55.7%, respectively. The 

was significantly associated with nonro 
currence of HE w r as the breed of the dog, there being a lower 
probability for large breeds. Among the animals that sur¬ 
vived 

higher probability of recurrence of HE 


respectively, and for the diagnosis of a 
single congenital shunt were 79% and 100%, respectively. Us¬ 
ing MRA, radiologists correctly identified shunts as extrahep¬ 
atic or intrahepatic in 83% of patients and correctly identi¬ 
fied the origin and insertion of the shunts in 57% and 97% of 




patients, respectively. Use of MRA is specific for diagnosis of 
PSS and is a sensitive indicator of the anatomic location of 
single congenital portosystemic shunt. 


surgery for more than 30 days, there was a significant 

in cats than in dogs. 
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Dosage for Vitamin K t (AquaMephyton, Mephyton) 




0.1-0,2 mg/kg SC r * sid 


id 


DEFINITIONS 


Cholecystotomy is the creation of an opening into the gall¬ 
bladder for drainage; cholecystectomy is removal of the 
gallbladder, Choledochotomy is incision of the common 
biJc duct for exploration or removal of a calculus. Gholedo- 
c hod node n os to my is a rarely indicated procedure in dogs 
and cats that involves surgical anastomosis of the common 
bile duct to the duodenum. Cholecystoduodenostomy and 
chokcystojejunostomy are surgical anastomoses of the gall¬ 
bladder to the duodenum or jejunum, respectively Calculi 
may form in the gallbladder (cholelithiasis) or 
bile duct (choledocholithiasis). 


*Do not give intravenously or Intramuscularly. 
SC Subcutaneous; s/d, once a day. 
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PRE0PERATIVE CONCERNS 


E 


Biliary disease may be caused by obstruction ot the extra- 
hepatic biliary system, neoplasia, infection, or trauma. Le¬ 
sions that cause obstruction of the extrahepatic biliary sys¬ 
tem may be extraluminal or intraluminal. Extraluminal 

4 

obstruction may be caused by pancreatitis, pancreatic neo¬ 
plasia, duodenal or pyloric neoplasia, hepatic or biliary neo¬ 
plasia, or pancreatic abscessation. Intraluminal obstruction 
is less common but may occur in association with cholelithi¬ 
asis, choledocholithiasis, or inspissated bile. Pancreatic dis¬ 
ease is the most common cause of extrahepatic biliary ob¬ 
struction in dogs. Scar formation may occur in or around 
the duct, or the duct may be compressed by fibrotic or in¬ 
flamed pancreatic tissue. Pancreatic abscesses and cysts may 
also cause biliary obstruction. 

Animals with obstructive biliary disease should have elec¬ 
trolyte and fluid abnormalities corrected before surgery. 
Prolonged biliary obstruction may cause vitamin K malab¬ 
sorption, resulting in deficiencies of factors VII, IX, and X. 
Animals with clinical evidence of bleeding or an increased 
mucosal bleeding time should receive vitamin K\ tor 24 to 
48 hours before surgery (Table 23-1) or fresh whole blood. 
Partial or complete biliary obstruction may allow ascending 
aerobic and anaerobic infection and subsequent bacteremia* 
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FIG 23-1 

Ruptured gallbladder in a dog with necrotizing cholecystitis. 


therefore perioperative antibiotic therapy is indicated (see 
Chapter 10), 

Extrahepatic biliary injury may be caused by blunt 
penetrating trauma. Common bile duct, gallbladder, cystic 
duct, or hepatic duct lacerations may cause bile peritonitis 
or, if the infection is “walled off” a localized inflammatory 
process with adherence to surrounding organs. Necrotizing 
cholecystitis occurs when bacteria damage the gallbladder 
wall, often resulting in peritoneal spillage of bile (Fig. 23-1), 

This frequently results in a severe, generalized septic peri¬ 
tonitis. Sometimes bile becomes inspissated before the gall¬ 
bladder ruptures, and spillage of the relatively thick, gelati- 

inlo the cranial abdomen causes a localized 
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peritonitis* Adhesions or fistulous tracts around the gall- 
bladder occasionally occur. See p. 485 for a discussion of the 
preoperative management 


SURGICAL ANATOMY 




The hepatic and cystic ducts, the bile duct (also known as the 
common bile duct), and the gallbladder constitute the extra- 
hepatic biliary system (Fig. 23-2)* Bile drains from the he¬ 
patic ducts into the bile duct and is stored and concentrated 
in the gallbladder. The gallbladder lies between the quadrate 
lobe of the liver medially and the right medial lobe laterally | 
It is a pear-shaped organ that, in medium-size dogs, holds 
approximately 15 ml of bile. The rounded end is the fundus. 
Between the neck of the gallbladder (i 
leading into the cystic duct) and the fundus 
middle portion, of the gallbladder. 

The cystic duct extends from the neck of the gallbladder 
to the junction with the first tributary from the liver. From 
this point to the opening of the biliary system into the duo¬ 
denum, the duct is called the bile duct. The bile duct 
through the lesser omentum for approximately 5 cm and en¬ 
ters the mesenteric wall of the duodenum. The canine bile 
duct terminates in the duodenum near the opening of the 

minor pancreatic duct. I his combined opening of the minor 
pancreatic 


animals with bile peritonitis* 


ANESTHETIC CONSIDERATIONS 


The anesthetic requirements and concerns for patients with 
biliary disease are similar to those for hepatic disease ( 
p. 450). An additional concern in patients with obstructive 
biliary disease relates to the effect of ji- agonists (e.g., oxv- 

morphone, morphine) on smooth muscle tone. In human 
beings with biliary obstruction, these drugs j 
sphincter tone and pain. Mixed agonist antagonists ( 

torphanol; Table 23-2) may be preferable as premedicants 
and analgesics in these patients. 
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ANTIBIOTICS 


runs 


Prophylactic antibiotics are recommended in patients under¬ 
going biliary surgery because of the detrimental effects of bac¬ 
teria] infection on healing. Antibiotic therapy for biliary infec¬ 
tions should be based on the results of culture and sensitivity 
testing of liver parenchyma or bile or both* The 
most often isolated from biliary infections 
colt, Klebsiella spp., En ter charter spp 

Pseudomonas spp. Antibiotics that 

in the bile and are commonly used to treat biliary disease i 
dude amoxicillin, cefazolin, and enrotloxacin (Table 23-3). 
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papilla. The leline bile duct usually joins the major pancre¬ 
atic duct before entering the duodenum. 
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NOTE * Chloramphenicol is dependent on hepatic 
metabolism; do not use it in patients with severe he¬ 
patic dysfunction. 
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Dose of Butorphanol {Torbutrol, Torbugesic) in Animals 
with Biliary Disease 
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Antibiotics Commonly Used in the Treatment 
of Biliary Disease 
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Amoxicillin (AmoxMobs, AmoxiDrops, Amoxi-inject) 

20 mg/kg PO, IM or SC, bid or fid 
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Cefazolin (Ancef, Kefzol) 
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20 mg/kg IV or IM, tid or q3d 
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Enrotloxacin (Baytril) 

5-10 mg/kg PO, IM, or IV, bid 
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PO, Oral; IM, intramuscular; SC, subcutaneous; bid, twice a day, 
fid, three times a day; tV, intravenous; qid, four times 


/ 


a day. 

Doses greater than 5 mg/kg may be associated with blindness i 
cats 
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FIG 


23-2 

Anatomy of the extrohepatic biliary system. 
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Chapter 23 


Cholecystectomy 

Diseases such as 
treated by cholecystectomy (see p, 482), Cholecystectomy 
may also be indicated for primary neoplasia or traumatic 
rupture of the gallbladder. 

Expose the gallbladder and use Mefzenbaum scissors to in¬ 
cise the visceral peritoneum along the junction of the gall¬ 
bladder and the liver (Fig. 23-4, A). Apply gentle traction to 

the gallbladder and use 
liver Free the cystic duct to its junction with the common bile 
duct. Be sure to identify the common bile duct and avoid 
damaging it during the procedure , If necessary, identify the 
common bile duct by placing a 3.5 or 5 Fr soft catheter into 
the duct via the duodenal papilla. Make a small enterotomy 
in the proximal duodenum f locate the duodenal papilla , and 
place a small red rubber tube into the common bile duct (Fig. 
23-4, B/. Flush the duct to ensure its patency Clamp and 
double ligate the cystic duct and cystic artery (Fig. 23-4, CJ 
with nonabsorbable suture (2-0 to 4-0). Sever the duct distal 
to the ligatures and remove the gallbladder. Submit a por¬ 
tion of the wall, plus bile, for culture if infection is suspected. 
Submit the remainder of the gallbladder for histologic onaly- 
sts if indicated (for cholecystitis or 

denal incision in 
sorbable suture (i.e., 2-0 to 4-0), 


SURGICAL TECHNIQUES 


cholecystitis and cholelithiasis are best 


Exploratory laparotomy should be performed when leakage 
of bile into the abdomen is suspected; when the obstruction 
of bile flow is not clearly caused by pancreatitis; and when 

(biliary tract, intestinal, or pancreatic), biliary cal- 


neoplasia 

culi, nr parasitic disease is suspected. During exploration, the 
patency of the common bile duct must be ensured by manu¬ 
ally expressing the gallbladder or by catheterization of the 
duct, cither retrograde (i.e., from the duodenum; see below) 
or in some cases normograde (i.e., from the gallbladder). 

The treatment of animals with biliary obstruction that 
secondary to benign pancreatic disease initially con- 


blunt dissection to free if from the 


occurs 

sistsof medical management of the pancreatitis. It clinical or 
laboratory improvement is not seen within 7 to 10 days of 
initiating therapy or if clinical deterioration occurs despite 
medical therapy, cholecystoduodenostomy or cholecystoje- 
junostomy may be considered. In extremely ill patients w r ith 
biliary obstruction that cannot undergo surgical explo* 
ration, temporary decompression of the gallbladder may be 
warranted using ultrasound*guided aspiration or a Foley or 

self-retaining accordion catheter 


Cholecystotomy 

Oldecystotomy is rare 1 y performed bu t may be indicated to 

choleliths (see p. 482) or when the gallblad¬ 
ders contents are inspissated and cannot be aspirated into a 

syringe. 

Foci: fbeoreo surrounding the gallbladder with sterile, mois¬ 
tened laparotomy sponges. Place stay sutures in the gall¬ 
bladder to fad/date manipulation and reduce spillage. Make 

on incision in the fundus of the gallbladder (Fig. 23-3). Re- 

the gallbladder contents and submit for culture , lavage 
the gal/b/ac/c/er wr'fb warmed, sterile saline. Cathetersze the 
common Me duct via the cystic duct with a 3.5 or 5 French 
(Frj soft catheter and flush it to ensure patency Close the in¬ 
cision with a one- or two-layer inverting suture pattern using 

absorbed/e suture (3-0 to 5-0). 


neoplasia J. Close the duo- 
a simple interrupted pattern with ab- 


remove some 


NOTE * Be sure that the common bile duct is patent 

before performing 
must have a pathway for biliary drainage into the in¬ 
testinal tract. 


cholecystectomy. The animal 


move 


Choledochotomy 

Direct incision of the bile duct should be performed only in 
animals in which the duct is markedly dilated, such as with 
chronic obstruction, and when the obstruction can be re¬ 
moved (i.e., choledocholithiasis, biliary sludge). An attempt 
should first be made to remove the obstruction by flushing 
the common bile duct using a catheter placed by means of 
an enterotomy or by cholecystotomy. Extraluminal obstruc¬ 
tion or stricture of the duct is best treated with biliary diver¬ 
sion techniques (see below). 








* qj 


► v* 


Pack the area surrounding the common Me duct with sterile f 
moistened laparotomy sponges. Place traction sutures in the 
distended duct: Make a small incision in the duct and remove 
the obstruction (Fig. 23-5). Flush the duct with copious 
amounts of warmed, sterile saline and pass a 3. 5 to 5 Fr soft 
catheter into the gallbladder and duodenum to ensure pa¬ 
tency. Close the incision in a simple continuous or 
terrupted pattern with absorbable suture (4-0 or 5-0). If leak- 

catheter into the duct through an 


simple in- 


iy 


age is a concern, pass a 
incision in the proximal duodenum (see above). Small leaks 

may be trea ted by s ten ting th e i n ci s ion with a 3.5 to 5 Fr soft 

catheter (see discussion on repairing common bi/e duct 


1 xx 


FIG 23-3 

Before cholecystotomy, place stay sutures in the gallbladder 
to facilitate manipulation and reduce spillage. Then make an 
incision in the fundus of the gallbladder. 


injuries!. 
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FIG 23-4 


Cholecystectomy, A, Expose the gallbladder and then use Metzenbaum scissors to incise 
the visceral peritoneum along the junction of the gallbladder and the liver. B, Identify 
the common bile duct; take care not to damage it during the procedure. If necessary 
connulate the duct via the duodenal papilla. C, Clamp and double ligate the cystic duct 

and cystic artery 




Bile Flow Diversion 


NOTE • If possible 




avoid biliary diversion in dog 
with pancreatitis. Most affected animals improve 
with medical management, making the technique ur- 




Bile flow diversion is indicated if the common bile duct i 
obstructed or ii the duct has been severely traumatized and 
the gallbladder is not directly involved in the disease process. 

Choi ecystojej unostomy or cholecystoduodenostomy is pre¬ 
ferred over choledochoduodenostomy in dogs and cats be 
cause the small size of the 


s 


/ 


is 








necessary. 




common bile duct in these species 
often makes the latter procedure difficult to perform 

ccssfully. It cholecystojejunostomy is performed, the proxi- 
nud jejunum should be used to reduce the incidence of post¬ 
operative maldigestion of lipids. Also, duodenal ulceration 
may occur more often as a 


Mobilize the gallbladder from the liver os described for 

cholecystectomy. Place stay sutures approximately 3 cm 

apart in the gallbladder. Bring the gallbladder into apposti 

rion with the anti mesenteric surface of the descending duo¬ 
denum so that little 

der or intestine. Pack the 


sue- 


« 


tension is exerted on the gallblod 

area surrounding the gallbladder 
and duodenum with sterile t moistened laparotomy sponges. 

Place a continuous suture of absorbob/e sutere material 
(is*, 2-0 to 4-0) between the 

the serosa of the duode 


or no 


sequela of cholecystojejunostomy 
than of choleeystoduodenostomy. In dogs, it has been 

ommended that the stoma between the bowel and the gall¬ 
bladder be at least 2,5 cm long to 

obstruction of bile flow or retention of bowel contents in the 

gallbladder* Making the stoma too small is more apt to result 

in ascending or chronic cholecystitis than making the stoma 
too large* 


minimize the potential for 


of the gallbladder and 


serosa 

num , near the mesentery (referred to 

original suture line; Fig. 23-6 > A). Mdte the suture 
line 3 to 4 cm long. Leave the ends of the suture long and 
use them to manipulate the intestine and gallbladder Drain 


the 


as 
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FIG 23-5 

Choledochotomy. 
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greater than 4 to 5 mm, primary suturing and anastomosis are 
possible. Similarly, proximal lacerations or perforations may 
be treated with primary suturing* The mucosa of the bile duct 
should be accurately re apposed. Small sutures should be used 
and tension on the suture line avoided* The use of stenting 
catheters in the common bile duct is controversial, bur tem- 


fhe ga//t/odder and mote a 2.5- to 3-cm incision in it, par¬ 
allel to the preplaced suture line (Fig. 23-6, BJ. Have 

sistant occlude the duodenum proximal and distal to the 

proposed /nets Jon s/fe* Alate a 

the ontimesenteric surface of the duodenum (Fig. 23-6, C) 
Place o continuous suture line of absorbable suture material 
(2*0 to 4-0} from the mucosa of the gallbladder to the mu¬ 
cosa of the duodenum , beginning 
the original suture line (Fig. 23-6, D}. Then 
tore material to suture the mucosal edges of the stoma far¬ 
thest from the anginal suture line (Fig. 23-6, EJ. Complete 

rfje stoma by suturing the serosal edges of the gallbladder 
and intestine over the near side of the stoma (i.e>, the side 
farthest from the original suture line; Fig. 23-6, FJ 

Repair of Common Bile Duct Injuries 

The surgical technique used to repair lacerations of the com¬ 
mon bile duct depends on the location and severity of the le¬ 
sion, Severely damaged ducts are difficult to repair primarily 
particularly with bile leakage or adhesion formation. Inci¬ 
sional dehiscence, leakage, and stricture formation are com 

distal to the entrance of the hepatic ducts 
the common bile duct should be ligated proximal and distal to 
lhe injury and biliary diversion performed (he., cholecysto- 
duodenostomy or cholecystojej unostomy; see above). If the 
duct has been cleanly severed and the luminal diameter is 


an as- 


similar parallel incision in 


* 


pontry bile diversion may allow healing of bile duct injuries 
that otherwise would dehisce, leak, or form a stricture. The 
tube acts to decompress the biliary tree and minimizes bile 
leakage from the site during healing. Disadvantages of tubes 

greater risk of stricture for- 


ith the edges closest to 

use the same su- 




placed in the bile duel include a 
in at i on be ca use of the pre se nee of a fore ign b ody at t he in j u r y 

site, obstruction of the 

bile duct is stented, a soft tube that is smaller than the diame 


tube, and ascending infection. I( the 


£ 


ter of the duct should be used to minimize irritation to the 

of rubber tubes or catheters that enter the 
duodenum and T-tubes that exit the duct and are exteriorized 


through the abdominal wall has been described in the veteri- 

literature. The use of a straight catheter (Le., Sovereign 


£ 


nary 

feeding tube, Dover red rubber Robinson catheter) has been 
described here 




i 




mon. If the injury is 


j 


Identify the common bile duct. 




catheter into die duet 
see above discussion of cholecystectomy)* 


This may be facilitated by passing a 
from the duodenum ( 
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FIG 23-6 


For cholecystoduodenostomy (or cholecystofej unostomy), bring the gallbladder info 
apposition with the anti mesenteric surface of the descending duodenum. A, Place a 3- to 
4-cm continuous suture line between the serosa of the aallbladder and 
duodenum {original suture line). B, Drain the ga 

in if, parallel to the preplaced suture line, C, Have an assistant occlude the duodenum 
proximal and distal to the proposed incision site and make a parallel incision in the 
antimesenteric surface of the duodenum. D, Place a continuous suture line from the 


lu 


m 


the serosa of the 
er and make a 2.5- to 3-cm incision 


in 


sic 


ar 


mucosa 

of the gallbladder to the mucosa of the duodenum, beginning with the edges closest to the 
original suture line, E, Suture the mucosal edges of the stoma farthest from the original 
suture line. F, Complete the stoma by suturing the serosal edges of the gallbladder and 
intestine over the near side of the stoma. 
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gery. With biliary diversion surgery, the gallbladder should 
be emptied with a syringe and needle or a needle attached to 
suction before surgical manipulation to reduce spillage of 
bile during the procedure. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Fluid therapy should be continued until the animal is able to 
maintain hydration with oral fluids. Electrolytes and the 
acid-base status should be assessed and corrected during the 
postoperative period. Many patients with bile peritonitis (see 
pp. 483-486) are debilitated before surgery, and nutritional 
supplementation may be beneficial (see Chapter 11), Anti¬ 
biotic therapy should be continued for 7 to 10 days if chole¬ 
cystitis was present or if bile leakage occurred before or dur¬ 
ing s hi ger y. O p e n abdo minal dr a i nage m ay be c o ns i de red i n 
patients with generalized bile peritonitis. See p. 486 for anal¬ 
gesic recommendations in patients with bile peritonitis. 


\y 

■ ■ \ i 




ft I 


'l 


mi 


ft 


COM PLICATIONS 


Surgery of the extrahepatk biliary tree requires technical 
competence, manual dexterity, and sound surgical judgment 
to prevent serious complications. Potential complications af¬ 
ter cholecystectomy (particularly if perforation was present) 
include generalized peritonitis, shock, sepsis, hypoglycemia, 
hypoprotei n emi a, and hypokalemia. Stricture, bile leakage, 
and dehiscence may occur after surgery of the common bile 
duct. Ascending cholangiohepatitis may occur in some ani¬ 
mals after biliary diversion, particularly if the stoma of the 
enteric-biliary anastomosis is too small and intestinal contents 
remain in the gallbladder lumen for prolonged periods. Inter¬ 
mittent antibiotic therapy may be necessary in such animals. 


FIG 23-7 

Lacerations in the common bile duct may be sutured over a 
stent placed by means of a duodenotomy. 


fie careful not to interfere with the blood supply to the duct 
during manipulation. Carefully debacle the transected ends 
of the duct f but be sure to leave adequate duct length to 
avoid tension on the suture line when the ends are reap¬ 
posed. Reoppose th e ends o f the duct in a s imp le in terrup ted 
pattern using absorbable suture (4-0 to 6-0j. Place a 3.5 to 

5 Fr soft catheter in the duct from the duodenum to stent the 
suture line (Fig. 23-7}, Suture the distal end of the catheter to 
tfie duodenal lumen with small chromic gut suture (3-0 or 
4-0). As the suture dissolves f peristalsis will cause the catheter 

to enter the intestinal lumen , where it will pass in the feces. 


SPECIAL AGE CONSIDERATIONS 


t rauma should be suspected in young animals with bile peri¬ 
tonitis. Obstruction that occurs secondary to pancreatitis or 
neoplasia is more common in middle-aged or older animals. 


HEALING OF THE BILIARY TRACT 
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Foss u m T W, Wit la rd M D: Diseases of the gallbladder and the ex¬ 
trahepatk biliary system. In Et tin ger Sf, Feldman EC, editors: 
Textbook of' veteri na ry in tern al ? n edicit ur ed 4, P h i 1 ad e Iph i a, 1995, 
WB Saunders. 

Herzog U et ai: Surgical treatment tor cholelithiasis, Surg Gynecol 
Obstet 175:238, 1992. 

Hunt GB, Mahoney P, Bellenger CR: Successful management of an 
iatrogenic biliary pseudocyst in a dog, / Am Anim Hasp Assoc 
33:166, 1997. 

Johnson SE: Liver and biliary tract. In Anderson NV, editor: Veteri¬ 
nary gastroenterology, ed 2, Philadelphia, 1992, Lea tk Febiger. 

Kirpensteijn I et ai: Cholelithiasis in dogs: 29 cases (1980-1990), 
/ Am Vet Med Assoc 202:1137, 1993. 

Lawrence D et al: Temporary bile diversion in eats with experimen¬ 
tal extrahepatk bile duct obstruction, Vet Surg 21:446, 1992. 

Liptak JM et al: Aplasia of the gallbladder in a dog, / Small Anim 
Pract 41:175, 2000. 


Studies have shown that if just a small strip of the common 
bile duct wall remains intact, the duct regenerates. However, 
longitudinal tension on the suture line of a repaired biliary 
duct causes severe stenosis. In addition to promoting stric¬ 
ture of the duct, there is some suggestion that intraluminal 
tubes may interfere with normal biliary drainage, thus pro¬ 
moting cholangitis. Because of uncertainties regarding heal¬ 
ing of the duct in the presence of infection, leakage, or ten¬ 
sion, drainage procedures such as cholecystojejunostomies 

are commonly performed rather than direct repair of the 
common bile duct (see above). 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Absorbable suture material should be used in the biliary 
tree, because nonabsorbable suture may act as a nidus lor 
stone formation. Biliary duct surgery is aided by the use of 
small instruments such as those used for ophthalmic sur- 
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Ncer TM; A review of disorders of the gallbladder and extrahepatic 
biliary tract in the dog and cat, / Vet Intern Med 6:186, 1992. 
Schulze C et a3; Extrahepatic biliary atresia in a border collie, 
JSmaU Anim Tract 41:27,2000. 


may also occur. In rare cases choleliths have been associated I 
with perforation of the gallbladder or common bile duct (see 

pp. 483-484). I 

Radiography and Ultrasonography I 

Gallstones are seldom radiodense ( Fig. 23-8), but they are 
readily identitied by ultrasound. A mass or acoustic shadow- 
ing originating from the gallbladder may be noted (Fig. 
23-9); the latter may indicate a stone that is too small to sec I 
with ultrasound. If obstruction is present, dilation of the 
common bile duct or hepatic ducts may also be detected I 
Contrast radiographs of the biliary tree are rarely useful in j 
icteric patients. Endoscopic retrograde pancreatography is 
difficult and rarely performed in dogs. Direct injection of 
contrast into dilated bile ducts via transabdominal place- 
merit of a "slim” needle has been accomplished in people but I 
is seldom done in dogs. 

Laboratory Findings I 

Abnormalities are uncommon; however, symptomatic m - I 
mats may show abnormalities compatible with extrahepatic I 






SPECIFIC DISEASES 




CHOLELITHIASIS 


DEFINITIONS 


Calculi found in the gallbladder are choleliths; those found 
in the common bile duct are choledocholiths. 


SYNONYM 


G a 11 sto n e s 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Choleliths are often fortuitous findings at necropsy or dur¬ 
ing imaging with radiographs or ultrasound. They fre¬ 
quently are clinically silent; however, they may be associated 
with cholecystitis, vomiting, anorexia, icterus, fever, or ab¬ 
dominal pain. Whereas human beings usually develop di¬ 
etary-induced cholesterol gallstones; cholesterol, bilirubin, 
and mixed stones have been reported in dogs ar.J cats. The 
rarity of canine cholelithiasis may be due to (1) decreased 
concentrations of cholesterol in canine bile, (2) absorption 
of ionized calcium from the gallbladder, limiting the amount 
ol free ionized calcium in bile, and (3) failure to recognize 
choleliths. Calcium salts are the major components of pig- 
menl gallstones, therefore the availability of ionized calcium 
may be important in gallstone formation in dogs. Pigment 
gallstones can be experimentally produced in dogs after 6 
weeks of a methionine-deficient diet or with a high-choles- 
terol diet that is deficient in taurine. 


FIG 23-8 

Lateral abdominal radiograph in a dog with radiodense 
choleliths (arrows). (From Ettmger, Feldman EC: Textbook of 
veterinary internal medicine , ed 4, Philadelphia, 1995, 
WB Saunders.) 


NOTE • Most choleliths are asymptomatic; treat¬ 
ment is indicated only when the calculi are associ¬ 
ated with clinical signs. 




DIAGNOSIS 

Clinical Presentation 

Svgnalment* Aged female small-breed dogs appear to be 
at increased risk for the development of choleliths. 

History, Most animals with choleliths are asymptomatic; 
however, they may be presented for treatment of fever, vom¬ 
iting, icterus, or abdominal pain if cholecystitis or biliary ob¬ 
struction occurs. Clinical signs may be mild and intermittent 
in some animals. 


Physical Examination Findings 

Icterus may be noted if the calculus causes biliary obstruc¬ 
tion or ascending cholangitis. Abdominal pain and vomiting 


FIG 23-9 Abdominal ultrasound showing multiple choleliths 
and sludge in the gallbladder of an asymptomatic dag. 
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cholelithiasis when choledochotomy is performed rather 
than cholecystectomy. Kile should be cultured. 


biliary obstruction. Increased serum alkaline phosphatase 
(SAP), usually with hyperbilirubinemia, is typical in partial 
complete obstruction and when ascending cholangitis 
Cats tend to have lesser elevations of SAP than dogs. 


oe- 


or 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


curs. 

Hypercholesterolemia may be found secondary to biliary 

obstruction, especially in cats. Urinalysis is helpful early 
in the disease course because bilirubinuria usually occurs be- 


The gallbladder and common bile duct should be sutured 
with absorbable suture material to reduce the likelihood of 

a nidus for calculi formation. 


suture serving as 


fore hyperb il. i r ub i nem i a. 


POSTOPERATIVE CARE 

AND ASSESSMENT 


DIFFERENTIAL DIAGNOSIS 


Evidence of concurrent cholecystitis should be sought in 

symptomatic animals with 
cret ions may b e difficult to di ffer e nt i ate i n so m e an ima Is b e - 
fore surgery. U1 Lrasonographic-guided, percutaneous chole- 
eystocentesis may be beneficial in the diagnosis of acalculous 
cholecystitis. 


See p, 481 for the postoperative management of patients 
with obstructive biliary disorders. For cholangitis or choian- 

ursodeoxycholic acid (10 mg/kg given orally 


choleliths. Sludge 


gio hepatitis 

once a day) or vitamin E or both may be beneficial if ob 


struct ion is not present. 


PROGNOSIS 


MEDICAL MANAGEMENT 


The prognosis is excellent with proper surgical technique. 


Medical dissolution of gallstones in dogs and cats has not 
reported and is probably not feasible because of the expected 

content of most 

with biliary obstruction is discussed on p. 475. Concurrent 
cholecystitis should be treated with appropriate antibiotics. 




Sug gested reading _ 
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soc 213:1137, 1998. 

Possum TW, Willard MD: Diseases of the gallbladder and the ex- 
trahepatic biliary system. In Ettinger SL Feldman EC, editors: 
Textbook of veterinary internal medicine, ed 4, Philadelphia, 1995, 

WB Saunders, 

Johnson SE: Liver and biliary tract. In Anderson NV, editor: Veteri¬ 
nary gastroenterology ed 2, Philadelphia, 1992, Lea & Fcbiger. 
Kirpensieijn I et al: Cholelithiasis in 
At? i Ve t Med Msoc 202:1 137 , 1993, 

Rivers BJ et al: Acalculous cholecystitis in four 

sonographic findings and use of ultrasonograph sc-guided, per¬ 
cutaneous cholecystocentesis in diagnosis, / Am Anim Hasp Assoc 
33:207, 1997. 


gallstones. Medical management of animals 


SURGICAL TREATMENT 


Because choleliths may be associated with cholecystitis and 
cause vomiting, anorexia, icterus, fever, or abdominal pain, 
they should be removed if they are found in a patient with 

biliary tract disease. 


dogs: 29 cases (1980-1990), / 


Preoperative Management 

See p, 475 for the p re operative management of patients with 
biliary obstruction. 

Anesthesia 

See pp. 450 and 476 lor discussions of the anesthetic man¬ 
agement of patients with hepatic or obstructive biliary dis¬ 
ease, respectively. 

Surgical Anatomy 

The surgical anatomy of the biliary tract is described on p. 476. 

Positioning 

Choleliths generally are removed via a cranial midline ab¬ 
dominal incision. 


canine cases: ultra- 


BILE PERITONITIS 


DEFINITION 


Bile peritonitis is an inflammation of the peritoneum 
caused by the leakage of bile into the abdomen. 


SYNONYM 


Bilious ascites 


SURGICAL TECHNIQUE 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Cholecystectomy (see p. 477} is the surgical treatment of 
choice in 


dogs with clinical signs that occur secondary to 
cholelithiasis. If stones are also present in the common bile 
duct, the duct can be catheterized via the duodenum and the 


Acute abdomen (i.e,, shock or pain or both caused by severe 

abdominal disease) may be caused by leakage of bile into 

the abdominal cavity, particularly with concurrent septic 

peritonitis, l eakage of bile into the abdominal cavity may 

with traumatic rupture of any portion of the extra- 

to necrotizing 


stones flushed into the gallbladder (see p, 477). As an alierna- 

be incised 


enlarged, the duct can 


five, if the bile duct is 
(choledochotomy) and the stones removed directly; however, 
must be taken when suturing the common bile duct to 
avoid stricture formation (see p. 477), Clinical studies have 
found a greatly increased mortality in human patients with 


o ce ur 

hepatic biliary tree or may occur se 
cholecystitis or chronic obstruction (rare) 


care 
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Untreated bile peritonitis often is lethal, therefore early 
diagnosis is imperative. If rupture is associated with biliary 
tract infection, clinical signs of bile peritonitis usually de¬ 
velop quickly. However, in dogs with sterile bile peritonitis 
(i.e„ rupture caused by trauma), clinical signs other than as¬ 
cites and icterus mav not be noted for weeks. Bile in the ab- 
dominal cavity causes chemical peritonitis, which may not 
be associated with overt clinical signs initially; however, 
changes in the permeability of the intestinal mucosa may 
lead to secondary bacterial infection of the effusion. If diag¬ 
nosis of a ruptured biliary tract is delayed, repair of the bil¬ 
iary tract is complicated by necrotic tissues and adhesions. 
Diagnostic peritoneal lavage (see p. 272) may assist in the 
early diagnosis of bile peritonitis (before the onset of clinical 
signs) in animals that have suffered abdominal trauma. 


anorexia. Animals that develop localized peritonitis second¬ 
ary to inspissated bile tend not to be as sick as those with dif¬ 
fuse peritonitis. Pain sometimes can be localized to the ante¬ 
rior ab dome n. 5o m e an i m a 1 s a re d i ag n o sed befo re a diseased 
gallbladder ruptures, in which case signs are similar to those 
with localized peritonitis. 


NOTE * Perform diagnostic peritoneal lavage to 
help identify bile peritonitis in dogs that have suf¬ 
fered trauma, before the onset of clinical signs. 


Radiography and Ultrasonography 

Radiographs of animals with bile peritonitis can show a gen¬ 
eralized loss of abdominal detail if the peritonitis is diffuse 
or a soft tissue density in the cranial abdomen if the infec¬ 
tion is localized. Plain radiographs may reveal radiodense 
gallstones or air in the gallbladder wall or lumen. Ultra¬ 
sonography may also delineate the location of mass lesions 
and evaluate the gallbladder and biliary ducts. Exploratory 
laparotomy is indicated in any patient with bile peritonitis 
and negates the need for extensive diagnostic workups. 

Laboratory Findings 

In a recent study, determination of the bilirubin concentration 
of the abdominal fluid was the only diagnostic test that was 
100% effective in diagnosing bile leakage before surgical inter¬ 
vention (Ludwig et al., 1997), Bilious effusions have bilirubin 
concentrations greater (typically tw r o iimes) than those found 
in serum. Neutrophilia often is noted if the peritonitis is gen¬ 
eralized; however, with localized infections, the white blood 
cell count may be normal. A lower peripheral white blood cell 
count and lower numbers of immature neutrophils mav be as¬ 
sociated with improved survival (Ludwig et al., 1997). Serum 
biochemical abnormalities commonly found in dogs with bile 
peritonitis include hyperbilirubinemia, increased alkaline 
phosphatase, increased alanine aminotransferase, hypoalbu- 
minemia, and hyponatremia. Other findings are inconsistent 
and depend on the severity of the peritonitis. In one study, bac- 
teriologic culture and sensitivity testing revealed that a septic, 

biliary effusion usually was associated with multiple types of 

gram-negative bacteria {Ludwig et al., 1997), 


NOTE * Diagnose and repair ruptured gallblad¬ 
ders or common bile ducts os soon as possible. De¬ 
laying surgery means that the animal wi II be more 
debilitated, and fibrosis and adhesions in the areas 
will moke surgery more difficult. 


Rupture of the extrahepatic biliary ducts or gallbladder may 
be due to blunt abdominal trauma, necrotizing cholecystitis, or 
obstruction that occurs secondary to calculi, neoplasia, or par¬ 
asites. Trauma usually causes rupture of the common bile duct 
rather than the gallbladder. Ductal rupture probably occurs 
when a force is applied adjacent to the gallbladder sufficient to 
cause rapid emptying, combined with a shearing force on the 
duct. In human beings, biliary duct rupture has been reported 
in individuals who had previously undergone cholecystectomy, 
suggesting that shearing of the duct alone sometimes is suffi¬ 
cient. The most common site of ductal rupture appears to be 
the common bile duct just distal to the entrance of the last he¬ 
patic duct; however, rupture may occur in the distal common 


bile duel, cystic duct (rare), or hepatic ducts. Gallbladder rup¬ 


ture is principally caused by necrotizing cholecystitis or 
cholelithiasis. Many dogs with necrotizing cholecystitis have 
obstruction ol the common bile duct; however, rupture can he 
caused by necrosis and perforation of only the gallbladder wall. 


DIAGNOSIS 

Clinical Presentation 

Signalment. Traumatic rupture of the common bile 
duct or gallbladder may occur in animals of any age. Necro¬ 
tizing cholecystitis is more common in middle-aged or older 

animals. 

History. The animal may have sustained trauma several 
weeks before presentation. Clinical signs maybe slowly pro¬ 
gressive or acute if the bile becomes infected (see below). 

Physical Examination Findings 

The clinical signs of bile peritonitis depend on the presence 
of bacteria and on whether the peritonitis is diffuse or local¬ 
ized, Animals with infected bile peritonitis generally are in 
shock and have acute abdominal pain, fever, vomiting, and 


DIFFERENTIAL DIAGNOSIS 


A bilious effusion is obvious because the fluid looks like bile; 
it is usually easy to distinguish from an effusion arising from 
another cause and that has been stained by bilirubin. How¬ 
ever, if there is any doubt as to whether the fluid is bilious or 
bile stained, simultaneous bilirubin concentrations in the 
ser urn a n d e ffu si o n s h o u 1 d be co mp a red (see a bove). 


NOTE * To diagnose bile peritonitis, compare 
bilirubin concentrations in the fluid to those in serum, 
With bilious effusions, the bilirubin concentration 
generally is at least twice the bilirubin concentration 
of serum. 
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MEDICAL MANAGEMENT 


TABLE 23-4 


Animals with bile peritonitis may be anemic, hypoproteme- 
mic, or dehydrated or may have electrolyte imbalances. The ir¬ 
ritating effects of bile on the peritoneum cause inflammation 
and fluid transudation into the abdominal cavity, and the ani¬ 
mal may be presented for treatment in hypovolemic or septic 
shock (or both). Aggressive fluid therapy may he needed, and 
electrolyte imbalances should be corrected. Broad-spectrum 
antibiotics should be administered before, during, and after 
surgery. Whole-blood transfusions (see Table 22-1, p. 450) may 
be indicated (i.e.,hematocrit less than 20%). Administration of 
vitamin K, (see Table 23-1) or fresh whole blood should also be 
considered, because disruption of bile flow occasionally causes 
vitamin K malabsorption and coagulation disturbances. 


Selected Anesthetic Protocol for Dogs with Biliary Disease 


Induction 

Oxymorphone (0.1 mq/kg given intravenously [IV]) plus 
a tazepam (0.2 mg/kg IV). Give in incremental 
dosages. Intubate if possible. If necessary, give storm- 

date (0-5-1.5 mg/kg IV] or propofol (4-6 mg/kg IV] to 

ef fee t. 


Maintenance 

Isoflurane or sevoflurane 


Nate: Give anticholinergics as needed, 


SURGICAL TREATMENT 


Surgical treatment options for common bile duct rupture in¬ 
clude ductal repair or biliary diversion (see pp. 478 to 481). Re¬ 
pair is possible if the rupture is diagnosed early but becomes 
difficult once adhesions develop- Cholecystoduodcnostomy or 
cholecystojejunostomy usually is easier and safer. Rupture of a 
hepatic duct can be treated by ligation of the leaking duct. Gall¬ 
bladder rupture that occurs secondary to infective processes 
should be treated by cholecystectomy (see p, 477), 

Treatment of necrotizing cholecystitis includes early sur¬ 
gical exploration once the animals condition has been stabi¬ 
lized. Treatment consists of cholecystectomy, antibiotics, and 
appropriate therapy for peritonitis. Generally, attempts to 
salvage the gallbladder by closing the defect are inappropri¬ 
ate because the wall usually is necrotic. Be sure that the com¬ 
mon bile duct is not ligated when the gallbladder is removed. 
Delayed diagnosis probably contributes to the high mortal¬ 
ity associated with necrotizing cholecystitis. 


Positioning 

The gallbladder generally is exposed via a cranial midline ab¬ 
dominal incision (see p. 255). The caudal thorax and entire 
abdomen should be prepared for aseptic surgery. 


SURGICAL TECHNIQUE 


Cholecystectomy is discussed on p. 477. Laceration or tran¬ 
section of the bile ducts may be treated by primary repair 
(see p* 479) or biliary diversion (p. 478). A damaged hepatic 
duct may be ligated, because alternative routes lor biliary 
drainage from a single liver lobe will develop. The abdomi¬ 
nal fluid and site of rupture or perforation should be cul¬ 
tured during surgery. Once the site of leakage has been 
identified and corrected, the abdomen should be flushed 
with copious a mounts of warm, sterile fluids. Open ab¬ 
dominal drainage (GAD) (see p. 272) may be considered if 
generalized peritonitis is present. One study of 26 animals 
showed no benefit of OAD in animals with biliary peritoni¬ 
tis (Ludwig et ah, 1997). 


NOTE • Animals with necrotizing cholecystitis have 
infected bile; therefore clinical signs often begin soon 
after the gallbladder ruptures. Unless diagnosis and 
surgical intervention are prompt, mortality is high. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


A Poole suction tip is useful for removing abdominal fluid 
and can help identify the site of leakage, it also is used to re¬ 
move fluid instilled in the abdomen during lavage. 


Preoperative Management 

Surgery should be performed as soon as the animals condi¬ 
tion has been stabilized. Electrolyte and fluid abnormalities 
should be corrected before surgery. Sec also medical man¬ 
agement of patients with bile peritonitis, above* 

Anesthesia 

Hypovolemic, septic, or shocky dogs may be induced with oxy- 
morphone plus diazepam (Table 23-4), given to effect. If intu¬ 
bation is not possible, etomidate may be given, or mask induc¬ 
tion with isoflurane or sevoflurane is used if the patient is not 
vomiting* for patients in stable condition, see p* 476 for the 
anesthetic management of patients with hepatobiliary disease* 

Surgical Anatomy 

See p, 476 for the surgical anatomy of the extrahepatic bil¬ 
iary system. 

■ i 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Fluid therapy should be continued until the animal is able 
to maintain hydration on its own* Electrolytes and acid- 
base status should be monitored* Many patients with bile 
peritonitis arc extremely debilitated before surgery. Animals 
with bile peritonitis are in extreme pain. Postoperative anal¬ 
gesia may be provided with oxymorphone (Table 23-5)* 
Butorphanol is also effective, but the analgesia is of shorter 
duration than with oxymorphone. Nutritional supplemen¬ 
tation via a needle-catheter jejunostomy or parenterally is 
beneficial in these patients (see Chapter l)). Antibiotic ther¬ 
apy based on culture of bile should be continued for at least 
7 to 14 days a fte r s u rge ry. 
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blood cell count was significantly lower in survivors [ram, 
20,608/jiL) compared with non survivors (mean* 35,7 12 / jjl-L) , 
The immature neutrophil count was also significantly lower 
in survivors (mean, 686/p.L) than in nonsurvivors (mean., 
4,852 /jjlL). Only 27% (3 of 11) of the animals with aseptic 
biliary effusion survived. In contrast, 100% (6 of 6) of the an¬ 
imals in which no bacteria were isolated from the abdominal 
effusion survived. Open abdominal drainage was not a suc¬ 
cessful treatment for 7 of 9 animals w ith septic biliary effu¬ 
sions. The authors concluded that the successful treatment oi 
sterile biliary effusions does not require open abdominal 
drainage and is not affected by the duration of the effusion 

Nyland TG, Koblik PD, Teliyer SR Ultrasonographic eval¬ 
uation of biliary cystadenomas in cats* Vet Radiol Ultra¬ 
sound 40:300, 1999* The purpose of this study was to tk- 
scribe the ultrasonographic appearance of biliary 
cyst adenomas in cats and compare the findings to a similar 
rare form of liver tumor in human beings* Biliary cyst ade¬ 
nomas are uncommon, benign liver tumors of older cats that 
may occur as focal or multifocal cystic lesions in the liver. 
The records of 10 affected cats that had undergone abdomb 
nai ultrasonography were reviewed. In three cats, the tumors 
were not seen ultrasonograph ically because of their small 
size or because they were obscured by near-field reverbera¬ 
tion echoes* The remaining seven cats had solitary (four 
cats) or multifocal (three cats) masses corresponding to 
variable ultrasonographic patterns: multilocular masses 
containing thin-walled cysts, hyperechoic masses with cystic 
components, or masses of mixed echogenicity with cystic 
components. Although liver enlargement or a cranial ab¬ 
dominal mass was palpable in four cats, no consistent trend 
of clinical signs, complete blood count, or serum biochemi¬ 
cal abnormalities could be directly attributed to biliary cys- 
tadenoma. The authors recommend surgical resection of the 

tumor as treatment, because continued growth may com¬ 
press adjacent vital structures in the liver. 

Rivers BJ, Walter PA, Johnston GR, Merkel LK, Hardy RM; 
AeaJculous cholecystitis in four canine cases: ultrasono¬ 
graphic findings and use of ultra so nographic-guided, per¬ 
cutaneous cholecystocentesis in diagnosis. / Aw Anim 
Hosp Assoc 33:207, 1997* Canine cholecystitis is diagnosed 
infrequently* Clinical signs, physical examination findings, 
and dinicopathologic abnormalities are nonspecific few re¬ 
ports exist of associated ultrasonographic findings, which 
also are nonspecific for the disorder. Ultrasonographic- 
guided, percutaneous cholecystocentesis has been suggested 
for diagnostic confirmation. The present report further doc¬ 
uments ultrasonographic findings associated with canine 
acalculous cholecystitis and demonstrates the utility of ul- 
trasonographic-guided, percutaneous cholecystocentesis in 
confirmation of the diagnosis in a prospectively acquired 
clinical case series. I 


TABLE 23-5 


Po stop e r a t iv e A n a 1 ges i cs 


Oxymorphofie (Numorphan) 

0.05-0.1 mg/kg IV, IM every 4 hours (as needed) 

Butorphanol (Torbutrol, Torbugesk) 

0.2-0.4 mg/kg IV, IM, or SC every 2 to 4 hours [as 

needed) 


\V f Intravenous; IM, intramuscular; SC, subcutaneous. 


PROGNOSIS 


The prognosis for patients with diffuse, septic bile peritonitis 
is guarded. Without aggressive surgical management, most of 
these patients die. The prognosis is better if the condition is 
diagnosed and treated early and is better in animals with 
nonseptie biliary effusions, in a recent study of 24 dogs and 2 
cats with bile peritonitis, only 27% of animals with septic bil¬ 
iary peritonitis survived, whereas 100% of those with non- 
septic biliary peritonitis survived (Ludwig et al., 1997), 


Reference 


Ludwig LL et al: Surgical treatment of bile peritonitis in 24 dogs and 
2 cats: a retrospective study (1987-1994), Vet Surg 26:90, 1997. 

Suggested reading 


Possum TW> Willard MI): Diseases of the gallbladder and the ex- 
trahepatic biliary system. In Ettinger SJ, Feldman EC, editors: 
Textbook of veterinary internal medicine, ed 4, Philadelphia, 1995, 
WB Saunders, 

Lawrence D et al: Temporary bile diversion in cats with experimen¬ 
tal extrahepatic bile duct obstraction, Vet Su rg 2 1:446, 1992. 


Sele cted abstracts o f recent m an uscrip ts _ 

Ludwig LL, McLoughiin MA, Graves TK, Crisp SM* Surgical 
treatment of bile peritonitis in 24 dogs and 2 cats: a retro- 
spective study (1987-1994). Vet Surg 26:90, 1997* A retro¬ 
spective study of 24 dogs and two cats surgically treated for 
bile peritonitis was reported* The signalment, history, clinical 
signs, diagnosis, treatment, outcome, and factors affecting 
outcome were analyzed. Determination of the bilirubin con¬ 
centration of the abdominal effusion was the only diagnostic- 
test that was 100% effective in diagnosing bile leakage before 
surgical intervention, t he bilirubin concentration of the 
effusion was consistently at least twice that of the serum 
bilirubin concentration, Bacteriologic culture and sensitivity 
testing revealed that a septic biliary effusion was usually asso¬ 
ciated with multiple types of gram-negative bacteria* The 
overall survival rate was 50% (i 3 of 26). The peripheral white 












24 


CHAPTER 




Surgery of the 


Endocrine System 


Surgery of the Adrenal 
and Pituitary Glands 


during surgery that prevents circulatory collapse. However, 
animals with hypoadrenocorticism may be unable to respond 
to such stress and often require glucocorticoid supplementa¬ 
tion before and during surgery. When minor elective surgery 
is performed in animals with adrenocortical insufficiency, 
glucocorticoid therapy may be given intravenously before in¬ 
duction of anesthesia (Table 24-1). The same dose can be 

intravenously or intramuscularly after recovery from 




GENERAL PRINCIPLES 
AND TECHNIQUES 






m 


given 

anesthesia, and the animal is returned to its oral maintenance 
glucocorticoid therapy the day after surgery. For major sur¬ 
gery a similar protocol is used, except that glucocorticoid 
therapy is continued at approximately five times the mainte¬ 
nance dose for 2 to 3 days (Table 24-2). Normal maintenance 
doses are then reinstituted. Once the animal is eating, med- 


m* 


DEFINITIONS 


Adrenalectomy is the removal of one or both adrenal 
glands. Hypophysectomy is removal of the pituitary gland 
(hypophysis). Hyper adren ocorticism is a multi systemic dis¬ 
order caused by an excess of glucocorticoids. Cushing's dis¬ 
ease refers to hyperadrenocordeism caused by a pituitary 
adenoma. Addison's disease Is caused by a deficiency of glu¬ 
cocorticoids or mineralocorticoids or both. 


ications can be given orally rather than by injection. 

With h y peradrenocorticisni,, the iatrogenic form is the 
most common type. Spontaneous hyperadrenocorticism 
usually is caused by excessive pituitary secretion of adreno¬ 
corticotropic hormone (ACTH), resulting in bilateral 
adrenocortical hyperplasia (80% to 90% of non iatrogenic 
cases). Functional adrenocortical tumors are less common 
(10% to 20% of non iatrogenic cases). Patients with hyper¬ 
adrenocorticism are catabolic and have protein depletion 
and connective tissue abnormalities. Muscle wasting, weak- 

and thin, fragile skin are common. Electrolyte or acid- 


PRE OPERATIVE CONCERNS 


Adrenocortical insufficiency may be naturally occurring (pri¬ 
mary or secondary to other diseases) or iatrogenic, arising af¬ 
ter administration of glucocorticoids, progestins, or adreno- 
corticolytic drugs (e.g„ o,p'-DDD), I he history should 
include the dosages of corticosteroids or other drugs given, 
the type of corticosteroids, the duration of administration, 
and the time since the last dose. It is easier to inhibit secretion 
of glucocorticoids than mineralocorticoids (see the discus¬ 
sion of anatomy on p. 488). When glucocorticoid secretion is 
severely suppressed, the patient may experience collapse and 
weakness without evidence of electrolyte abnormalities. It se¬ 
cretion of" mineralocorticoids is suppressed, electrolyte ab¬ 
normalities (i.e., hyponatremia, hyperkalemia) and azotemia 
may occur. The diminished ability" to retain sodium results in 
volume depletion, diminished cardiac output, and reduced 
vascular tone, which may manifest as acute vascular collapse. 
Gastrointestinal disturbances and prolonged vomiting may 
also contribute to electrolyte abnormalities and volume de¬ 
pletion. Electrolyte concentrations should be corrected be¬ 
fore surgery. Some dogs with hypoadrenocorticism are hy¬ 
po album inenik. A protective steroid release normally occurs 


ness 

base abnormalities (or both), hyperglycemia, and hyperten¬ 
sion may be present. Intraabdominal fat deposition 
combined with muscular weakness sometimes causes venti¬ 


latory abnormalities. Concurrent abnormalities (e.g 
gestive heart failure, diabetes mellitus) increase the anes¬ 
thetic risk in these patients. Cardiovascular abnormalities 
may occur secondary to hypertension; a thorough preopera¬ 
tive cardiac examination is warranted. Electrolyte and acid- 
base abnormalities should be corrected before surgery. Ani¬ 
mals with hyperadrenocorticism are at increased risk for 
postoperative pulmonary thromboembolism. If hypercoag¬ 
ulopathies are suspected, preventative measures (e.g., iow- 
dose heparin therapy) may be indicated before surgery. Many 
animals with hyperadrenocorticism have urinary tract infec¬ 
tion even when the urinalysis shows no evidence of it. The 
urine routinely should be cultured in these patients. 


con- 
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patients in which postoperative hypoadrenocorticism is 
tidpated perioper a lively. Steroid replacement should be pro¬ 
vided in animals showing signs of adrenal insufficiency 
Maintenance of electrolyte and glucose levels is important. 
Glucocorticoid supplementation often is necessary in ani¬ 
mals with adrenocortical insufficiency undergoing surgery 
(see above). Glucocorticoid therapy should he instituted be¬ 
fore surgery in patients with hyperadrenocorticism that are 
undergoing adrenalectomy. Because of the close association 
of the adrenals and the caudal vena cava, retraction of the 
caudal vena cava often is necessary for adrenalectomy Vas¬ 
cular pressures should be closely monitored during surgery, 
and retraction should be done carefully to avoid obstructing 
veno us re turn. Sp ec ial a nest h et ic eo nsi de ra ! i on s a re req u e red 
for animals with pheochromocytomas to avoid complica¬ 
tions associated with excessive secretion of catecholamines 


an- 


TABLE 24-1 


Protocol for Glucocorticoid Administration in Animals 
with Adrenocortical Insufficiency Undergoing Minor 
Elective Procedures* 


1 hour before surgery give one of the following intra¬ 
venously: 

Prednisolone Sodium Succinate 

1-2 mg/kg, or 

D e x a meth a son e 

G. 1-0.2 mg/kg, or 

Soluble Hydrocortisone 

4.5 mg/kg 

2. Repeat dose at recovery intravenously or intramuscularly, 

3, Resume maintenance glucocorticoid therapy on first 
postoperative day if needed. 


1 . 


(see p. 496) 


ANTIBIOTICS 


Animals with hype rad renocorticism are at increased risk of 
developing postoperative infections as a result of high levels 
of circulating glucocorticoids and immunosuppression. Pe¬ 
rioperative prophylactic antibiotics are recommended for 
these patients. 


* Modified from Short CE: Principles and practice of veterinary anes¬ 
thesia, Los Angeles, 1987, Willi 


& Wilkins. 


I TABLE 24-2 


SURGICAL ANATOMY 


Protocol for Glucocorticoid Administration in Animals 
with Adrenocortical Insufficiency Undergoing Major 
Elective Procedures* 


The adrenal glands are near the cranio medial pole of the 
kidneys (Fig. 24-1). The left adrenal is slightly larger than the 
right. The left gland lies beneath the lateral process of the 
second lumbar vertebra; the right adrenal is more cranial, ly¬ 
ing beneath the lateral process of the last thoracic vertebra. 
Because of the proximity of the right adrenal to the caudal 
vena cava, surgical removal of neoplastic glands can be diffi¬ 
cult. The phremcoabdommal vessels cross the ventral surface 
of the adrenal. The adrenal glands are composed of two 
functionally and structurally different regions. The outer 
cortex produces mineralocorticoids (e.g., aldosterone), glu¬ 
cocorticoids, and small amounts of androgenic hormones. 
Mineralocorticoids regulate sodium and potassium concen¬ 
trations, Aldosterone causes transport of sodium and potas¬ 
sium through the renal tubular walls and also causes hydro¬ 


1, Administer preoperattve steroids as described in Table 

24-1. 

2, Repeat dose at recovery intravenously (IV) or intramus¬ 
cularly (IM). 

3, Days 1 and 2 postoperative!^ administer one of the 
following IV or IM: 

Prednisolone 

0.5 mg/kg bid, or 

Dexomethasone 

0.1 mg/kg sid, 

Prednisone 

0.5 mg/kg bid, or 

Cortisone Acetate 

2.5 mg/kg bid 

4, Resume maintenance glucocorticoid therapy on third 
postoperative day unless complications arise. 


or 


gen ton transport. 

The adrenal medulla is functionally related to the sympa¬ 
thetic nervous system and secretes epinephrine and norepi¬ 
nephrine in response to sympathetic stimulation. Epineph¬ 
rine and norepinephrine have almost the same effects as 
direct sympathetic stimulation (e.g., vascular constriction, 
resulting in increased arterial pressure; inhibition of the gas¬ 
trointestinal tract; pupillary dilatation; increased rates of cd- 
1 ular metabolism th roughout the body), excepi that therr cf- 
fects last significantly longer because they are removed from 


* Modified from Short CE: Principles and practice of veterinary anes‘ 
thesia , Los Angeles, 1 987, Williams & Wilkins, 

bid. Twice a day; sid, once a day. 


ANESTHETIC CONSIDERATIONS 


circulation slowly. 


A variety of anesthetic protocols maybe used in adrenocor¬ 
tical-insufficient or hyperadrenal animals. Etomidate causes 
transient adrenal suppression. It should be avoided in pa¬ 
tients with hypoadrenocorticism and used cautiously in 


SURGICAL TECHNIQUES 


Adrenalectomy usually is performed for adrenal tumors. Bi¬ 
lateral adrenalectomy for treatment of Cushings disease is 
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FIG 24-1 

Location of the adrenal glands. 


nodularity and biopsy If indicated. Palpate the caudal 

the adrenals for evidence of tumor invasion or 


controversial and not commonly performed. Two ap¬ 
proaches may be used. A ventral midline approach allows the 
entire abdomen to be explored for metastasis and bilateral 
adrenalectomy to be performed with a single surgical inci¬ 
sion if necessary. However, exposure and dissection of the 
adrenal maybe difficult with this approach, particularly in 
large dogs. A paracoslal incision provides better access to the 
adrenal gland but does not allow evaluation ol the liver or 

for metastasis. It may be considered in animals 


covo near 

thrombosis. If additional exposure is needed for adrenalec¬ 
tomy , extend the incision paracostally on the side of the ah 
fected gland by incising the fascia of the rectus abdominis 
muscle and the fibers of the external abdominal oblique, in¬ 
ternal abdominal oblique, and transversus abdominis mus¬ 
cles , respecfrWy. Use self-retaining retractors to improve vi¬ 
sualization of the abdominal cavity . Retract the liver, spleen 
and stomach cranfa% the kidney caudally •, and the vena 

medially to expose the entire gland* Identify the blood 
supply and ureter to the ipsilateral kidney and avoid these 
structures during dissection. Ligate the phrenicoabdominal 
vein, and divide it between sutures « Using a combi nation of 
harp and blunt dissection f carefully dissect the adrenal 

gland from surrounding tissues (Fig. 24-2}. Numerous 

ntered. Obtain hemostasis with electro 






other organs 

with unilateral lesions, without evidence of metastasis on ul 




■ 


trasound, computed tomography, or magnetic resonance 
imaging. Adrenalectomy is not advised with extensive tumor 
metastasis or if invasion of the caudal vena cava and sur¬ 
rounding organs makes complete removal of neo 

unlikely Concurrent diabetes mellitus might be a com 
'^indication to bilateral adrenalectomy because lack of 
endogenous catecholamines may make it difficult to regulate 
the diabetes * 


cava 


c tis- 


L- 
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l- 
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i- 


s els may be encou 

utery if the vessels are small or with hemoclips if they 
large. If possible, do not invade the adrenal capsule. 


is 


are 


ca 
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Adrenalectomy via a Mid line 

Abdominal Approach 

Prepare the entire ventral abdomen and caudal thorax for 
aseptic surgery. M aire a ventral midline abdominal incision 
fhof extends horn the xiphoid cartilage to near 
Identify fhe enlarged adrenal and carefully inspect the entire 
K abdomen, focW/ng /fie o/ber adrenal , for abnormalities or 
m evidence of metastasis. Palpate the liver for evidence of 


■ 1 - 


Removing the adrenal in one piece reduces the chances of 
leaving small pieces of neoplastic tissue in the abdominal 

cavity. 

If tumor thrombosis is presen/ in the caudal vena cava but 
ex ten s /ve metas fa s is is n ot appare n t, /em porari ly occ I ude fh e 

using Rumel tourniquets (see p. 679}. Make 
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PIG 24.2 

To resect the right adrenal gland, retract the r 

abdominal vein and divide it between sutures, 
surrounding tissues. 


cava medially. Ligate the phrenico^ 
Carefully dissect the adrenal gland from 


vena 


longitudinal incision in tb 
Close the vena 


ne vein and remove the thrombus, 
cava in a continuous pattern with 5-0 or 6-0 
vascular suture and close the abdomen routinely { 

ot suture material below), if a paracosiol incision was 

mode, begin the closure by approximating the abdominal 

wall at the junction of the combined ventral and paracosfal 

incisions . After closing the linea alba , suture each muscle 

layer of the paracostol incision with a continuous pattern 

of synthetic absorbable sutures , Close the skin and subcuta¬ 
neous tissue routinely 


/ 


/ 


f 
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FIG 24-3 

Adrenalectomy may be performed via a paraiumbar 
pproach. Place the animal in lateral recumbency with 
rolled towel or sandbag between the abdomen and the 
operating table. Make an incision just caudal to the 
thirteenth rib, extending it from the lateral vertebral 
processes to within 3 to 4 cm of the ventral midline. 


Adrenalectomy via 
Paraiumbar Approach 

Place the patient in lateral recumbency with a rolled towel 
sandbag between the abdomen and the operating table . 
Prepare the caudal hemithorax and lateral abdomen for 
aseptic surgery. Make an incision just caudal to the thir¬ 
teenth rib, extending it from the lateral vertebral 
to within 3 to 4 


a 


a 


a 






or 


HEALING OF THE ADRENAL 
AND PITUITARY GLANDS 


processes 

cm of the ventral mldhne (the incision will 

be approximately 10 to 14 cm long, depending on the 
imal s size [Pig, 24-3]). Incise the abdominal muscles indi¬ 
vidually and identify the adrenal gland cranial to the kid¬ 
ney. Retract the kidney ventrally and ligate 
structures that cross its surface , Dissect the gland free from 
surrounding tissues (Pig, 24-4). Suture each muscle layer of 
the paracostol incision in o continuous suture pattern of syn¬ 
thetic absorbable (ie w 2-0 or 3-0} material. Close the skin 
and subcutaneous tissues routinely 


Because adrenal or 
little information is 
glands after surgery. 


pituitary biopsies are rarely performed, 

available about the healing of these 


an- 


: 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


any vascula 


r 


: 


< 


Hypoadrenocorticism may cause delayed wound healing, 
therefore abdominal closure should be performed with 
strong, slowly absorbed, or nonabsorbable suture material 
(e,g., polydioxanone, p olygiyco n ate, polypropylene, or m- 
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FIG 24-4 

To expose the adrenal gland via a paralumbar approach, retract the kidney ventrally and 
ligate any vascular structures that cross its surface. 


Ion). Self-retaining retractors such as Balfour abdominal re- 

I tractors are recommended, to improve abdominal visualiza¬ 
tion. Malleable retractors covered with moistened sponges 
are used to retract viscera from the adrenal glands* Hemo¬ 
stasis i.s easier to achieve with electrocautery and hemodips 
I than with suture ligation of vessels. 


1 TABLE 24-3 


* 


Postoperative Drug Therapy after Adrenalectomy in Dogs 


Fludrocortisone Acetate (Florinef) 


0.02 mg/kg PO, sid to bid 


Prednisone or Prednisolone 

0.5 mg/kg bid for 7-14 days, then 0.2 mg/kg sid, or 

Cortisone 

2.5 mg/kg bid for 7-14 days, then 0,5 mg/kg bid 


POSTOPERATIVE CARE 
AND ASSESSMENT 


After adrenalectomy the patient’s hydration status and elec¬ 
trolyte balance should be monitored carefully and corrected as 
necessary. Bilateral adrenalectomy results in permanent adre¬ 
nal insufficiency, and these animals require lifelong glucocorti¬ 
coid [prednisone or prednisolone) and/or mineralocorficoid 
(deoxycorticosterone or fludrocortisone) replacement (Table 
24-3), These animals should be closely monitored for hypoad- 
renocortical collapse. They are most likely to have an addison- 
ian crisis after they have been released to the owner s care* 
Owners must be advised to watch for malaise, in appetence, or 
other clinical signs suggesting decompensation. Temporary ad¬ 
renal insufficiency occurs after unilateral removal of functional 
tsdroud tumors because the tumor has suppressed the opposite 
adrenal’s function, Glucocorticoids should be supplemented 


Heparin 


75 U/kg SC, lid 


Streptokinase 

Loading dose: 5000 lU/kg IV over 30 minutes; then 
2000 IU/kg/hour IV over 24 hours (constant-rate 

infusion) 


PO, Oral; sid, once a day; bid, twice a day; $C, subcutaneous; tid, 
three times a day; tV, intravenous. 


i 


I 
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postoperative!}' (see Table 24-3) but 
when the remaining adrenal begins to function normally, 
determined by the results of an ACTH stimulation test. 

Pulmonary thromboembolism is a potentially life-threat¬ 
ening complication ol adrenal surgery, particularly in dogs 
with adrenal neoplasia. Sudden, severe, postoperative respi¬ 
ratory distress may indicate pulmonary thromboembolism 
(see also Selected Abstracts of Recent Manuscripts in Chap¬ 
ter 31). Lung perfusion scans may help identify lung regions 
that are underperfused. Treatment with strict cage rest, oxy¬ 
gen, anticoagulants (e.g., heparin) and thrombolytic agents 
(e.g.* streptokinase) may be beneficial (see Table 24-3). Ani¬ 
mals treated for pulmonary thromboembolism should be 
assessed frequently for signs of hemorrhage, and the hemat¬ 
ocrit should be checked every 2 hours. If the packed cell vol- 

(PCV) drops or hemorrhage is noted, the streptokinase 


may be discontinued 


Langais-Burgess L, Lumsden )H: Concurrent hypoadrenocorticism 

and hypoalbuminemia in dogs: a retrospective study, /AmAnm 


; as 


Hasp Assoc 31:307, 1995. 


Norman El, Thompson H, Mooney GT: Dynamic adrenal function 
testing in eight dogs with hyperadrenocorticism associated with 
adrenocortical neoplasia, Vet Rec 144:551, 1999. 

Van Sluijs FL Sjollema BE: Adrenalectomy in 36 dogs and 2 cats 
with hyperadrenocorticism, Tijdschr Diergeneeskd M 7:29s, 1991 
Vonderen IK, Kooistra HS, Rijn berk A: Influence of veterinary 

care on the urinary corticoid/creatinine ratio in dogs ,] Vet Intern 
Med 12:431, 1998. 


SPECIFIC DISEASES 


ADRENAL NEOPLASIA 


ume 

infusion should be discontinued. 


DEFINITIONS 


COMPLICATIONS 


Adrenal carcinomas are autonomously functioning, malig¬ 
nant tumors of the adrenal cortex; adrenal adenomas 
benign adrenocortical tumors. Pheochromocytomas 
catecholamine-secreting tumors of the chromaffin tissue 

usually arise in adrenal medullary tissue. 


the main complications of adrenalectomy are hemorrhage, 
fluid and electrolyte imbalances, pancreatitis, wound infec¬ 
tions, delayed wound healing, and thromboembolism. Post¬ 
operative hemorrhage usually is 

occlusion of small vessels surrounding 
vascular tumor. Judicious use of electrocautery and henro- 
clips helps prevent this complication. Delayed wound heal¬ 
ing often is encountered in animals with hyperadpenocorti- 
cism because of the adverse effect of steroids on wound 
healing, therefore care should be taken with abdominal do- 


are 


are 


associated with incomplete 

an enlarged, highly 


SYNONYM 


Pheochromocytomas are also known as paragangliomas 




GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


sure in these animals (see above). Strong monofilament ab- 

or nonab¬ 


sorbable (Le., polyd loxanone, polyglyconaie) 
sorbable (i.e., polypropylene) suture should be used. 


1 he most common tumors of the canine adrenal glands are 
adrenal adenomas, carcinomas, and pheochromocytomas, 

Noniatrogenic hyperadrenocorticism (i 

ticism not caused by excessive administration of glucocorti¬ 
coids) may be caused by excessive pituitary secretion of 

ACTH (pituitary-dependent hyperadrenocorticism) 
mary adrenocortical tumors, which secrete excessive corti¬ 
sol, Pituitary-dependent hyperadrenocorticism 

common 


♦e., hyperadrenocor- 


SPECIAL AGE CONSIDERATIONS 


Animals with adrenal neoplasia usually are old and often 
have concurrent abnormalities, such 


as hypertension or car¬ 
diovascular abnormalities, therefore extreme care should be 


or pn- 


exercised during anesthesia. These animals also 
tensive postoperative monitoring. If the animal is debilitated, 
anorexic, or vomiting, placement of an enteral feeding tube 
during surgery (see p. 85) or parenteral nutrition is advised. 


require ex- 


than adrenal neoplasia, accounting for approxl- 
m a t e ly 8 0 % of cas es (see p, 487). Mo st ad re na 1 turno r$ art: 
not functional, and clinical signs are caused by local invasion 
of the tumor into surrounding tissue, distant metastases, 
both. Functional tumors secrete excessive amounts of corti¬ 
sol, which inhibits pituitary 

phy of the contralateral adrenal. Adrenocortical adenomas 

and carcinomas appear to occur with equal frequency. They 

usually are unilateral, although bilateral adrenocortical 
p Iasi a occurs i 


or 


Suggested reading 


ACTH .secretion, causing atro- 


Galac 5 et at: Urinary eorticoid/creatinine ratios in the differentia¬ 
tion between pituitary-dependent hyperadrenocorticism and 

hyperadrenocorticism due to adrenocortical tumour in the dog, 
Vet Q 19:17, 1997. 

Hurley KJ, Vaden SL: Evaluation of urine protein content in dogs 

with pituitary-dependent hyperadrenocorticism, / Am Vet Med 
Assoc 3:369, 1998. 


neo- 


- cases. The history, physical examina¬ 
tion, and laboratory findings do not differentiate between 
bilateral and unilateral adrenal neoplasia 

evaluation of the adrenals often identifies adrenomegaly and 
localizes the tumor to one 


I 


. Ultrasonographic 


i 


Kaplan AJ, Peterson ME: Effects of desoxycorticosterone pivalate 
administration on blood pressure in dogs with primary hypoad¬ 
renocorticism,/Am Vet Med Assoc 206:327, 1995. 

Kerl ME el at; Evaluation of 


side of the body (see below). 


Colonic perforation is a rare sequela of 
coid secretion. Corticosteroids 


excessive glueocorti- 

may inhibit collagen synthe- 
increase collagen breakdown. They also may 


a low-dose synthetic adrenocorti¬ 
cotropic hormone stimulation lest in clinically normal dogs and 

dogs with naturally developing hyperadrenocorticism, j Am Vet 
Med Assoc 214: ] 497, 1999. 


S3S i 

breakdown of the mucosal barrier and inhibit normal im- 


cause 


i 


mune responses. 
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Physical Examination Findings 

Clinical findings in animals with adrenocortical tumors de¬ 
pend on whether the tumors are functional. Clinical findings 
that support a diagnosis of hyperadrenocorticism are usually 

present in animals with functional tumors ( 
hereas ascites, abdominal pain, edema, diarrhea, and vom¬ 
iting are common with nonfunctional tumors, 

animals with pheochromocytomas 


NOTE • Most animals with hyperadrenocorticism 

have pituitary (rather than adrena tumors. 


above). 


tumors of the adrenal medulla 


Pheochromocytomas are 
that secrete excessive amounts of catecholamines (primarily 

and dopamine) and 

va so a c t i ve i nte st i n a 1 


w 


Clinical findings in 

may include tachycardia or cardiac arrhythmias, acute col¬ 
lapse, polypnea, panting, cough, lethargy, anorexia, dyspnea, 

weakness, abdominal distention, congestive heart failure, 

-polydipsia, and alopecia. 


but also epinephrine 


norepinephrine 

other vasoactive peptides (i.e 
polypeptide, somatostatin, enkephalin, corticotropin). Ex¬ 
cessive catecholamine and vasoactive peptide levels may 
manifest as cardiovascular, respiratory, or central nervous 
system disease. Although these tumors classically have been 
reported as benign, recent reports suggest that regional in¬ 
vasion and distant metastases (liver, regional lymph 

, and vertebrae) occur in 


*5 


ataxia, incoordination, polyuria 
Hypertension (paroxysmal or sustained) also is frequently 
present. However, pheochromocytomas are often incidental 
findings in dogs that have no clinical signs 
the tumor (Barthez et ah, 1997). 


associated with 






lungs, spleen, ovaries, diaphragm 
50% of affected dogs. Invasion of the caudal vena cava, 

, renal artery or %'ein, or 


Radiography and Ultrasonography 

Adrenal tumors are difficult to detect radiographically 

less they are associated with significant adrenal enlargement 

(20 mm or larger) or 

should be withheld for 24 hours before radiography to allow 
the gastrointestinal tract to empty. In some animals, miner¬ 
alization of tissue cranial to the kidney may be seen on plain 
radiographs and may or may not be associated w r ilh obvious 
adrenal enlargement (Fig, 24-5). This finding is suggestive of 
adrenocortical neoplasia (adenoma or carcinoma). The 
deuce of non neoplastic mineralization of adrenal glands is 
low; however, bilateral adrenal calcification may occur with 
pituitary-dependent hyperadrenocorticism. Hepatomegaly 
calcinosis cutis, or osteoporosis may be noted radiographi- 

animals with adrenocortical neoplasia but may 
also be seen with pituitary-dependent disease. Enhanced ab¬ 
dominal contrast as a result of increased fat distribution in 
the abdomen may be found. Pheochromocytomas may be 
detected radiographically if sufficiently enlarged; however, 
ultrasonography is more sensitive. 


phrenkoabdominal artery or vein 
hepatic vein may cause signs 

distention, Pheochromocytomas usually are unilateral 
though bilateral tumors occur. These masses are 
reddish tan, mult ilobulated, firm or triable and may he 
completely or partly encapsulated. Occasionally pheochro¬ 
mocytomas may he associated with neoplastic transforma¬ 
tion of multiple endocrine tissues of neuroectoderm origin 

pituitary adrenocortical, or thyroid adenomas or pan¬ 
creatic islet cell tumors). Extraadrenal pheochromocytomas 
have been reported in dogs and cats. Other tumors that 
arise from the adrenal medulla are neuroblastomas and 


un- 


of ascites, edema, or venous 


cli“ 


i 


calcification. For best results food 


usually 


r 




ie.g 


“ 1 


mci- 


ganglioneuromas; however, they are rare. 


DIAGNOSIS 

Clinical Presentation 


* 


t m some 


c 


Signalmen!. Adrenocortical tumors usually occur in 
older, large-breed dogs and appear to be diagnosed more 
commonly in females. A definitive breed predisposition has 
not been identified. Pheochromocytomas usually occur in 
older dogs but have been reported in dogs as young 
of age. Both genders appear to be equally affected, and box- 
may be predisposed to this tumor. Adrenal tumors are 

rarely diagnosed in cats. 

History, Functional adrenocortical tumors commonly 

cause hyp er a drenoco rticis m (i.e 

polyphagia, abdominal enlargement, endocrine alopecia, 
muscle wasting, weakness, lethargy panting, and/or hyper- 
pigmentation). Signs of nonfunctional adrenocortical tu¬ 
mors include anorexia, abdominal enlargement, abdominal 

diarrhea, vomiting, and lethargy. Vomiting has been as- 

dog with adrenocor- 


as I year 


. 




polyuria, polydipsia 
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sedated with intestinal perforation in 
tical adenoma. High circulating levels of glucocorticoids 
may make diagnosis of intestinal perforation difficult, be- 

signs of peritonitis (abdominal discomfort, restless- 
panting, weakness, and/or dyspnea) initially are ob¬ 
scured. Occasionally dogs are asymptomatic, and the adrenal 
mass is a fortuitous finding at surgery or necropsy In one 

nomas were an incidental finding in 35 
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FIG 24-5 

Lateral abdominal radiograph of a cat with a 
eoplastic adrenal glandf, (Courtesy L Homco, Ithaca, N.Y.) 
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mineralized 


study pheochromoey 

of hi dogs (57%) (Barthez et al., 1997). 
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ever, common laboratory abnormalities include increased 
serum alkaline phosphatase, neutrophilic leukocytosis, lym¬ 
phopenia, eosinopenia, mild polycythemia, increased ala¬ 
nine aminotransferase, and hypercholesterolemia. Urinary 
tract abnormalities may include hyposthenuria (urine spe¬ 
cific gravity below L007) or isosthenuria (1.008 to 1.012). 
Urinary tract infections are common in hyper adrenal dogs 
even when bacteria and inflammatory cells are absent on 
urinalysis. Dogs with hyperadrenocorticism are more likely 
to have calcium-containing uroliths than are 
clinical evidence of hyperadrenocorticism. 

Spontaneous hyperadrenocorticism is diagnosed based 
on the results of an ACTH stimulation test (Table 24-4), low- 


NOTE • If you note mineralization of an adrenal 
gland radiographically, consider the possibility of 

neoplasia. 


Ultrasonography is useful for assessing the adrenal 
glands size, echogenicity, and shape. The normal canine ad¬ 
renal gland in mature dogs is 2 to 3 cm long, I cm wide, and 

0.5 cm thick. Some authors have reported abdominal ultra¬ 
sonography to be an inconsistent diagnostic aid in dogs with 
adrenal neoplasia. However, others have reported that ultra¬ 
sonography correctly identified the involved gland in 76% of 
dogs with adrenal carcinomas and 62% of dogs with adrenal 
adenomas (Reusch, Feldman, 1991). A recent study sug¬ 
gested that both adrenals should be routinely imaged in dogs 
with hyperadrenocorticism, because one normal adrenal 
gland does not exclude the existence of a contralateral func¬ 
tional adrenocortical tumor (Hoeraufi Reusch, 1999). Also, 
bilateral adrenocortical tumors may be more common than 

t 

previously assumed. Pheochromocytomas have been re¬ 
ported to have mixed echo patterns and cannot be defini¬ 
tively differentiated horn adrenocortical tumors. Although 
bilateral adrenal enlargement is suggestive of pituitary- 
dependent hyperadrenocorticism, the atrophy of the 
contralateral adrenal gland in dogs with functional adreno¬ 
cortical tumors may not be apparent tilt ras on ogr aph ically 
(Hoeraufi Reusch, 1999). Adrenal metastasis may be diag¬ 
nosed uit ras o n og rap h ically. 


dogs with no 


dose dexamethasone suppression (LDDS) test, or both. The 
ACTH stimulation and LDDS tests are the best initial diag¬ 
nostic tests for hyperadrenocorticism, but they should he 
performed after administration of exogenous steroids has 


been eliminated. Approximately 85% of dogs with pituitary- 


dependent hyperadrenocorticism and adrenocortical tu¬ 
mors have increased post-ACTH plasma cortisol concentra¬ 
tions. Pre-ACTH and post-ACT El cortisol concentrations 
tend to be elevated or in the high normal range in animals 
with adrenocortical neoplasia (Table 24-5), but p re-ACTH 
results can be lower. Exaggerated test results may also occur 
in dogs that are chronically stressed or ill. If the plasma cor¬ 
tisol concentrations are normal but the clinical signs are sug¬ 
gestive of hyperadrenocorticism, an LDDS test should be 
performed. Once a definitive diagnosis of hypoadrenocorti¬ 
cism has been made, differentiation of adrenal-dependent 
and pituitary-dependent causes can be made by the LDDS 
test, a high-dose dexamethasone suppression lest, ultra¬ 
sonography, or measurement of endogenous ACTH. Pitu- 


NOTE • It is not possible to differentiate definitively 
between benign and malignant adrenal lesions us¬ 
ing ultrasonographic criteria alone. 


TABLE 244 


X-rav computed tomography (CT) and magnetic reso¬ 
nance imaging (MR!) allow accurate localization of adrenal 
neoplasia, but they do not allow differentiation of adrenal 
adenomas, carcinomas, and pheochromocytomas. Adrenal 
carcinomas may appear as well-demarcated, homogeneous 
masses, or they may be poorly demarcated, with irregular 
texture and contrast enhancement. Masses that are poorly 
demarcated, irregularly shaped, and non homogeneous with 
mineralization usually are carcinomas. Determination of 
caudal vena cava invasion is not usually possible with CT, 
Caudal vena caval angiography should be performed before 
surgery if caudal vena caval thrombosis is suspected. Excre¬ 
tory urography may help identify tumor invasion requiring 
nephrectomy (i.e., ureteral obstruction 


ACTH Stimulation Test in Dogs 


1. Obtain 
hormone [ACTH] level, 

2. Administer 0.25 mg synthetic ACTH (Cortosynj intra¬ 
muscularly. 

3. Obtain serum for testing 1 hour after ACTH adminis¬ 
tration. 


to determine pretest adrenocorticotropic 


serum 


TABLE 24-5 


Patterns of ACTH Stimulation Tests 
(Post-ACTH Cortisol)* 


or renal invasion). 


Over 24 jxg/dl: Strongly suggestive of hyperadreno- 
cortidsm 

19-24 jjcg/dl: Suggestive of hyperadrenocorticism 

8-1 8 jxg/di: Normal 

Linder 8 pg/dl: Suggestive of iatrogenic Cushing's 

disease 


NOTE • CT and MR I do not differentiate adrenal 
adenomas, carcinomas, or pheochromocytomas. 


Laboratory Findings 

Laboratory abnormalities are inconsistent and nonspecific 
in animals with pheochromocytomas. There are no consis¬ 
tent changes in animals with hyperadrenocorticism^ how- 


* There may be substantial variation between laboratories, To con¬ 
vert |u.g/d! to nmol/L multiply ng/dl x 27.59, 
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riant adrenocortical tumors who are not surgical candidates 
because of metastasis. Ketoconazole may be used before sur¬ 
gery to reduce the risk of anesthesia and surgery 
with uncontrolled hype rad renacorticism and as a diagnostic 

in which equivocal test results make the diag- 


itarv and adrenal tumors can coexist in dogs with hypera- 
drenocorticism. Readers are referred to a medical text for 
further information. 


in animals 


DIFFERENTIAL DIAGNOSIS 


trial in dogs 

nosis of hypoadrenocorticism difficult. Ii used for diagnos¬ 
tic purposes, the drug should be given for a minimum of 4 
to 8 weeks, it must be given for the duration of the animaTs 
life if it is used to control clinical signs. Adverse reactions 

anorexia, depression, vomiting, diarrhea, icterus) may 
necessitate stopping the drug or reducing the dosage. If 
an overdose is suspected of causing acute illness or collapse, 
administer glucocorticoids and stop the ketoconazole. Re- 

checks (including the ACTH stimulation test) are recom¬ 
mended every 3 to 6 months. 


Pheochromocytomas and adrenocortical 
differentiated because the operative management of these 

Generally, clinical signs and laboratory 

analysis allow preoperative differentiation (see above). At 
surgery, pheochromocytomas may be identified grossly by 
application of Zenker's solution (potassium dichromate or 
iodate), which results in oxidation of catecholamines, form¬ 
ing a dark brown pigment within 10 to 20 minutes after ap¬ 
plication to the surface of a freshly sectioned tumor. Al¬ 
though adrenal carcinomas are apt to be large and invasive, 
differentiation of adenomas and carcinomas is impossible 
without histopathologic evaluation. Apparent metastatic le¬ 
sions in the liver or draining lymph nodes may suggest ma- 

should be taken to differentiate benign 


cases is different. C 


SURGICAL TREATMENT 


The animal's overall health, the presence of unresectable 

metastases, and apparent 
idence of caudal vena cava thrombosis on Cl or ultra¬ 


invasiveness of the tumor (i.e., ev- 


lignancy, but care 
hepatic nodules from neoplastic disease. 




sound) should be considered when determining the appro¬ 
priateness of surgery for adrenal tumors. Prolonged 
survival has been reported in dogs with invasive, malignant 
tumors that required caudal vena cava venotomy; however, 

elect euthanasia if complete resection is not 
guaranteed. Long-term survival (i.e., longer 


NOTE * Be sure to submit the adrenal gland for his¬ 
tologic examination. Definitive diagnosis of adrenal 
tumors requires histopathologic evaluation. 


some owners 
possible or 

than 1 year) may be possible, even in dogs with widespread 
metastatic lesions. If the tumor appears invasive, a midline 
abdominal approach is preferred to allow evaluation of the 
caudal vena cava and other abdominal structures. Throm¬ 
bus removal may require that the midline incision be ex¬ 
tended into the caudal thorax through a caudal median 
sternotomy approach (see p. 764). Small tumors or those 
that do not appear invasive 
alumbar approach (see p. 490). 


MEDICAL MANAGEMENT 


phento- 


., phenoxybenzamine, 
in patients with pheoehromocy- 


Adrenergic biockage (he 
iamine, prazosin) is 

comas to control blood pressure. These drugs are also used 
intraoperatively (see discussion of anesthetic management 
on p. 496). If tachycardia or cardiac arrhythmias are present, 
|i-adrenergic blockage may also be used; however, unop¬ 
posed ^-blockage may result in severe hypertension, 

Mitotane (o*p'-DDD) can be used to control clinical 
in animals with adrenocortical tumors; however, tu¬ 


rn ay be removed from a par- 


s igns 


more resistant to the adrenocorticolytic effects of 
mitotane than are normal or hyperplastic adrenal cortices. 

Larger doses (Table 24-6) are 
tain control in these dogs than in dogs with pituitary- 
dependent hyperadrenocortidsrn, and stronger side effects 
(i.e., gastric irritation, vomiting) can be expected, Ketocona¬ 
zole is an alternative to mitotane because it is less toxic, 

reversible inhibition of adrenal steroid production, 


mors are 


NOTE * MR! before surgery may help you deter¬ 
mine whether the tumor has invaded the caudal 

vena cava. 


required to obtain and main- 


causes 

and has little effect on mineralocorticoid production. Keto- 
conazok (Table 24-7) may be used in animals with malig- 


<» 


| TABLE 24-7 


Ketoconazole Treatment for Adrenal Tumors 


1. Administer 5 mg/kg with food bid for 7 days. 

2, Increase dosage to 1 0 mg/kg bid for 7-1 4 days. 

3. Perform ACTH stimulation test 2 to 4 hours after giving 

ketoconazole dose. 

4, If no adrenocortical response to ACTH is seen and if 

clinical improvement occurs without causing ill 

continue same dosage, 

response to ACTH occurs or no clinical improve- 

the dosage to 15 mg/kg bid. 


9 


j TABLE 24-6 


Mitotane (Lysodren) Treatment for Adrenal Tumors 


ness, 


1 Administer 50-75 mg/kg/doy for 14 days. 

* if needed, increase dosage by another 50 mg/lcg far 
another 14 days. 

* Repeal this increment every 14 days until the disease is 
controlled or the animal does not tolerate this drug. 


5. If 


ment is seen, increase 


day; ACTH adrenocorticotropic hormone 


bid, Twice 
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Preoperative Management 

Renal function should be determined before surgery in case 
ipsi lateral nephrectomy is necessary Electrolyte or acid-base 
abnormalities, hyperglycemia, and hypertension should be 
corrected before surgery if possible* Fluid therapy should be 
initiated before induction of anesthesia* Animals with hy¬ 
per adrenocorticism are at increased risk of developing pul¬ 
monary thromboembolism postoperative!y. If hypercoagu¬ 
lopathies are suspected, preventative low-dose heparin 
therapy may be indicated (Table 24-8). Perioperative antibi¬ 
otics should be administered and continued post operatively 

in hyperadrenal animals. Particular emphasis should be 
placed on preoperative examination of the cardiovascular 
system for evidence of arrhythmias or congestive heart fail¬ 
ure in animals with pheochromocytomas* 

Anesthesia 

Anesthetic complications are common during adrenalectomy 
for pheochromocytomas, and wide fluctuations 

and blood pressure are common. The cardiac rhythm, arterial 
blood pressure, and pulse oximetry should be closely moni¬ 
tored. Treatment for several days before surgery with an 
adrenergic blocker (i.e., phenoxybenzamine; Table 24-9) is rec¬ 
ommended* The dose of phenoxybenzamine is increased until 
blood pressure is within the normal range. The heart 
be controlled with a (3-blocker (i.e., propranolol, esmolol); 
however, it should not be initiated until adequate a-blockade 
has been established (i.e., normal blood pressure). Intraopera¬ 
tive p-blockage with esmolol (see Table 24-9) is preferred be¬ 
cause of its short hail-life. Cardiac arrhythmias may be treated 
with lidocaine (Table 24-10). Hypertension may result from 
tumor manipulation and can be minimized by isolating the tu¬ 
mor s blood supply before manipulating the tumor. Hyperten¬ 
sion maybe treated with phentolaminegiven as an intravenous 
bolus (see Table 24-9). Sodium nitroprusside may also be in¬ 
fused to maintain blood pressure. Hypotension frequently oc¬ 
curs after tumor removal, and high doses of crystalloids may be 
necessary to maintain perfusion. If hypotension persists, dobu- 


tamine should be administered (2 to 10 pg/kg/minute given 
intravenously). These tumors tend to be highly vascular, and 
significant intraoperative hemorrhage may require blood 
transfusions, particularly if caudal vena cava venotomy is per* 
formed to remove a thrombus. 

At ro pin e, xylazine, and keta m ine sh ould not be used in pa¬ 
tients suspected of having pheodiromocytomas. Atropine po¬ 
tentiates the chronotropic effects of epinephrine and lowers its 
arrbythmogenic threshold. Xylazine (an agonist) may cause 

transient hypertension followed by hypotension, may increase 
the sensitivity of the myocardium to catecholamines, and may 
potentiate cardiac arrhythmias. Ketamine increases the heart 
rate, blood pressure, and circulating levels of catecholamines, If 
etomidate is used in patients with arrhythmia, the need for pe¬ 
rioperative steroid replacement should be anticipated. When 
using etomidate, the advantages of cardiovascular stability 
should be weighed against the possibility of transient adrenal 
suppression that may occur in patients undergoing unilateral 
adrenalectomy. Isoflurane or sevbflurane are the inhalation 
agents of choice because they do not sensitize the myocardium 
to epinephrine- induced arrhythmias. 

Surgical Anatomy 

See p. 488 (or lhe discussion of the surgical anatomy of the 
adrenal gland. 


in heart rate 


CI¬ 


TABLE 24-9 


Drugs Used During Perioperative Management of Animals 
with Pheochromocytomas 


Phenoxybenzamine (DibenzyNneJ 


0,2-0.4 mg/kg PO, bid 


Esmolol (Brevibloo) 

0.05-0.1 mg/kg slow IV boluses every 5 minutes to tota 
cumulative dose of 0. 5 mg/kg or 50-200 gg/kg/ 
minute constant-rate infusion 


Phentolamine (Regitine) 


24-8 


0.02-0.1 mg/kg IV 


Sodium Nitroprusside (Nipride) 

0,5-5 |xg/kg/m\n ute IV 


Heparin ' herapy for Disseminated 
Intravascular Coagulation 


Heparin 

50400 U/kg given subcutaneously bid to tid 

Hep arm-Activated Plasma 


PO, Oral; bid, twice a day; IV, intravenous. 




Incubate 5-1 0 U heparin/kg of body weight with 1 U 
fresh plasma for 30 minutes. Give 1 0 ml/kg 

venously. 


I TABLE 24-10 


intro 


Lidocaine Administration 


Put the first heparin dose (75-100 U/kg) in the plasma 
and incubate For 30 minutes before administration. 
Once antifhrombm III (AT!II) levels are above 60%, con¬ 
tinue heparin subcutaneously. If additional plasma is 
needed, incubation with heparin is not necessary. 

Note: Adequate levels of ATIII are critical in these 


Give intravenously (IV) (2 mg/kg bolus, up to 8 mg/kg 
total dose) to determine responsiveness to this drug. If 
the arrhythmias decrease or stop, lidocaine should be 
given by a continuous (IV) infusion of 50-75 
p.g/kg/m inute (for 50 fig/kg/minute, place 500 mg 
lidocaine in 500 ml of fluids and administer at mainte¬ 
nance rate [66 ml/kg/day]) 


bid, Twice a day; tid, three time5 a day. 
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Positioning 

The animal is positioned either in dorsal recumbency or in 
lateral recumbency with the affected side up* depending on 
the operative approach chosen* With large or invasive tumors* 
a ge n e ro u s a rea sho uld be cl i pp ed and prepared for surgery to 
allow a caudal thoracotomy to be performed if necessary* 


alive at 3 to 48 months after surgery (mean, 16 months) 
(Van Sluijs and Sjollema, 1992). 


NOTE • Be sure to warn owners that animals with 

pheochromocytomas may die suddenly as a result of 
arrhythmias and hypertension. 


SURGICAL TECHNIQUE 


Adrenalectomy via either a midline abdominal or a para- 
lumbar approach is described on pp. 489 to 490. Concurrent 
nephrectomy may be necessary in some patients with invasive 
tumors. Surgical resection of adrenal tumors should be ag¬ 
gressive to ensure complete tumor removal. En bloc resection 
should be performed if possible to avoid leaving small frag¬ 
ments of neoplastic tissue. The vascular supply to pheochro¬ 
mocytomas should be isolated before tumor manipulation to 
reduce catecholamine release or to help prevent shedding of 
tumor cells. The entire abdomen should be explored, with 
special attention paid to the bladder, pelvic canal, kidneys, and 
aorta near the junction of the caudal mesenteric artery, where 
extraadrenal neoplasia is reported to occur. 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Delayed wound healing may occur in any debilitated animal 
(see p. 492). Self-retaining retractors (e.g., Balfour abdomi¬ 
nal retractors) and malleable retractors are useful for im¬ 
proving visualization of the adrenal glands. With vascular 
tumors, electro cautery and hem o clips obtain hemostasis 
more easily than does suture ligation of vessels. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Animals with hyperadrenocortkism often develop hypoad¬ 
renocorticism postop eratively as a result of atrophy of the con¬ 
tralateral gland. These animals require glucocorticoid therapy 
postop eratively (see discussion of postoperative care on p. 

491). I f hyperadrenocortidsm continues post operatively, ther¬ 
apy with mi tot a ne should be considered, fluid therapy should 
be continued until the animal is able to maintain hydration. 
The blood pressure and heart rate and rhythm should be care¬ 
fully monitored after surgery. Blood transfusions may be re¬ 
quired intraoperatively or postoperatively in some patients. 
Dogs should be reevaluated periodically for tumor recurrence. 


PROGNOSIS 


Prolonged survivals (I to 2 years.) have been reported in dogs 
with invasive, metastatic pheochromocytomas after aggres¬ 
sive surgical resection (Gilson, Withrow, Orton, 1994). Prog¬ 
nosis fur dogs with adrenocortical carcinomas depends on 
the tumor's size and invasiveness, but generally the prognosis 
is poor. In one study of 14 dogs with adrenocortical carci¬ 
nomas, only 3 were alive at 6 months (Scavelli, Peterson, 
Matthiesen, 1987). In a more recent study of 36 dogs with 
adrenocortical tumors (presumably both adenomas and 
carcinomas), 10 of 18 dogs that were discharged from the 
hospital died from unrelated causes between 6 and 49 
months (mean, 22 months) and the remaining 8 dogs were 


PITUITARY NEOPLASIA 


DEFINITIONS 


Pituitary tumors arise from the hypophysis in the sella tur¬ 
cica. Hypophysectomy is the surgical removal of the pitu¬ 
itary gland. 


SYNONYM 


The pituitary gland is also called the hypophysis. 













498 


PART III Soft Tissue Surgery 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Pituitary adenomas and carcinomas cannot be differentiated 
with CT; however, animals with mkroadenomas, which 

might benefit from hvpophysectomy, can be differentiated 
from animals with macroadenomas, for which surgical ther¬ 
apy is seldom indicated. Bilateral adrenal enlargement, diag¬ 
nosed by ultrasonography, usually is indicative of pituitary- 
depen den t hyperadrenocortieism. 

Laboratory Findings 

Laboratory abnormalities generally are consistent with hy- 
peradrenocorticism. Small, nonfunctional pituitary turnon 
seldom cause laboratory abnormalities. Large tumors may 
cause increased intracranial pressure, measured on a cere¬ 
brospinal fluid (CSF) tap. See p. 494 for differentiation of 
pituitary-dependent hyperadrenocortieism from adrenocor¬ 
tical neoplasm. 


Pituitary tumors are the most common cause of canine 
hyperadrenocortieism. They may be functional (60%) or 
nonfunctional (40%). Clinical signs are usually caused by 
hypersecretion of ACTH from tumors in the pars distalls 
(adenohypophysis) or pars intermedia. Large pituitary tu¬ 
mors often grow dorsallv into the brain because the di¬ 
aphragm of the sella is incomplete. In this way nonfunctional 
tumors may cause clinical signs by impinging on adjacent 
brain tissue (Le„ optic chiasm, hypothalamus, thalamus, in¬ 
fundibular recess, and third ventricle). The tumor's size and 
the development of neurologic signs do not always correlate. 
Adenomas and carcinomas may arise from pituitary tissue; 
however, carcinomas represent less than 3% of all pituitary 
neoplasms. Adenomas usually are classified as microadeno¬ 
mas : less than 1 cm in diameter) or macro adenomas {greater 
than 1 cm in diameter). Microadenomas are most common, 
accounting for nearly 70% of all pituitary tumors. 


DIFFERENTIAL DIAGNOSIS 


Animals with Cushing's syndrome must be differentiated 
from those with iatrogenic hyperadrenocortieism or adreno¬ 
cortical neoplasms (see p, 494). Once a diagnosis of pituitary 
dysfunction has been made, pituitary neoplasms must be 
differentiated from other lesions that may arise in the pitu¬ 
itary (Le., cysts, abscesses, craniopharyngiomas); however, 
such lesions are extremely rare. 


DIAGNOSIS 

Clinical Presentation 

Signal merit. Poodles, dachshunds, and boxers may be 
predisposed to pituitary-depen dent hyperadrenocortieism. 
Middle-aged and older dogs are most commonly affected; 
however, young dogs occasionally may develop pituitary 
tumors. 

History. Most dogs are presented for evaluation of typical 
signs of hyperadrenocortieism (Le„ polyuria, polydipsia, poly¬ 
phagia, abdominal enlargement, endocrine alopecia, muscle 
wasting, weakness, lethargy panting, and/or hyperpigmenta- 
tion). Concurrent neurologic signs may also be noted (seizures, 
visual deficits, ataxia, incoordination, facial hemiplegia, head 
tilt, somnolence, compulsive walking, depression). The diver¬ 
sity of neurologic signs in dogs with pituitary tumors probably 
is a result of impingement on various parts of the brain re¬ 
sponsible for differing functions. Mental depression and stu¬ 
por were reported as the most common abnormalities in two 
studies describing 19 dogs with large pituitary tumors. In ani¬ 
mals with nonfunctional macroadenomas or carcinomas, neu¬ 
rologic signs may be the only presenting abnormality. 


MEDICAL MANAGEMENT 


Clinical signs oi hyperadrenocortieism may be treated with 
mitotane or ketoconazole (see p. 495). External beam radia¬ 
tion therapy appears to be an effective treatment for large 
pituitary tumors when combined with concurrent adrenal- 
suppressive treatment (mitotane or ketoconazole). Long-term 
survival (mean, 740 days plus or minus 372 days) was re¬ 
ported in one study with radiation therapy (Dow et aL, 1990). 


SURGICAL TREATMENT 


Hvpophysectomy can be performed in animals with pitu¬ 
itary micro adenomas and functional ade nohyp ophyseai hy¬ 
perplasia (rare); however, ft is seldom performed by veteri¬ 
nary surgeons. Advocates of this procedure suggest that most 
dogs with pituitary-dependent hyperadrenocortieism tu¬ 
mors are surgical candidates for hypophysectomy and that 
this technique is preferable to long-term medical manage¬ 
ment. However, if concurrent neurologic signs are present or 
il the tumor has extended intracranially or transsphe- 
noidally, hypophysectomy is not indicated. Hypophysec¬ 
tomy should not be considered in animals intended for 
breeding purposes because it renders them infertile. There 
are no clinical or experimental data suggesting that hy¬ 
pophysectomy is safe and effective in cats. Surgical land¬ 
marks include the hamular processes of the pterygoid bone. 
The shape of the outer lamina of the sphenoid bone in com 


NOTE • Large, nonfunctional pituitary tumors may 
cause neurologic abnormalities. Functional tumors 
usually cause hyperadrenocortieism but may also 
cause neurologic signs. 


Physical Examination Findings 

Typical signs of hyperadrenocortieism (see above) are ex¬ 
pected in animals with functional pituitary tumors. Neuro¬ 
logic abnormalities (e.g., papillary edema, ataxia, incoordi¬ 
nation) occasionally occur. 

Radiography and Pituitary Imaging 

D ia gn os is of pitu itary n eo pi asia is bes t m ade wi th co m p u te d 
tomography (CT) or magnetic resonance imaging (MRI). 


NOTE * Hypophysectomy should be performed 
only by surgeons familiar with the regional anatomy 
and experienced in the technique. | 


— 
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bination with CT 


may provide support in deciding where 
the approach through the sphenoid bone should be made. 


among breeds of dogs and within the same breed, but it usu¬ 
ally is approximately 1 cm long. The pituitary is composed 
of the adenohypophysis and the neurohypophysis, and the 
adenohypophysis is further subdivided into the pars proxi- 
mails, pars intermedia, and pars distalis. The arterial supply 
ol the pituitary arises from the internal carotid arteries and 
caudal communicating arteries. 


Preoperative Management 

It surgery is considered for a pituitary neoplasm, extensive 
preoperative workup is indicated to confirm and localize the 
lesion. A CT scan of the pituitary fossa {including a contrast - 
enhanced view) is used to determine the height and width of 
the pituitary gland and to localize pertinent landmarks (Nlei j 
et al., 1997), Animals with hyperadrenocorticism are at in¬ 
creased risk of developing postoperative infectious because 

igh levels of circulating glucocorticoids. Periopera¬ 
tive prophylactic antibiotics are recommended. See p. 487 
for additional comments on the preoperative management 
of animals with hyperadrenocorticism. 


Positioning 


Positioning the animal in sternal recumbency, with the head 
tilted above the level of the heart, may provide a better 
anatomic view of the operating field. Such positioning also 
may result in lower intracranial venous pressures (Meij et al, 
1998) (Fig, 24-7), Advocates of this position suggest that it 


allows irrigation fluid, blood, and bone debris to gravitate to 


the lower part of the pharynx, where they are more easily 


Anesthesia 


suctioned out. It also allows the pituitary gland to gravitate 


Most animals with pituitary tumors do not require special 
inesthetic consideration; however, patients with large 
masses that increase intracranial pressure need special pre¬ 
cautions, Fluid therapy should be restricted to the volume 
required to maintain adequate circulation, Isofluranc and 
sevoflurane are the inhalants of choice because they interfere 
less with autoregulation of cerebral blood flow than does 
halothane. The faster recovery that sevoflurane offers pro¬ 
vides some advantage over isoflurane. Although most in¬ 
jectable anesthetics reduce cerebral metabolic oxygen re¬ 
quirements, cerebral blood flow, and intracranial pressure, 
ketamine does not; it should not be used in patients with in- 


downward, making removal easier (Meij et al., 1998), The 


upper jaw is fixed to a metal bar attached to the side of the 


, The head and neck are supported by a cushion, and the 


head is fixed with tape to the metal bar (see Fig, 24-7), The 


lower jaw is reflected downward with cotton ropes. The en¬ 


dotracheal tube is taped beneath the tongue to the low^er jaw 


and reflected laterally out of the surgical field. The table Is 


tilted at a 40-degree angle. Before surgery flush the oral cav¬ 


ity and wipe it w r ith a sterile surgical sponge impregnated 


with 0.05% dilute chlorhexidine solution. Place a gauze 


sponge in the oropharynx to prevent blood or irrigation so¬ 


lution from leaking into the larynx. 


traeranial masses 


and other conditions in which increased 


intracranial pressures may occur as a result of surgery. Pa- 
tients with increased intracranial pressure should be hyper¬ 
ventilated during surgery. 


Surgical Anatomy 

i he pituitary is a small appendage of the diencephalon (Fig. 
-4-6). It occupies a shallow, oval recess in the basisphenoid 
bone called the sella turcica. The gland varies 


Basisphenoid 


Neurohypophysis 
Aa e nohypophysis 


turcica 


For transsphenoidal hypophysectomy, position 
sternal recumbency with the head tilted above the level of 


m 24-d 

location of the pituitary gland. 


the heart. 
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FIG 24-8 

A, Palpate the pterygoid hamular processes fo identify the site oF incision into the soft palate. B, Use 
bone punches fo gain access to the pituitary fossa, 


air-powered burr arid 


SURGICAL TECHNIQUE 


use a small 90 -degree angled , ball-tipped hook to create an 
opening in the bone. Enlarge the opening with a small up- 
biting bone punch. incise the dura mater in a cruciate pot L 

No. / / blade , Detach the pituitary gland from 
the fossa circumferentially using 

ball-tipped hook and extract it through the dural opening 
ing fine neurosurgical grasping forceps, Ensure the com* 
p le ten ess o f the hypophysectomy and fill the fossa with a 
piece of absorbable gelatin sponge to prevent oozing of 
blood and cerebrospinal fluidl Fill the burr slot in the sphe¬ 
noid bone with bone wax and dose the mucoperiosteum. 
Close the soft palate incision in two separate layers with ab¬ 
sorbable suture material (i. a, 2-0 to 3-0). fl 


Transsphenoidal, intracranial, and peripharyngeal ap¬ 
proaches have been described for hypophysectomy. Only the 
transsphenoidal approach is described here. Bleeding can be 
excessive with this technique; have bone wax handy to fill the 
burr hole. 


tern with 


a 


smalf 90-degree ong t 


a 


i 


US’ 


Palpate the pterygoid hamula 


r processes (Fig. 24-8 , A). 

Make a midline incision with an electrosurgicol knife along 
m e ros tra I two th i rds of th e soft pa late over a dt s to nee of 3 
to 4 cm be tween the h am ula r pro ces s es . Retract the pa lati n e 
mucosa with stay sutures and Get pi retractors. Identify the 
s!iiiike orifices of the eustachian tubes at the base of the 




pterygoid bones at the level of the hamular processes. Incise 
the mucoperiosteum with an e/ecfrosurg/ca/ knife and use a 
peri oste a I elevator to reflect i t la tera lly. Identify the outer 
tical lamina of the sphenoid bone and the basisphenoid and 
presphenoid bones. Determine the position of the burr slot 
by cone I a ti ng the loco tion of th e p itu i tary fo ss □ and the p i - 
tuitary gland to the caudal edge of the pterygoid hamuli on 
the CT images. Use on air-powered burr and bone punches 
to gain access to the fossa (Fig. 24-8, Bj, Once the pituitary 
gland is visibIe beneath the inner cortical layer of the bone , 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Delayed wound healing may occur in animals with hypoa¬ 
drenocorticism, therefore incisions should be closed with 
strong, slowly absorbed or nonabsorbable suture material 
(e,g. 5 polydioxanone, polyglyco nut e> polypropylene, or ny¬ 
lon). A drill with a 2- to 4-mm, egg-shaped burr is required 
for hypophysectomy. Bone wax, absorbable gelatin sponge, 
and a 90-degree angled, ball-tipped hook are also recom- 
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reported in dogs with large, functional tumors after radia 
tion therapy. In one study 43 of 52 dogs went into remission 
after hypophysectomy; hyperadrenocorticism subsequently 
recurred in five (Meij et al, 1998). In this study postopera¬ 
tive CT findings did not correlate well with remission or 
subsequent recurrence of hyperadrenocortlcism. 
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I TABLE 24-1 1 


Postoperative Drug Therapy after Hypophysectomy 


Desmopressin Acetate 

2 ng/dog (2-4 drops of 100 jjtg/ml) intranosally or i 

conjunctiva sid to bid 

Hydrocortisone {Solu-Cortef} 

1 mg/kg IV, qid 

Prednisone or Prednisolone 

0.2 mg/kg sid 

Thyroid Hormone (Soloxine, Thyratabs, Synthroid) 

22 pg/kg PO, bid 


in 


sid, Once a day; bid, twice a day; iV, intravenous; qid, four times a 
day; PO, oral. 


mended. The use of fine (1 mm) neurosurgical bone 
punches for removal of the inner cortical layer and the use of 

ocular magnification may improve the surgical technique 
and facilitate exposure of ihe pituitary and extraction with¬ 
out hemorrhage (Meij et al,, 1997). 


Surgery of the Pancreas 


POSTOPERATIVE CARE 
AND ASSESSMENT 


After hypophysectomy, fluid therapy (e.g., 0.45% sodium chlo¬ 
ride plus 2.5% glucose supplemented with potassium) should 
be continued until the animal is able to maintain its hydration. 
Beginning immediately after surgery, desmopressin acetate 
iDDAVP) should be given for up to 2 weeks (Table 24-11). 
Corticosteroid therapy (Table 24-11) should be instituted be¬ 
fore surgery and continued post o per at i v e 1 y. 1 hyroid hormone 
supplementation should be initiated after surgery and must be 
given for life. If bone wax was used to control hemorrhage, an¬ 
tibiotic therapy should be continued for 7 to 10 days. Nasal dis¬ 
charge and impaired swallowing may be observed for the first 
few days postoperative!/. Persistence of these signs may indi¬ 
cate palate dehiscence. Lack of tear production may require ad¬ 
ministration of ocular medications postoperative!/ 


i ».*■ 


GENERAL PRINCIPLES 
AND TECHNIQUES 


* 






Sa. 




DEFINITIONS 


Pancreatectomy is surgical removal of all or part of the pan¬ 
creas* Insulinoma is a functional tumor of pancreatic pMslet 
cells; excessive insulin production commonly causes hypo¬ 
glycemia in affected animals (see p, 509)* Zollinger-Ellison 
syndrome is a condition caused by non-(3-islet islet cell tu¬ 
mors in which excess gastrin is secreted (see p* 512). 


PREOPERATIVE CONCERNS 


Animals with pancreatic inflammation often have vomiting 
and may also have weight loss and debilitation; however, cats 
with pancreatitis do not show vomiting as reliably as do 
dogs. Vomiting animals require fluid therapy and correction 
of electrolyte and add-base abnormalities before surgery 
Diabetic animals, which may be prone to pancreatitis, often 
anesthetized for elective and non elective procedures. 
These animals should be carefully evaluated for overall 
metabolic status before surgery. Preoperative laboratory 
analysis includes a complete blood count (CBC), serum bio¬ 
chemical panel (including fasting blood glucose, blood urea 
nitrogen, and creatinine), and urinalysis. Severe hyper¬ 
glycemia (over 300 mg/dl) or ketoacidosis should be cor¬ 
rected before surgery with insulin administration, intra¬ 
venous fluids, and electrolytes, 
tumors may have a wide variety of metabolic disorders* 


COMPLICATIONS 


Life-threatening complications of hypophysectomy include 
severe hemorrhage and nervous system abnormalities 
hied to surgical damage ol the hypothalamus or adjacent 
brain. Dehiscence of the palate incision may occur and re¬ 
quire reoperation* Keratoconjunctivitis sicca resulting from 
iatrogenic damage of the pterygopalatine nerves has been re¬ 
ported and may be transient or permanent. Transient, mild, 
postoperative hypernatremia may occur after surgery. 


re- 


are 


li 


PROGNOSIS 


il 


long-term survival is possible after hypophysectomy, radia¬ 
tion therapy plus chemotherapy, or chemotherapy alone 

in dogs with pituitary-dependent hyperadrenocorticism 
caused by micro adenomas. Long-term survival has also been 


h 


d 


Animals with pancreatic 
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So ft Tissue Surgery 


ANESTHETIC CONSIDERATIONS 


with greater care. Suggested anesthetic protocols are pro¬ 
vided in Table 24-13. As an alternative, animals that are not 
vomiting may be induced with a mask or placed in a cham¬ 
ber, or they may be give n thiopental or propofol at reduted 
dosages* If ketamine is not contraindicated, reduced dosages 
of diazepam and ketamine may also be used in cats* 


Many protocols have been described for anesthetic manage¬ 
ment of diabetic animals. Blood glucose concentrations ide¬ 
ally should be maintained between 100 arid 300 mg/dl dur¬ 
ing surgery. Hypoglycemia may occur if animals are given 
their regular insulin dose and food is withheld before sur¬ 
gery; however, the stress of surgery usually results in hyper¬ 
glycemia. Animals should he fed their normal diet the day 
before surgery, and their regular dose of insulin should be 
administered. Food should be withheld 12 hours before sur¬ 
gery or a small meal given after the morning insulin. Surgery 
should be performed in the morning. Blood glucose concen¬ 
trations should he measured the morning of surgery. One to 
2 hours before surgery, if the blood glucose concentration is 
between 150 and 300 mg/dl, the animal should receive one 
half of its usual morning dose of insulin subcutaneously 
Blood glucose should be checked at induction and hourly 
thereafter. If the blood glucose level is low, administer 0.45% 
saline and 2.5% dextrose (5 ml/kg for the hrst hour and then 
2.5 ml/kg thereafter). If the blood glucose level is normal, 
administer lactated Ringers solution (at the same rate). Flu¬ 
ids should be changed to 5% dextrose and an additional 

small dose of regular insulin given if the blood glucose con¬ 
centration is over 300 mg/dl. 


ANTIBIOTICS 


The role of antibiotics in the treatment of n uninfected pan¬ 
creatic conditions (e.g,, pancreatitis) is a matter of debate; 
however, they often are used to help prevent secondary infec¬ 
tions in necrotic pancreatic and peri pancreatic tissues. Pro¬ 
phylactic antibiotic therapy is reasonable in animals under¬ 
going pancreatic biopsy or partial pancreatectomy to prevent 
pancreatic abscessation. Treatment with imipenem or 
ciprofloxacin has been shown to reduce early and late septic 
pancreatic complications and improve survival in experimen¬ 
tal pancreatitis in rats (Mithofer et al., 1996). Because pancre¬ 
atic infections may be polymicrobial, broad-spectrum antimi¬ 
crobial therapy ( e.g., cefazolin, ciprofloxacin, imipenem; Table 
24-14) is preferred. Antibiotic therapy should be based on the 
results of culture and sensitivity testing of infected tissues in 
animals with pancreatic abscessation. 


SURGICAL ANATOMY 


Fhe pancreas of dogs and cats is composed of a right and 1 eft 
limb and a small central body (Fig. 24-9). The right limb of 
the pancreas lies within the mesoduodenum and is closely 
associated with the duodenum, particularly at its cranial as- 


NOTE * Be sure to maintain excellent perfusion 
during surgery to help prevent postoperative pan- 
crealitis. 


Selected anesthetic protocols for animals with pancreatic 
disease that are in stable condition are provided in Table 
24-12. These animals may be premeditated with an anti¬ 
cholinergic and opioid, induced with thiobarbitu rates or 
propofol, and maintained on halothane, isoflurane, or 
sevoflurane inhalants. If the animal is shoeky, dehydrated, or 
hypovolemic, anesthesia must be induced and maintained 


TABLE 24-13 


Selected Anesthetic Protocols for Use in Hypovolemic, 
Dehydrated, or Shoeky Animals with Pancreatic Disease 


Dogs 

Induction 

Oxymorphone (0.1 mg/kg 3V) plus diazepam (0,2 mg/kg 
IV). Give in incremental doses. Intubate if possible. If 

necessary give etormdafe (0.54 .5 mg/kg iV). (See text 
also.) 

Maintenance 

Isoflurane or sevoflurane 

Cats 

Premedication 

Butarphanol (0,2-0.4 mg/kg SC or IM) or buprenorphine 

(545 pg/kg IM) or oxymorphone (0,05 mg/kg SC 

or IM) 

Induction 

Diazepam 0.2 mg/kg IV) followed by etomidate (0.5-1.5 
mg/kg IV). (See text also.) 

Maintenance 

Isoflurane or sevoflurane 


TABLE 244 2 


Selected An esthetic Protocols for Use in Stable Dogs 
and Cats with Pancreatic Disease 


Premeditation 


Give atropine [0.02-0.04 mg/kg SC or IM) or glyeo- 
pyrrolate (0.005-0.01 1 mg/kg SC or IM) plus oxy¬ 
morphone* (0.05-0.1 mg/kg SC or M) or butorpb- 
anol (0,2-0,4 mg/kg SC or IM) or buprenorphine 
{545 (xg/kg IM) 

Induction 

Thiopental (10-12 mg/kg IV) or propofol [4-6 mg/kg 3V) 

Maintenance 

Isoflurane or halothane 


*Use 0.05 mg/kg in cats, 

SC, Subcutaneous; tM, intramuscular; IV, intravenous. 


IV f Intravenous; SC, subcutaneous; IM, intramuscular. 
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pect The dorsal aspect of the right pancreatic lobe is visual - 


NOTE • Visualize ihe left lobe of the pancreas by 


[zed by retracting the duodenum ventrally and toward the 


looking in the deep leaf of the greater omentum 


midline; the ventral aspect of the right pancreatic lobe is ex¬ 


while retracting the stomach cranially. 


a mined by retracting the duodenum laterally. The pancreatic 


— 


body (angle) lies in the bend formed by the pylorus and the 


duodenum. The left pancreatic lobe is viewed within the 


The main blood supply to the left pancreatic lobe is via 


deep leaf of the greater omentum by retracting the stomach 


branches of the splenic artery; however, branches from the 


cranially and the transverse colon caudaIiy. 


common hepatic and gastroduodenal arteries also supply por¬ 


tions of it The main vessels of the right lobe of the pancreas are 


f 


the pancreatic branches of the cranial and caudal pancreatico- 


TABLE 24-14 


duodenal arteries that anastomose in the gland. The cranial 


pancreaticoduodenal artery is a terminal branch of the hepatic 


Prophylactic Antibiotic Therapy of Animals 


artery; the caudal pancreaticoduodenal arises from the cranial 


with Pancreatic Disease 


mesenteric vessel These vessels also provide branches that sup¬ 


ply the duodenum. Because they are closely associated with the 


Cefazolin (Ancef, Kefzol) 


proximal portion of the right lobe of the pancreas, care must 


20 mg/kg IV at induction; repeat in 2-3 hours 


be taken not to damage these vessels during pancreatic surgery, 


Ciprofloxacin (Cipro) 


or devitalization of the duodenum may occur. 


5-15 mg/kg PO or IV, bid 


Imipenem (Primaxin) 


3-10 mg/kg IV or IM, tid to qid 


NOTE # The proximity and shared blood supply of 


the pancreas and duodenum make duodenal 


resec- 


Y Intravenous; PO, oral; bid, twice a day; iM , intramuscular; tid, 


tion difficult if pancreatic function is to be maintained 


three times □ doy; qrd, four times a day. 


Left gastroepiploic 


artery and vein 


Gastroduodenal 


a rte ry 


Hepatic 


a rte ry 
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Vascular supply to the pancreas. 
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pancreatectomy usually is performed in conjunction with 
resection and anastomosis ol the proximal duodenum, liga¬ 
tion of the common bile duct, and cholecystojejunostomy. 
These procedures are associated with high morbidity and 
mortality. Pancreatic drainage is indicated in some condi¬ 
tions (e.g., large abscesses or cysts) in which pancreatectomy 
is not feasible, A Penrose drain or double-lumen sump drain 
is sutured to the surrounding tissues with chromic gut su¬ 
ture and exteriorized lateral to the abdominal incision (see 

also p. 509), 


The pancreas has both endocrine (insulin) and exocrine 
(digestive secretions) functions. Digestive secretions enter 
the duodenum via one of two ducts. These ducts may 
communicate within the gland or may cross each other 
When the two ducts do not communicate, the pancreatic 
duct drains the right lobe and the accessory pancreatic duct 
drains the left lobe. The accessory pancreatic duct is the 
largest excretory pancreatic duct in dogs, it opens into the 
duodenum at the minor duodenal papilla. The smaller pan¬ 
creatic duct is occasionally absent. The latter usually enters 
the duodenum on the major duodenal papilla, adjacent to 
the common bile duct. The pancreatic duct is the principal 
and oftentimes only duct in cats. 


NOTE • Total pancreatectomy is difficult because it 
usually necessitates cholecystoenterostomy and re¬ 
moval of the duodenum. 


NOTE • Extrahepatic biliary obstruction may occur 
ondary to pancreatic swelling or masses because 
of impingement of the common bile duct as it enters 
the major duodenal papilla. 


Pancreatic Biopsy 

If diffuse pancreatic disease is present, a biopsy is best ob¬ 
tained by removing a small portion of the caudal aspect of 
the right pancreatic limb (see the discussion of partial pan¬ 
createctomy below). Focal lesions near the extremity of the 
pancreas may be removed in a similar fashion. 

For focal lesions within the pane re otic parenchyma i, use a 
Tru-Cut or VimSilverman needle (see p. 55)), or shove off a 
portion of the lesion with a scalpel to obtain o small sample 
of pancreatic tissue Take care not to damage adjacent blood¬ 
vessels or pancreatic ducts . 1 

Partial Pancreatectomy 

Focal lesions near the extremity of the pancreas can be re 
moved by the suture fracture technique, 

incise the mesoduodenum or omentum on each side of the 

pancreas. Pass nonabsorbable (i.e2-0 to 3-01 suture ma¬ 
teria/ from one side of the pancreas to the other, through the 
incisions , so that the suture is just proximal to the lesion to he 
excised. Tighten the suture and allow it to crush through the 
parenchyma , which ligates vessels and ducts (Fig, 24-10/. 
Excise the specimen distal to the ligature. Close any holes rtf 
the mesoduodenum with absorbable suture material 

Blunt separation of pancreatic lobules and ligation of 
ducts can be performed for lesions anywhere in the pan¬ 
creas, With small lesions it may be possible to identify and 
preserve the pancreatic ducts . Identify the lesion to be re¬ 
moved and gently incise the mesoduodenum or omen turn 

overlying it (Fig. 24-11 f AJ, For lesions involving the pan¬ 
creatic body or proximal aspect of the right lobe, use gauze 
sponges to bluntly dissect pancreatic tissue from the pancre¬ 
aticoduodenal vessels. Ligate or cauterize small pancreatic 
vessels but take care not to damage the pancreaticoduode¬ 
nal vessels. Using sterile Q-tips or Flalsted mosquito hemo - 
stats, separate the affected lobules from adjoining tissue by 
blunt dissection (Fig. 24-1 I, BJ r Identify the blood vessels 
and ducts supplying the portion of the pancreas to be re¬ 
moved and ligate them (Fig, 24-11, C). Excise the affected 

pancreatic tissue and dose any holes in the mesoduodenum . 


SURGICAL TECHNIQUES 


A ventral midline abdominal incision is made that extends 
from the xiphoid cartilage to caudal to the umbilicus, and 
the pancreas is examined using a combination of gentle pal¬ 
pation and visual inspection, it must be handled gently to 
avoid causing pancreatitis. The free portion of the greater 
omentum is retracted cranialiy and covered with moist 
sponges. The omental leaf overlying the pancreas can be 
bluntly separated to allow direct visualization of the left pan¬ 
creas. When neoplasia is suspected, lymph nodes that lie 
along the splenic vessels and portal vein and those at the 
hilus of the liver and head of the pancreas should be exam¬ 
ined for evidence of metastasis. 




NOTE • Handle the pancreas gently to avoid caus¬ 
ing pancreatitis! 


Pancreatic biopsy and partial pancreatectomy are per¬ 
formed in dogs and cats. Because of the difficulty in diag¬ 
nosing feline pancreatitis, biopsy may be indicated more 
often than currently used. Laparoscopic biopsy is possible 
and seems to be well tolerated. Pancreatic biopsy occasion¬ 
ally is performed in dogs to differentiate benign pancreatic 
conditions (e.g,, pancreatitis, pancreatic librosis) from neo¬ 
plastic disease. Although ultrasound-guided biopsies of large 
pancreatic lesions may be possible, exploratory laparotomy 
and direct visualization of pancreatic tissue usually are indi¬ 
cated. Partial pancreatectomy is indicated in animals with 
insulin-secreting or gastrin-secreting tumors or for pancre¬ 
atic adenocarcinoma (see p, 514). Total pancreatectomy is 
infrequently performed in veterinary patients. Removal of 
the pancreas without duodenectomy requires that pancre¬ 
atic tissue be bluntly dissected from the pancreaticoduode¬ 
nal vessels without damaging branches supplying the duo¬ 
denum. This is difficult in animals with pancreatic disease 
because of adhesions, fibrosis, and edema. Therefore total 
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FIG 34-10 

Focal lesions near the extremity of the 
pancreas can be removed by the 
suture fracture technique. Incise the 
mesoduodenum or omentum (dotted 
line) and pass nonabsorbable suture 
from 

other through the incisions 
the suture and allow it to crus 
the parenchyma. 
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FIG 24-1 1 


be performed for lesions 

ently incise the meso- 


Blunt separation of pancreatic lobules and ligation of ducts can 
anywhere in the pancreas. A, Identify the lesion to be removed an 
duodenum or omentum overlying it. B, Separate the affected lobules from adjoining tissue 
by blunt dissection using sterile Q-tips or Hoisted mosquito hemoslats. C, Ligate the blood 
vessels and ducts supplying the portion of the pancreas to be removed. 
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(» 


NOTE * ligate the pancreatic ducts with nonab¬ 
sorbable suture. 


I TABLE 24-15 


Octreotide Administration tor Prevention of Pancreatitis 


HEALING OF THE PANCREAS 


1-2 pg/kg given subcutaneously before surgery 


The fibrous stroma of the pancreas allows healing to 
by protein synthesis, epithelialization, and fibrin polymer¬ 
ization. Obstruction of the pancreatic duct is seldom caused 
by wound contraction; rather, parenchymal edema or ob¬ 
struction at the duodenal papilla usually is the cause. The 
main concern associated with pancreatic healing after sur¬ 
gery is the effect of healing on the flow and drainage of pan¬ 
creatic secretions. If the duct to the remaining portion is left 
intact, as much as 80% of the pancreas can be removed 
without causing deleterious decreases in exocrine or en¬ 
docrine function. 


occur 


<» 


TABLE 244 6 


Pancreatic Enzyme Treatment of Exocrine 
Pancreatic Insufficiency 


Pancrearyme 

Up to 2 teaspoons in each meal 

Viokose 

1 to 2 teaspoons with food 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Duct ligation is performed with nonabsorbable suture material 
{i.e., polypropylene, nylon) in animals with inflammatory, 
aseptic, or neoplastic conditions. In septic conditions of the 
pancreas, monofilament absorbable suture material (e.g., poly- 
dioxanone, polvglyconate) may be used; braided suture mate¬ 
rial should be avoided. Chromic gut suture should be avoided 
because it may be rapidly digested by pancreatic enzymes. 


SPECIAL AGE CONSIDERATIONS 


Pancreatic disease usually is found in middle-aged or older 
animals. Special care must be taken to meet the nutritional 
and metabolic needs of geriatric patients, particularly when 
disease may have caused inappetence 
Parenteral hyperalimentation 
after surgery in these patients. 


chronic vomiting, 
may be necessary before and 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Reference 


Oral feedings should be delayed for 2 to 5 days after exten¬ 
sive pancreatic surgery, and hydration and electrolytes 
should be maintained with intravenous fluid therapy Feed¬ 
ing should be initiated first with water to observe whether 
vomiting occurs. If the animal does not vomit, small 
amounts of low-fat (less than 2% fat on a dry matter basis), 

rice and defatted white chicken or white 
turkey without the skin) may be given. Animals with diffuse 
pancreatic disease or those that develop pancreatitis postop- 
eralively may require total parenteral nutrition postopera- 
lively. With septic conditions, broad-spectrum antibiotic 
therapy generally is continued for 10 to 14 days after surgery 


Mithofer K el til: Antibiotic treatment improves survival in experimen¬ 
tal acute necrotizing pancreatitis, Gastroenterology 110:232, 1996, 


Suggested reading 


Hess RS et al: Clinical, clinicopathologic, radiographic, and ultra¬ 
sonographic abnormalities in dogs with fatal acute pancreatitis: 

( 1986 - 1995 ), J Am Vet Med Assoc 2 13:665 , 1 998. 

Macky ED: Pancreatic disease of cats, Com pend Cant Educ Pract Vet 


bland food (e.g 


70 cases 


Ruatix CG: Pathophysiology of organ failure in severe acute pan¬ 
creatitis in dogs, Comp Cant Educ Pract Vet 22:531, 2000. 

Schaer M: Acute pancreatitis in dogs, Comp end Cant Educ Pract VW 
13:1769, 199L 


COMPLICATIONS 


KW: Current concepts of the pathogenesis and patho¬ 
physiology of acute pancreatitis in the dog and cat, Com pend 


on 


The most common complication of pancreatic surgery i 
pancreatitis; this can be minimized by gentle tissue handling. 
Octreotide ( Fable 24-15) may be useful in preventing post¬ 
operative pancreatitis. 


is 


Conr Educ Pract Vet 15:247, 1993. 




S23 


Severe, acute pancreatitis is associated with a high rate of 
mortality from multiorgan failure. Exocrine pancreatic insuffi¬ 
ciency (EPI) may occur if pancreatic drainage is completely 
obstructed, EPJ is treated with pancreatic supplements of 
merdal pancreatic extract (e.g., pancr 

feeding low-fat, highly digestible meals; and administration of 
antibiotics for associated antibiotic 


SPECIFIC DISEASES 


PANCREATIC ABSCESSES 
AND PSEUDOCYSTS 


co m - 


24 


se; 


DEFINITIONS 


res p o nsi ve ente ro p a thy. 

Endocrine pancreatic insufficiency (diabetes mellitus) 
suit when more than 80% to 90% ot the pancreatic tissue i 

m o ve d. Sup p I cm entat i on w i th ins ulin n i a y be ne cess a r y 


Pancreatic abscesses are a collection of purulent material 
and necrotic tissue within and extending from the pancre¬ 
atic parenchyma. Pancreatic pseudocysts are collections ot 


may re¬ 
ts re- 
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diagnosed in small animals. They may be associated with re¬ 
current bouts of pancreatitis or trauma. The fluid in the cysts 
is a combination of blood, pancreatic fluids, and enzymes. 
These are not true cysts because the fluid is thought to leak 
from damaged pancreatic ducts and vessels rather than being 
secreted by the lining of the cyst. Pancreatic pseudocysts may 
be incidental findings or may be associated with nonspecific 
abdominal signs such as pain and vomiting. In human beings* 
complications such as infection, rupture, or acute hemorrhage 

m ay o cc ur 


and are associated with a high mortality rate. 


NOTE * Large pancreatic masses in symptomatic 
asymptomatic animals may be pseudocysts or 

bscesses. Do not recommend euthanasia 
the basis of a radiographic finding 


or 


sterile a 
solely 
abdominal mass. 


of an 


m 24-12 

Pancreatic abscess in a dog 




iy -4 






DIAGNOSIS 

Clinical Presentation 




arise after 


Signalmen!. Pancreatic abscesses gener 
acute bouts of pancreatitis, therefore the signalmen t o t ani¬ 
mals with pancreatic abscesses closely parallels that of ani- 
mals diagnosed with acute pancreatitis (see p. 
imals are middle-aged or 


J . 


t 




a re mo re 


commonly affected than cats. 

History. Most animals with pancreatic abscesses have a 

previous history of acute onset of anorexia, depres 
rhea, or vomiting, and some have previously been treated lor 

gastroenteritis that probably 
findings may include ataxia 
pyrexia. Animals with pancreatic cysts may be asymptomatic 
or may show vague signs ol abdominal discomfort, anorexia, 

or vomiting, or all of these. 




s i o n, dia r - 


was pancreatitis. Other clinical 
anorexia, abdominal pain, or 


FIG 24-13 

Pancreatic pseudocyst. (Courtesy H.P. Hobson, Texas A&M 

University.) 


jth pancreatic abscesses often 

animals with "classic" pancreatitis. 


pancreatic secretions and cellular debris enclosed within a 

epithe- 


NOTE * Ani 

vomit less 


wi 


nil of granulation tissue or fibrous sac that lacks an 
lml wall. 


nan 


w 


Physical Examination Findings 

Typical findings with pancreatic abscesses may include pain 
during abdominal palpation, depression, icterus, pyrexia, 

palpable cranial abdominal mass 

However, the animal may have none oi these findings. Some 
animals may be weak and reluctant to stand. Pyrexia is an in¬ 
consistent finding. 

Radiography and Ultrasonography 

The most consistent finding with pancreatic abscesses 

survey abdominal radiographs is an 
soft tissue density in the right cranial abdominal quadrant 
(Fig. 24-14). If peritonitis is present, a generalized increase in 
soft tissue density and loss of visceral contrast throughout 
the abdomen may be observed. Abdominal ultrasonography 

is more sensitive and usually reveals a mass in the area of the 

t Gallbladder and bile duct distention may also be 

rarely observed on 


SYNONYM 


Pancreatic cyst 


r 


, or abdominal distention. 


GENERAL CONSIDERATIONS 

AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


i 


Pancreatic abscesses (Fig. 24-12) are a pancreatic or peri- 
pancreatk collection of purulent, necrotic, and hemorrhagic 
tissues that usually occur as a consequence of acute pancre¬ 
atitis. Antibiotic treatment of experimentally created pan¬ 
creatitis in rats has been shown to reduce the incidence ot 

and improve survival 


on 


ill-defined increase in 


pancreatic abscess formation 
(Mithofer et al, 1996). Pancreatic abscesses may also occur 

of chronic ductal ob- 


m human beings 


as a consequence 

sir action. Bacteria probably gain entrance to the pancreas 
hmatogenously or from enteric reflux. 

Pancreatic pseudocysts (Fig. 24-13) are a common com 
cation of acute pancreatitis in human beings but are only rarely 


ial 


pancreas 

noted. Gastric outflow obstruction is 


re¬ 


ef 
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DIFFERENTIAL DIAGNOSIS 


abscesses must be differentiated from other 
of vomiting and cranial abdominal pain (e.g., pancre¬ 
atitis, gastric foreign bodies, intestinal foreign bodies, gastri- 

cholecystitis, pancreatic neoplasia, gastrointestinal neo- 

is the most 


Pancreatic 
ca u se s 


plasia). Ultrasound evaluation ot the pancreas 
useful test for differentiating these abnormalities preopera- 

f may be required in 

definitive diagnosis. Pancreatic 

be differentiated from pancreatic ab- 

culture re- 


tively; however, exploratory surgery 


animals to make a 


so me 

pseudocvsts must 
scesses or 

suits, and histopathologic examination. 


* J;; 


neoplasia based on gross appearance 


MEDICAL MANAGEMENT 


Pancreatic abscesses are surgical diseases. The mortality 

rate in human beings with pancreatic abscesses is ntitrh 

used; with surgical 

mortality has been reduced, Similar studies 

dogs or cats. Small pancre- 

spontaneously without 


100% when medical therapy alone is 


FIG 24-14 

Abdominal radiograph of the dog in Fig. 24-12 with a 
pancreatic abscess. Note the ill-defined increase in soft 

density in the right cranial abdominal quadrant. 


treatment 
have not been reported in 


re s o1ve s 


atic pseudocysts may 
therapy. 


SURGICAL TREATMENT 


Generalized peritonitis is present in some dogs with pane re- 

mass is observed 


studies of the upper gastrointestinal tract 


contrast 

sound examination is the best tool for identifying pancreatic 

; However, differentiation of pseudo cysts from 


atic abscesses. On opening the abdomen, a 
originating from the pancreas in the cranial portion of the 

abdomen. The mass may be firm and iibrotic or triable, Mul¬ 
tiple adhesions to omentum and adjacent loops ot small 
large intestine often are present. Adhesions may be present 
with pseudocysts If the cyst has ruptured and reformed; 
however, fewer adhesions are expected than with pancreatic 

abscesses. Pseudocysts may be drained at 
needle aspiration. The former is associated 


ps eu d o cyst s 

other fluid-filled masses is not possible without evaluation 
of the fluid. Percutaneous fine-needle aspiration of masses 

be considered; the risk of abdominal contamination is 
reduced if the fluid is acellular. This risk must be weighed 
against the advantage of a preoperative diagnosis 
of a pancreatic pseudocyst in a dog after percutaneous, ul- 

graphic-guided drainage has been reported (Smith, 


or 


Resolution 


surgery or by fine- 


an 


t r a so no 
Biller, 1998). 


of recurrence. 

Preoperative Management 

with pancreatic abscesses 
initiated before surgery, 
based on the results of serum 
mental potassium chloride may 
hypokalemic. A broad-spectrum 
ministered intravenously before surgery 
least 10 to 14 days postopera tively. 

Anesthesia 

See the discussion of the anesthetic management o! animals 

with pancreatic disease on p. 502. 

Surgical Anatomy 

See the discussion of the surgical anatomy ot the pancreas 

on pp, 502-504, 

Positioning 

The animal is positioned 

caudal ihorax and entire abdomen are prepared for aseptic 
surgery. 


NOTE • Fine-needle aspiration of cavitary pancre¬ 
atic masses is risky. Perform with caution or not at all. 


management 


Fluid therapy should be initiated 


biochemical analyses. Supple 


be necessary if the animal is 
antibiotic should be ad- 


Laboratory Findings 

Hematologic and serum biochemical findings with pancre¬ 
atic abscesses are inconsistent but may include leukocytosis. 


and continued for 


left shift, lymphopenia 


at 


neutrophilia with or without a 

monocytosis. Serum biochemical abnormalities may include 
hyperbilirubinemia and high serum alkaline phosphatase 
caused by extrahepatic cholestasis, high alanine aminotrans¬ 
ferase, hy p o eh oleste rolem i hyponatremia, hypo chloremia, 
and hypokalemia. Serum lipase and serum amylase activity 

varies, and bilirubinuria often is present. Blood test values in 

be consistent with that for 


» or 




imals with pseudocysts may 
pancreatitis or may be normal. 


an 


in dorsal recumbency, and the 


NOTE * The absence of neutrophilia does not ex¬ 
clude pancreatic abseessatiom 
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SURGICAL TECHNIQUES 

Pancreatic Abscesses 


surgery for signs of continued infection (continued pyrexia, 

worsening or lack of improvement in the CBC), Repeat op¬ 
erations may he necessary in such animals. Hypoproteine- 
mia and hypoalbuminemia may be severe (particularly if 

open abdominal drainage is performed) and warrant plasma 
transfusions. Prolonged fever or sudden deterioration may 
indicate sepsis. Blood cultures are warranted it bacteremia is 
suspected. Pancreatitis is a potential complication of any 
surgery involving the pancreas (see p. 506). 


Perform a midline abdominal laparotomy that extends from 
the xiphoid cartilage caudally to distal to the umbilicus. Gen¬ 
tly explore the abdomen. Locate the pancreatic mass and 
obtain cultures of infected tissues . Gently break down adhe¬ 
sion s to the intestine and amenturn . Try to preserve the pan - 
creatic ducts , common bile ducts , and adjacent vascular 
structures during dissection , Debride necrotic or purulent or- 
of the pancreas using a combination of sharp and blunt 
dissection. Resect as much of the infected and necrotic pan- 

possible. If the mass is not resectable ; debride it and 

more than one drain} in the mass 


eas 


NOTE * Warn owners that repeat surgery may be 
necessary in some animals with pancreatic abscesses. 


creas as 

place a Penrose drain (or 
and exteriorize it lateral to the abdominal incision , Deter - 

bile duct patency by gently expressing the 
gallbladder If the common bile duct is not patent \ catheter- 
ize the duct and try to obtain flow or perform a cholecys- 

foenferos tomy (see p, 478). 


PROGNOSIS 


rmne common 


The prognosis in animals with pancreatic abscesses is 
guarded. Early recognition and aggressive therapy may im¬ 
prove the survival of these patients. The prognosis for pan¬ 
creatic pseudocysts is good; many resolve spontaneously. 
Pancreatic masses caused by inflammation, even \hose caus¬ 
ing biliary tract obstruction, often respond well to medical 
management, and surgical resection is seldom required. 


Make sure you do not ligate the common bile duct. 


Jf generalized peritonitis is present , I a verge the abdomen 
thoroughly with warm , 


sterile saline or lactated Ringer s so- 

■ luffpn. The abdomen may be closed or left open for drainage 

■ (see p. 272). 


References 


Mithofer K et al: Antibiotic treatment improves survival in experi¬ 
mental acute necrotizing pancreatitis, G a stmentero I og\ f 110:232, 
1996, 

Smith SA, Biller DS: Resolution of a pancreatic pseudocyst in a dog 
following percutaneous ultrasonograph it ^guided drainage, J Am 
Artim Hasp Assac 34:515, 1998, 




Pancreatic Pseudocysfs 

Explore fhe abdominal cavity as described above. Locate the 

pancreatic mass and obtain cultures of the cystic fluid . Gen¬ 
tly Wat down any adhesions. Resect as much of the fibrous 
wall surrounding the pseudocyst as possible, if the 
no! resectable, aspirate the fluid. A Penrose drain can be 
I placed, but this increases the risk of iatrogenic infection . 
™ Dose the abdomen routinely ; 


mass is 


INSULINOMAS 


DEFINITION 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Insulinomas are functional tumors of the |3-cells of the is¬ 
lands of I angerhans. These tumors secrete insulin despite 
the presence of hypoglycemia. 


Absorbable suture material should be used for the partial 
pancreatectomy in animals with pancreatic abscesses. Aero¬ 
bic and anaerobic culture swabs should be available. Copi¬ 
ous amounts of wanned fluids should be available for ab- 


SYNONYMS 


Pancreatic p-cell tumors,, adenomas, or adenocarcinomas ol 


dominal flushing; suction allows complete removal of 


the pancreatic islets 


instilled fluid and facilitates dilution of infected fluids in the 


abdominal cavity. 


GENERAL CONSIDERATIONS 


AND CLINICALLY RELEVANT 


POSTOPERATIVE CARE 


PATHOPHYSIOLOGY 


AND ASSESSMENT 


Insulinomas are pancreatic islet cell tumors that secrete ex- 


Antibiotic therapy should be continued based on the results 


cessive amounts of insulin, causing hypoglycemia. They are 


of culture and sensitivity testing of abdominal fluid or in 


commonly recognized in dogs than in cats. Unlike hu- 


feetd pancreatic tissues. Fluid therapy should be continued 


m o re 


beings, in whom up to 90% of insulinomas are benign, 


until the animal is eating and drinking normally. If a pro- 


m a i \ 


malignant tumors predominate in dogs. They are slow grow¬ 


ths animal is severely mal- 


longed recovery is expected 


or 


ing tumors that compress adjacent pancreatic parenchyma. 


nourished before surgery, needle-catheter jejunostomy or 


They usually are sharply delineated and encapsulated, and 


parenteral feeding should be initiated pos toper atively. Potas- 


although most are malignant, surgical excision often is pal¬ 


lium supplementation may he necessary until the animal is 


liative and prolongs survival. 


eating normally. Animals should be closely observed after 
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El TABLE 24-17 


NOTE * More than 90% of canine insulinomas are 
malignant. 


Whipple’s Triad 


* Clinical signs associated with hypoglycemia (usually 
neu rol ogic abnormalities) 

* Fasting blood glucose concentrations of 40 mg/dl or 


DIAGNOSIS 

Clinical 1 Presentation 

Signalmen*. Insulinomas generally occur in middie- 

no gender predisposition. 
Medium- to large-breed dogs (e.g., Irish setters, German 
shepherds, Labrador retrievers, standard poodles, and box- 
appear to be more commonly affected. 

History. The clinical signs, which are attributable to hy¬ 
poglycemia, include muscle tremors, muscle weakness, 
ataxia, mental dullness, disorientation, collapse, and/or con¬ 
vulsions. Dogs may be easily agitated and may have inter¬ 
mittent periods of excitability and restlessness. These clinical 
signs suggest hypoglycemia of any cause, not just insuli¬ 
noma. Owners may notice clinical signs for months before 
presenting the animals for evaluation. The clinical signs of¬ 
ten are intermittent initially but occur more frequently as 

the disease progresses. Owners often report that clinical 
signs diminish or resolve with feeding. Animals sometimes 
are treated for seizures with anticonvulsant agents before the 
diagnosis is made. 


lower 

* Relief of neurologic signs with feeding or glucose 

administration 


aged or older dogs, and there is 


TABLE 24-18 


Amended Insulin Glucose Ratio (pU/mg) 


Serum insulin (fjcU/ml X 100) 


Plasma glucose (mg/dl) 


*lf the blood glucose concentration is 30 mg/di or lower, 
the denominator, 


for 


use 


blood glucose concentrations often are below 70 mg/dl, If 
blood glucose concentrations initially are within the normal 
r a nge, m ost aifected do gs can b e m ad e hv p o glvce m ic hv fast - 

measurements should 

be determined every 2 to 3 hours in these animals until hy¬ 
poglycemia is detected. 

Once hypoglycemia has been confirmed, the serum in¬ 
sulin levels should be measured. If food has been withheld 
from the animal to induce hypoglycemia, serum insulin con¬ 
centrations should be measured on the first hypoglycemic 
sample (he., below 60 mg/dl). Normal fasting serum im- 
munoreactive insulin concentrations range from 5 to 2h 
pU/ml, whereas insulin levels in affected animals often ex¬ 
ceed 70 |±U/ml. If insulin levels fall within the normal range, 
an amended insulin/glucose ratio can be determined; how¬ 
ever, false positive results are possible (Table 24-18). Defini- 
t i ve diagnosis of in suli no m a m ay requ i re exp 1 o rato ry su rgery. 


ing for 12 


to 24 hours. Blood glucose 


NOTE * Warn owners that chronic hypoglycemia 
may cause permanent neurologic abnormalities. 


Physical Examination Findings 

Physical examination findings may reveal a normal or ataxic 
animal, muscle weakness, mental dullness, or disorientation. 
Affected dogs do not usually have physical examination ab¬ 
normalities between hypoglycemic episodes, a fact that may 
help differentiate insulinoma from other causes of hypo¬ 
glycemia. Withholding food before and during the evalua¬ 
tion may precipitate seizures in affected animals. Neuronal 
demyelination and axonal degeneration may result from 
chronic hypoglycemia. Although the cause is not known for 

certain, direct toxic effects of hypoglycemia on peripheral 
nerves or a paraneoplastic neuropathy has been postulated. 
Signs of peripheral polyneuropathy, such as ataxia and weak¬ 
ness, may continue despite appropriate therapy 

Radiography and Ultrasonography 

Thoracic and abdominal radiographs do not contribute to 

however, the location of the tumor in ihe pan¬ 
creas sometimes can be determined with ultrasound scans. 
Ultrasonography may also reveal metastasis to the liver and 
regional lymph nodes in some affected animals. Thoracic ra¬ 
diographs are indicated to look for metastasis, although pul¬ 
monary metastasis is rare. 


DIFFERENTIAL DIAGNOSIS 


Insulinomas should be considered a differential diagnosis in 
any dog with persistent and progressive seizures. Once hy¬ 
poglycemia has been verified, these tumors must be differ¬ 
entiated from other causes of hypoglycemia, including ex- 
trapancreatic neoplasms, hunting dog hypoglycemia, sepsis, 
hepatic failure, hypoadrenocorticism, and hypopituitarism, 
Laboratory error should be considered in animals that do 
not have clinical signs of hypoglycemia. 


the diagnosis; 


MEDICAL MANAGEMENT 


Dogs with insulinomas should be fed frequent, small meals. 
Three to six meals a day of a diet high in protein and complex 
carbohydrates but low in refined sugar reduces clinical signs. 
Exercise restriction may also help alleviate clinical signs. Glu¬ 
cocorticoid therapy (Table 24-19) may also help prevent hy¬ 
poglycemia caused by islet cell tumors by increasing hepatic 
glucose production and decreasing cellular glucose uptake 


LABORATORY FINDINGS 


A tentative diagnosis of insulinoma is based on demonstra¬ 
tion of Whipples triad (Table 24-17). Fasting or nonfasting 
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TABLE 24-19 


Oral Hyperglycemic Agents 


Prednisone or Prednisolone 


0,25-2 mg/kg bid 


Diazoxide (ProglycemJ 

Star* with 10 mg/kg divided bid with meals. May gradu¬ 
ally increase to 60 mg/kg divided bid. Concurrent ad¬ 
ministration of hydrochlorothiazide may enhance effects 
of diazoxide. 


bid, Twice a day. 


PIG 24-15 

Functional islet ce 


adenocarcinoma in a dog 


The lowest possible dose that controls hypoglycemia should 
be used to avoid iatrogenic hyperadrenocortfcism (e.g., 
polyphagia, polydipsia, bilateral symmetric alopecia, thin 
epidermis). If clinical signs of hyperadrenocortidsm occur, 
glucocorticoid therapy may be reduced and alternate drugs 
used; however, hyperadrenocortidsm may be preferable to 
hypoglycemia, Diazoxide (see Table 24-19) is an oral hyper¬ 
glycemic agent that acts to inhibit pancreatic insulin secre¬ 
tion and glucose uptake by tissues. It is effective at raising 
blood glucose concentrations in some dogs with insulino¬ 
mas; however, side effects may occur, such as anorexia, vom¬ 
iting, aplastic anemia, cataracts, bone marrow suppression, 
thrombocytopenia, anorexia, diarrhea, tachycardia, and fluid 
retention. Diazoxide should be used with caution in animals 
with hepatic dysfunction. If hypoglycemia is severe and unre¬ 
sponsive, intravenous administration of 5% or 10% dextrose 
maybe necessary to maintain blood glucose concentrations 
in the normal range until surgery can be performed. Strepto- 
zocin has been used in human beings with insulinomas, but 
this drug is nephrotoxic in dogs. Alloxan and a somatostatin 
analog (octreotide) have been used in a few dogs with insuli¬ 
nomas; h owe ve r, too little information is available at this time 
to recommend their use. Despite previous reports of a bene- 
hcial effect of octreotide in a few dogs with insulinomas, a re- 
cem study reported no clinical improvement in two of three 
dogs and minimal benefit in the third dog treated with this 
drug (Simpson et al., 1995). 


rane, or halothane. Jsoflurane and sevoflurane reduce the 
cerebral metabolic rate more than does halothane. Blood 
glucose concentrations should be monitored regularly dur¬ 
ing surgery (Le,> every 20 to 40 minutes) to prevent intraop¬ 
erative hypoglycemia. 

Surgical Anatomy 

See the discussion of the surgical anatomy of the pancreas 
on pp. 502-504. 

Positioning 

The animal is positioned in dorsal recumbency, and the cau- 
doventral thorax and entire abdomen are prepared for asep- 
su rgery. 








SURGICAL TECHNIQUE 


Explore the cranial abdominal cavity thoroughly for evi¬ 
dence of neoplasia. Carefully and gently palpate the entire 
pancreas for evidence of tumor nodules. 


Most dogs have solitary nodules (Fig. 24-15). Tumors are 
found with equal frequency in the left and right lobes of the 

.* -to to . 

pancreas and in the body Metastasis is noted in approxi¬ 
mately 50% of cases at the time of surgery. Metastasis usually 
occurs to the regional lymph nodes and liver; however, duo¬ 
denal, mesenteric, and omental metastasis may also occur. 






SURGICAL TREATMENT 




Preoperative Management 

Fluid therapy with 5% glucose should be initiated 12 to 24 
hours before surgery. Food is withheld 12 hours before sur¬ 
gery. Blood glucose concentrations should be measured im¬ 
mediately before surgery and additional glucose given if the 
concentration is below 75 to 100 mg/dl. 


Perform a partial pancreatectomy f 
tumor nodules with as 
possible. Submit excised lesions for histopathologic exami- 
notion. Excise metastatic nodules if possible. 


p. 5041 removing 
wide a margin of normal tissue as 


If the tumor cannot be identified, methylene blue maybe 
administered intravenously (Table 24-20). Methylene blue 
may stain neoplastic islet cells, helping to differentiate them 
from surrounding normal tissue. Maximum staining occurs 
within 30 minutes. A common side effect of methylene blue 
administration is hemolytic anemia resulting from the for¬ 
mation of Heinz bodies. 


Anesthesia 

The goal of surgery is to maintain blood glucose concentra¬ 
tions above 75 to 100 mg/dl. Thiobarbiturates, propofol, or 
etomidate may be used for induction of anesthesia because 
they reduce cerebral glucose metabolism. After intubation, 
anesthesia should be maintained with isoflurane, sevoflu- 
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un resect able metastases or multiple or incompletely resected 
primary tumors. Persistent hyperglycemia occurs in up to one 
third of dogs undergoing surgical removal of insulinomas and 
is thought to be due to suppression of normal (3-cells bv tu¬ 
mor insulin, resulting in loss of insulin production. 


(PI TABLE 24 20 


Methylene Blue Administration 


Di ute 3 mg/kg of 1% methylene blue in 250 ml of 0.9% 

sterile saline and give intravenously over 30-40 minutes. 


PROGNOSIS 


The long-term survival of animals with insulinomas depends 
on the clinical stage of the tumor at the lime of surgery Nearly 
50% of all dogs that do not have evidence of metastasis at the 
time of surgery are normoglycemic for at least 1 year after par¬ 
tial pancreatectomy. 7 he survival rates are similar for dogs with 

and without evidence of lymph node metastasis; however, he¬ 
patic metastasis leads to shorter survival times. Long-term 
disease-free periods can be obtained in some dogs with multi¬ 
ple surgeries to remove hepatic nodules as clinical signs occur. 
Young dogs may have a poorer prognosis than older dogs. 


TABLE 24-21 


Postoperative Recommendations for Maintaining 
Glucose Concentrations 


Initially monitor blood glucose every 2-3 hours. 

• Continue providing glucose-containing fluids until the 
blood glucose concentration is over 75 mg/dl. 

• If hypoglycemia persists, administer steroids 
diazoxide. 


or 


NOTE * If metastasis is not apparent at surgery 
survival of longer than 1 year may occur, even 
though cures are unlikely. 


NOTE * Fatal Heinz body anemia in dogs has 
been reported with the use of methylene blue. 


Reference 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Simpson KVv et at: Evaluation of the long-acting somatostatin ana¬ 
logue octreotide in the management of insulinoma in three dogs, 
/ Sm a ll A ft i ftt Pract 36 : 161 , 1995 , 

Suggested re ading 

Dunn IK et al: Insulin-secreting tumors of the canine pancreas; 

clinical and pathological features of IE cases, / Small Anim Pract 
34 : 325 * 1993 . 


Balfour abdominal retractors are useful for abdominal explo¬ 
ration, Sterile Q-tips or tine hem os tats are useful for separating 
pancreatic tissues during partial pancreatectomy. Duct ligation 
is performed using 3-0 or 4-0 nonabsorbable suture material 
(see pp. 504-506). Methylene blue may be given intravenously 
to help identify primary and metastatic nodules (see above). 


POSTOPERATIVE CARE 
AND ASSESSMENT 


GASTRINOMAS 


Blood glucose concentrations should be measured frequently 

during the first 24 hours after surgery. Pancreatitis may result 
from surgical manipulation of the pancreas. Small amounts 
of water may be administered the day after surgery and if 
vomiting does not occur, feeding of small, frequent meals 
may be initiated. Once the blood glucose concentration sta¬ 
bilizes at 75 to 100 mg/dl or higher, the glucose infusion 
be discontinued (Table 24-21). It persistent hypoglycemia 
continues, medical therapy (glucocorticoids, diazoxide; 
Table 24-19) should be initiated. Prolonged hypoglycemia 
may cause cerebral laminar necrosis. Neurologic signs (j,e„ 
ataxia, bizarre behavior, coma, seizures) may persist in such 
animals despite normoglycemia. Transient hyperglycemia 
casionallv occurs and may persist for years after surgery. In¬ 
sulin therapy may be indicated if blood glucose concentra¬ 
tions above 180 mg/dl persist for longer than 3 to 5 days. 


DEFINITIONS 


Gastrinomas are tumors that secrete excessive gastrin, 
Zollinger-Ellison syndrome is a term used to describe a syn¬ 
drome of gastric acid hypersecretion, gastrointestinal ulcer¬ 
ation, and non-|3-eell pancreatic tumors. 


can 


SYNONYMS 


see 


Noncell tumors > gastrin-secreting tumors . The terms gas¬ 
trinoma and Zollinger-Ellison syndrome often are used in¬ 
terchangeably; however, gastrinomas can arise in other parts 
of the alimentary tract. Zollinger-Ellison syndrome refers 
specifically to gastrinomas arising in the pancreas. 


oc- 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


COMPLICATIONS 


Complications of surgery in animals with insulinomas in¬ 
clude persistent hypoglycemia, pancreatitis, diabetes mellitus, 
epilepsy, and diffuse polyneuropathy. The most 
causes of postoperative hypoglycemia 


Gastrinomas are rare tumors in dogs and cats. They are de¬ 
rived from ectopic amine precursor uptake decarboxylase 
(APUD) cells in the pancreas and produce an excess of the 
hormone gastrin. Gastrin normally is secreted by cells of the 


common 
are unrecognized or 
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antral and duodenal mucosa in response to antral distention 

and stimulation by amino 
peracidity, which can cause multiple ulcerations in the duo- 

Pancreatic gastrin-secreting tumors usually 
are local ly i n vasi ve in to a dj a cen t p a renc hy m a a n d tre q uen tly 

metastasize to 


TABLE 24-22 


acids. The excess gastrin causes hy- 


Basal Serum Gastrin Levels in Normal Dogs and Cats 

(pg/mi r 


denal mucosa. 


Dogs 

Under 1 90 

Cats 

Under 135 


the liver or both. 


or 


DIAGNOSIS 

Clinical Presentation 


Signalmen!* Dogs and cats may be affected. Too few 
have been reported to determine breed or gender pre¬ 


cases 

disposition. Affected animals usually are middle-aged. 

History* Most animals have clinical signs of anorexia, 
vomiting (which occasionally is blood tinged), regurgitation, 

interm ittent d iar rhea, weigh 1 1 o s s, an d / or dehy d ra t io n. C lin - 

ical signs may be present tor several days or months before 
diagnosis. .Animals may have been treated for gastric ulcers 
for months with poor response. 


*To convert from pg/ml to ng/L, multiply pg/ml X 1. 
Note: These values may vary between laboratories. 


TABLE 24-23 


Medical Therapy for Animals with Gastrinoma 




Omeprazole (Prilosec) 

07-1.5 mg/kg PO, sid to bid (preferred) 

Sucralfate (Carafate) 

0.54 g PO, lid; to qid 


Physical Examination Findings 

Clinical findings are nonspecific and may include dehydra¬ 
tion, diarrhea, melon a, hematemesis (coffee-ground appear¬ 
ance) , steatorrhea, and/or weight loss. Abdominal pain is an 
inconsistent finding. Perforation of a gastric ulcer may lead 
to signs of generalized peritonitis (see p. 268). 

Radiography, Ultrasonography, 
and Endoscopy 

Radiographs and ultrasonography are 
gastrinomas because pancreatic masses generally are too 
small to be visualized. Endoscopy is the most useful tech¬ 
nique for diagnosing esophagitis, gastric mucosal hypertro¬ 
phy, or duodenal ulceration in dogs with suggestive clinical 
signs. Ulcers are most commonly located in the proximal 

duodenu m. 


Famotidine (Pepcid) 


0,54 mg/kg PO, sid to bid 


; fid, three times a day; 


day; bid, twice a day 


PO, Oral; sid, once a 
qid, four times a day. 


nondiagnostic for 


elude renal failure, gastric outflow obstruction, chronic gas 
tritis, and current H 2 -L>locker therapy 


MEDICAL MANAGEMENT 


Because of the aggressive biologic behavior of this malignant 
neoplasm, the prognosis for long-term cure is poor; how- 

aggressive medical management with omeprazole 


Laboratory Findings 

Nonspecific laboratory abnormalities noted in animals with 

gastrinomas include anemia, hypoproteinemia, elevated 

senun alkaline phosphatase activity, and/or leukocytosis. 
.._ , vomit- 

hypochloremic, hypokalemic, 


ever, 

(Table 24-23) may be helpful. Proton-pump inhibitors (e.g., 

omeprazole, lansoprazole) are the most potent inhibitors of 
gastric-acid secretion known. Other agents that may be used 
to help treat ulcers in dogs with gastrinomas include those 
that lessen gastric acidity and those that protect the gastric 
mucosa from damage (see Table 24-23). However, the effec¬ 
tiveness of these drugs in animals with gastrinomas often is 
limited, and beneficial effects may be short-lived. 

Sucralfate forms a protective coating over the ulcer 
erosion. If bleeding is severe, a loading dose of 3 to 4 g of su¬ 
cralfate may be given. Cimetidine, ranitidine, and famoti¬ 
dine are H ,-receptor blockers that reduce acid secretion, but 
they tend to be much less effective than omeprazole (see 

Table 24-23). 


mg has been severe (e.g 
metabolic alkalosis or metabolic acidosis). Preoperative di¬ 
agnosis of gastrinoma is based on demonstration of hyper- 

gastrin emia. Blood samples for serum 
should be obtained after a 12-hour fast and before treatment 
with H r blockers. Baseline serum gastrin levels are provided 
in Table 24-22. Serum gastrin levels of animals with 
Zollinger-Ellison syndrome may exceed 1000 pg/ml. 


gastrin analysis 


or 


DIFFERENTIAL DIAGNOSIS 


Gastrinomas must be differentiated from other causes of 

peptic ulceration, including nonsteroidal antiinflammatory 
drugs (NSAlDs), corticosteroids, gastric neoplasia, infiltra¬ 
tive disease, mast cell tumors, disseminated intravascular co¬ 
agulation, hepatic disease, circulatory shock, and septic 
shock (see also p. 269). Other causes of hypergastrinemia 


SURGICAL TREATMENT 


Exploratory laparotomy often is required to confirm the di¬ 
agnosis. Surgical resection of the pancreatic mass may pro- 

if metastasis is not present If metastasis is pres¬ 
ent, surgical debulking of the mass and removal of operable 


a cure 


in 
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ing* Fluid therapy should be continued until the animal is 
eating and drinking* Medical therapy for ulcers should be 
continued until clinical signs resolve* Long-term medical 
therapy may be necessary to control gastric hypersecretion 
caused by hypergastrinemia and to reduce the incidence and 
severity of ulcers. 


metastatic lesions may improve the efficacy of medical ther¬ 
apy and prolong survival The gastrointestinal tract should 
be closely Inspected during surgery for evidence of ulcera¬ 
tions that may perforate* Any such lesions should be re¬ 
moved or should have a serosal patch (see p* 380)* Total gas¬ 
trectomy has been recommended for animals in which the 
condition is unresponsive to medical therapy; however, be¬ 
cause of long-term complications (Le*> malnutrition, dys¬ 
phagia, or bile reflux), this procedure is seldom performed. 

Preoperative Management 

If possible the animals condition should be stabilized before 
surgery. Whole blood should be given if the animal is se¬ 
verely anemic (Le., PCV below 20%), and anemic animals 
should be oxygenated before induction of anesthesia* Elec¬ 
trolyte and acid-base abnormalities should be corrected and 
fluid therapy initiated before surgery. 

Anesthesia 

See p. 502 for anesthetic recommendations for animals under¬ 
going pancreatic surgery. Inotropic therapy may be necessary. 

Surgical Anatomy 

See pp, 502-504 for discussion of the surgical anatomy of the 
pancreas and p* 339 for discussion of the surgical anatomy of 

the stomach. 


PROGNOSIS 


Because of the malignant nature of this tumor, the long¬ 
term prognosis generally is grave. In a recent study 3 of 4 
dogs had evidence of metastatic disease in the lymphatic sys¬ 
tem at the time of surgery (Green, Gartrell, 1997). 


Reference 


Green RA, Gartrell CL: Gastrinoma: a retrospective study of four 

cases (1985-1995), / Am Anim Hasp Asset: 33:524,1997, 

Suggested reading 


Feldman EC, Nelson RW: Gastrointestinal endocrinology. Ii 
fell man EC, Nelson RW, editors: Canine and feline endocrinol¬ 
ogy and reproduction, ed 2, Philadelphia, 1996, WB Saunders. 


EXOCRINE PANCREATIC NEOPLASIA 


POSITIONING 


DEFINITION 


Exocrine pancreatic carcinomas are malignant tumors that 
arise from either acinar or duotular epithelial cells* 


dorsal recumbency, and the ab- 


The animal is placed 
domen is prepared for a ventral midline incision* The caudal 
thorax and entire ventral abdomen should be prepared for 




SYNONYM 


aseptic surgery. 


Pa 1 iarea tic adenocarcinomas 


SURGICAL TECHNIQUE 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


oration , inspect the 


Perform a thorough abdominal ex pi 
draining lymph nodes , liven duodenum i, and mesentery for 
evidence of metastasis * Inspect the entire pancreas for 
mass lesion. Perform a partial pancreatectomy (see p, 504) 
and resect metastatic lesions that are accessible. Submit ex- 


a 


Exocrine pancreatic tumors are slightly more common than 
tumors of the pancreatic islet cells in dogs and cats. Pancre¬ 
atic tumors are more common in human beings than in dogs 
and are associated with an extremely high mortality rate [ap¬ 
proximately 90% within 1 year of diagnosis). xViost pancre¬ 
atic tumors are malignant (adenocarcinoma); they arc ag¬ 
gressive tumors that invade locally and metastasize readily. 
The most common sites for metastasis are the liver, lungs, 
peritoneum, and regional lymph nodes* Metastatic pancre¬ 
atic carcinoma was diagnosed in one dog that was presented 
for evaluation of diabetes insipidus. Benign pancreatic tu¬ 
mors (i.e*, adenomas) are extremely rare* 




cised tissues for histopathologic examination . 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


[f the animal is severely hypoprotememic or anemic, wound 
healing may be delayed. In such cases, polydioxanone or 
polyglyconate suture (2-0 or 3-0) is preferred to close gas- 
trotomy and abdominal incisions (see p. 44). These sutures 
may also be used to perform a serosal patch. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Anemic animals benefit from nasal oxygen post operatively 
Small amounts of water should be given the day after surgery 
and the patient observed for vomiting. If vomiting does not 
occur, small amounts of food can be given 24 hours postop- 
erativelv. The diet should be low fat and contain moderate 

■t 

amounts of protein and carbohydrates to aid gastric empty- 


NOTE * Most pancreatic masses are caused by 
pancreatitis, not neoplasia. Never euthanize 
tient with a pancreatic mass without a histologic di¬ 
agnosis, no 


. 


grossly, 
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well advanced at the time of diagnosis, and it may be difficult 
to determine grossly the neoplastic masses' site of origin. 


DIAGNOSIS 

Clinical Presentation 

Signalmens Pancreatic adenocarcinomas may be 
slightly more common in cats than in dogs. 1 hey occur more 
commonly in older animals, and Airedale terriers and boxers 
have been reported to have higher risk for this turnon A gen¬ 
der predisposition has not been proved in dogs, although 
pancreatic carcinoma seems to be more common in males. 


MEDICAL MANAGEMENT 


Although numerous treatments have been used in human 

attempt to improve the survival of patients with 


beings in an 

pancreatic adenocarcinoma, only those with resectable le¬ 
sions at the time of laparotomy have a fair prognosis. 
Chemotherapeutic agents have not prolonged the life of 

people or animals with this tumor. 


NOTE * You cannot differentiate pancreatic adeno¬ 
carcinoma from benign pancreatic disease on the 
basis of clinical signs or gross appearance. 

History, Animals with pancreatic adenocarcinoma may 
have vomiting, abdominal pain, anorexia, weight loss, 
lethargy, abdominal distention, and/or diarrhea. The history 
may be acute or chronic. Adenomas usually are incidental 
findings at surgery or at necropsy and are not associated 
with clinical signs. 

Physical Examination Findings 

Physical examination findings tor exocrine pancreatic carci¬ 
noma may include abdominal pain on palpation and/or as- 
cites that occurs secondary to compression of the portal vein 
or other vessels or because of widespread abdominal metas¬ 
tasis. Some animals may have a palpable abdominal mass, 
whereas in other animals the first clinical sign noted is icterus 
caused by obstruction of the common bile duct. Extremely 
high lipase values may suggest pancreatic carcinoma. 

Radiography and Ultrasonography 

An ill-defined increase in soft tissue density in the right cra¬ 
nial abdominal quadrant may be noted on survey abdominal 
radiographs. If ascites is present, a loss of visceral contrast 
throughout the abdomen may be observed. Abdominal ul¬ 
trasonography often reveals a mass in the area of the pan- 

Distention of the gallbladder and bile ducts may be 
noted with obstruction of the extrahepatic biliary tract. Ob¬ 
struction of gastric outflow may be seen on contrast studies 
of the upper gastrointestinal tract. 

Laboratory Findings 

Laboratory abnormalities have not been well defined in anb 
Dials with exocrine pancreatic neoplasia. Abnormalities con¬ 
sistent with extrahepatic cholestasis (i.c., elevated alkaline 
phosphatase and hyperbilirubinemia) often are present. 
Some animals may show mild leukocytosis, dehydration, 
and hemoconcentration. 


SURGICAL TREATMENT 


Surgical resection is the treatment of choice; however, many 
animals are presented with advanced disease, and surgical 
resection is not possible. 


Preoperative Management 

The animals condition should be stabilized before surgery 
with administration of intravenous fluids and correction of 
acid-base and electrolyte abnormalities. 

Anesthesia 

See the discussion of anesthetic management of animals 
with pancreatic disease on p. 502, 

Surgical Anatomy 

The surgical anatomy of the pancreas is described on 
pp. 502-504. 

Positioning 

The animal is prepared for a ventral mi dime exploratory 
procedure. The entire abdomen and caudal thorax should be 
prepared for aseptic surgery. 


SURGICAL TECHNIQUE 


Adofce an abdominal incision that extends from the xiphoid 

far caudally as necessary to allow complete ex- 


cartilage as 

ploration of the abdominal cavity. After identifying the pan 
creatic mass , explore the abdominal organ s, peritoneum 
and regional nodes for evidence of metastasis (Fig. 24-16 J, 


creas. 


w 








* 


DIFFERENTIAL DIAGNOSIS 


Exocrine pancreatic carcinoma must be differentiated from 
benign and metastatic pancreatic disease. Nodular pancreatic 


hvperplasia, a condition seen in older animals, is characterized 


by multiple small, white lesions that protrude minimally 


from the pancreatic surface. Adenomas usually are small 


masses that may contain cysts. These conditions are not asso- 


FIG 34-16 


Pancreatic carcinoma in a dog. 


dated with clinical signs. Pancreatic carcinomas are usually 
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Euthanasia should be considered in animals with wide¬ 
spread m etas tas i s, 


phocvtic thyroiditis) or a result of idiopathic atrophy. Hy¬ 
perthyroidism is excessive secretion of thyroxine. Primary 
hyperparathyroidism is excessive secretion of parathyroid 
hormone (PTH) by one or more abnormal parathyroid 
glands. 


Perform a partial pancreatectomy if possible. Confirm the po- 
tency of the common bile duct before closing the abdomen. 


PREOPERATIVE CONCERNS 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Hypothyroidism is common in dogs* It usually is due to thy¬ 
roid dysfunction (primary hypothyroidism), although pitu¬ 
itary and hypothalamic causes occasionally are diagnosed. 
Secretion of thyroid hormones, triiodothyronine (T 3 ) and 
thyroxine (T 4 ), from the thyroid is controlled by a feedback 
mechanism between the hypothalamus, pituitary and thy¬ 
roid glands. Thyrotropin (thyroid-stimulating hormone 
[TSH|) is produced in the pars distalis of the pituitary gland. 
It stimulates the synthesis and release of thyroglobulin, a 
precursor of T, and T. 3 , as well as T, and T,* Release of thy¬ 
rotropin is controlled by a neuropeptide produced in the hy¬ 
pothalamus, thyrotropin-releasing hormone (TRH), TRH 
secretion is inhibited by high circulat ing levels of glucocor¬ 
ticoids (e.g., hyperadrenocorticism) or thyroid hormone, 
Primary hypothyroidism usually is caused by idiopathic fol¬ 
licular atrophy or lymphocytic thyroiditis. Dogs with lym¬ 
phocytic thyroiditis have circulating thyroglobulin antibod¬ 
ies that form antigen-antibody complexes in the gland, 
causing functional glandular tissue to be replaced by fibrous 
tissue. Hypothyroidism in cats usually is caused by surgical 
removal of the thyroid glands or damage to their blood sup¬ 
ply during thyroidectomy (see p. 578}; however, congenital 
hypothyroidism in a family of Abyssinian cats has been re¬ 
ported (Jones et al., 1992). The disease was inherited as an 
autosomal recessive trait and appeared to be the result of a 
defect of iodide organification. Congenital hypothyroidism 
also has been reported in dogs. 

Hypothyroidism maybe manifested as lethargy, exercise 
intolerance, weight gain, constipation, nonpruritic sym¬ 
metric alopecia, peripheral neuropathies (i,e„ laryngeal 
paralysis, vestibular deficits, megaesophagus), reproductive 
problems, cardiovascular changes (he*, bradycardia, weak 
apex beat), and/or coagulopathies. Hypothyroidism may 
also result in diminished activity of factor VOI or of factor 
VIH-related antigen, which may predispose animals with 
von Willebrand disease to spontaneous bleeding or serious 
hemorrhage during surgery. The mean von Willebrand fac¬ 
tor/antigen concentration in hypothyroid dogs has been 
found to be significantly reduced compared with that in 
euthyroid dogs. It appears that reduced concentrations oi 

plasma von Willebrand factor/antigen can be found in dogs 
in association with congenital von Willebrand disease or 
with von Willebrand disease acquired through hypothy¬ 
roidism. Animals with untreated severe hypothyroidism 
and bleeding tendencies undergoing emergency procedures 
should be given oral L-triiodothyronine (Table 24-24) 
three or four times a day or a single intravenous dose of 
L-thyroxine, Elective procedures should be postponed 
until replacement therapy has been maintained for a min¬ 
imum of 2 weeks. If excessive bleeding is noted despite 


A standard soft tissue pack or general surgery pack generally 
is all that is required. See p* 506 for requirements for partial 
p ancreatecto my. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Animals presented for treatment that have pancreatic carci¬ 
nomas often are debilitated and require special attention to 
ensure that their nutritional needs are met postoperalively 
Enteral or parenteral hyperalimentation should be consid¬ 
ered. See also p. 506 for postoperative care of patients with 
pancreatic disease. 


PROGNOSIS 


The prognosis is extremely poor for animals with pancreatic 
carcinomas. Most have widespread disease at the time of di¬ 
agnosis, and many are euthanized at surgery Survival of less 
than 3 months should be expected for most of the remain- 
i n g a ri i mal s. 


Suggested reading 


O'Brien TD et al: Pancreatic endocrine tumor in a cat: clinical, 
pathological, and immunohistochemical evaluation, / Am Anim 
Hasp Assoc 26:453,1990. 

Popp JA: Tumors of the liver, gallbladder, and pancreas. In Moulton 
IE, editor: Tumors m domestic animals, ed 3, Berkeley, 1990, Uni¬ 
versity of California Press. 

Tasker S et a: Resolution of paraneoplastic alopecia following sur¬ 
gical removal of a pancreatic carcinoma in a cat / Small Anim 

Pract 40:16, 1999. 


Surgery of the Thyroid 
and Parathyroid Glands 
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GENERAL PRINCIPLES 
AND TECHNIQUES 
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DEFINITIONS 


Thyroidectomy is removal of a thyroid gland. Hypothy¬ 
roidism is deficient secretion of thyroxine. Goitrous hy¬ 
pothyroidism is caused by an abnormal iodine uptake or by 
defects in iodine uptake, organification, or thyroglobulin 
formation, Nongoitrous hypothyroidism is spontaneous 
hypothyroidism that may be immune mediated (i,e., lym- 
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management of animals with fa net tonal parathyroid tumors 
is described on p. 526, Primary hypoparathyroidism is a rare 
cause of hypocalcemia in dogs and cats, it has been reported 
to affect primarily middle-aged female dogs, occurring sec¬ 
ondary to lymphocytic parathyroiditis* Most affected ani¬ 
mals have a history of neurologic disease (particularly 
seizures) or neuromuscular disease. 


thyroid supplementation, whole blood or plasma should be 
given (Table 24-25). 


NOTE * See p, 522 for preoperative concerns in 

animals with hyperthyroidism. 


NOTE • Hypothyroid animals may bleed exces¬ 
sively during surgery. Monitor hemostasis carefully. 


ANESTHETIC CONSIDERATIONS 


Hypothyroidism may prolong recovery from anesthesia. 
Dosages of premedications and anesthetics may need to be 

reduced in moderately or severely affected animals. The 
blood pressure, cardiac function, and hematocrit should be 
closely monitored during anesthesia and in the early postop¬ 
erative period. Blood should be available in case excessive 
bleeding occurs intraoperatively. Hypothermia may be of 
greater concern in these patients because of their inability to 
regulate body temperature normally; care should be taken to 
maintain body temperature during surgery and to rewarm 
these patients after surgery. See pp, 522 and 528 for anesthetic 
recommendations for animals undergoing thyroidectomy. 


Animals with hyperparathyroidism often are presented 
for treatment of abnormalities associated with hypercal¬ 
cemia, Parathyroid hormone is synthesized by chief cells of 
the parathyroid glands. PTI! stimulates renal reabsorption 
of calcium, mobilizes calcium from bone, and promotes in¬ 
testinal calcium reabsorption. PTH also controls hydroxy la- 
tion of 25-hydroxyvi tarnin D 3 to 1,25 dihydroxyvitamin D, 
in the proximal renal tubules. 1,25-Dihydroxyvitamin D 3 
regulates PTH secretion through a negative feedback mech¬ 
anism. PTH is synthesized and secreted in response to de¬ 
clines in circulating calcium levels. Functional parathyroid 

neoplasms (primary byperparathyroidism; see p. 525) cause 
hypercalcemia through excessive secretion of PTH, which 
results in increased renal reabsorption of calcium and in¬ 
creased renal excretion of phosphorus, increased release of 
calcium and phosphorus from bone, and increased intestinal 
absorption of calcium and phosphorus. The preoperative 


NOTE • Anesthetize hypothyroid animals with 

care; these patients may require reduced dosages of 
anesthetics. 


ANTIBIOTICS 


Guidelines for appropriate use of perioperative antibiotics 
should be followed in hypothyroid patients (see Chapter 10). 
Prophylactic antibiotic therapy should be considered in ani¬ 
mals that are debilitated or obese or that have concurrent hy¬ 
per adrenocorticism. 


(» 


| TABLE 24-24 


Treatment of Canine Hypothyroidism 


Maintenance 

Levothyroxine [Soloxinej 22 |ig/kg PO, bid 

Before surgery (if not on maintenance therapy) 

1. Oral: liothyromne (T 3 ; Cytobin or Cytomel) 4-6 pg/kg 
PQ r fid or qid, or 

2, Intravenous: L-thyroxine 20-40 jig/kg (1 dose) 


SURGICAL ANATOMY 


The thyroid glands (or lobes) are dark red, elongated struc¬ 
tures attached to the outer surface of the proximal portion of 
the trachea (Fig. 24-17). They usually are positioned laterally 
and slightly ventral to the fifth to eighth cartilage rings. The 
left lobe usually is located one to three tracheal rings caudal 


to the right lobe. In adult dogs they are approximately 5 cm 


P0. Oral, fai'4 twice a day; tsd / three times a day; qid f four limes 
a day. 


long and 1.5 cm wide; in cats they are 2 cm long and 0.3 cm 
wide. Occasionally the right and left lobes are connected by 
a ventral isthmus. Unlike most glandular organs, they often 
can be palpated when enlarged. Thyroid secretions (i.e., thy¬ 
roxine, triiodothyronine, and calcitonin) exert a major effect 
on metabolism. Thyroid hormone is synthesized by follicu¬ 
lar cells, stored mtercellularly, and released into the circula¬ 
tion. In adults it causes an increase in the overall metabolic 




M TABLE 24-25 


RI ood Tra ns fu si o n Re q ui r emeu t s 


ml of donor blood needed: 

Recipient blood volume* x 


rate; in juveniles it stimulates growth. Calcitonin (formed by 
parafollicular C cells) lowers blood calcium by stimulating 
calcium uptake. Functional accessory thyroid tissue is com¬ 
mon along the trachea, thoracic inlet, mediastinum, and 
thoracic portion of the descending aorta. Thyroid follicular 
cells arise from a rnidline outpouching known as the thyroid 
diverticulum on the ventral pharyngeal floor. The diverticu¬ 
lum’s pharyngeal connections usually separate completely; 


Desired PCV - Actual patient PGV 

PCV of anticoagulated donor blood 


‘Tore blood volume is estimated at 90 ml/kg far dogs and 70 
ml/kg for cats. 

Mote; A rough estimate is that 2,2 ml of b bod/kg of body weight 

increases the recipient's PCV by 1 %. 

PCV, Packed cell volume. 
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FIG 24-1 7 

The thyroid glands are lateral and slightly ventral to the fifth to eighth cartilage rings 
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SURGICAL TECHNIQUE 


however* a persistent connection that has functional glandu¬ 
lar epithelium and cysts along its course may remain (thy- 
roglossal duct). 

The cranial and caudal thyroid arteries are the thyroid s 
principal blood supply. The cranial thyroid artery arises 
from the common carotid artery; the caudal thyroid artery 
typically arises from the brachiocephalic artery. The cranial 
and caudal thyroid arteries anastomose on the dorsal surface 
of the gland* where they send numerous vessels that supply 
the gland. The cranial thyroid artery in dogs usually sends a 
branch that supplies the external parathyroid gland before 
entering the thyroid parenchyma. In cats* the branch that 
supplies the external parathyroid gland may arise from the 
cranial thyroid artery after it has perforated the capsule. 
Caudal thyroid arteries may not be present in cats. Innerva¬ 
tion to the thyroid is via the thyroid nerve* which is formed 
from the cranial ganglion and cranial laryngeal nerve. 

The parathyroid glands are small* ellipsoid disks that usu¬ 
ally occur as four structurally independent glands in dose 
association with the thyroid glands. The external parathy¬ 
roid glands (so named because they lie outside the thyroid 
capsule) normally are found on the cranial dorsolateral sur¬ 
face of the respective thyroid. The internal parathyroid 
glands are embedded within the thyroid parenchyma, usu¬ 
ally at the caudomedial pole. 


Thyroidectomy may be performed via an intracapsular or 
extra capsular approach. The extracapsular approach is used 
in dogs with malignant thyroid tumors (e,g*, carcinomas; see 
p. 527)* and no attempt is made to spare the ipsilateral 
parathyroid glands, lntracapsular and modified extracapsu- 
lar approaches have been described for thyroidectomy in 
cats (see pp, 522-523), These techniques spare the external 
parathyroid glands in an attempt to avoid complications 
associated with hypoparathyroidism. A modification of the 
original lntracapsular approach* developed to reduce the in¬ 
cidence of postthyroidectomy hyperthyroidism, involves ex¬ 
cising most of the thyroid capsule once the thyroid tissue has 
been removed. Recurrence of hyperthyroidism in cats after 
thyroidectomy is thought to be the result of hypertrophy of 
small nests of functional thyroid tissue attached to the cap- 
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Abnormal thyroid tissue (he., adenomatous tissue) appears to 
regenerate and hypertrophy after incomplete feline thyroidec¬ 
tomy. Parathyroid tissue may be able to revascularize and re 
gain function even if il has been totally separated from its 
blood supply. Therefore many surgeons recommend implant* 
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Su rgery of the Endocrin e Sys tem 


Chapter 24 


i ng a n i n a dve rten tly excised pa ra.thyro i d gl a n d i n to su r round- 
ing muscle rather than discarding it. Ectopic parathyroid tis¬ 
sue may also hypertrophy after removal of the parathyroid 
glands, resulting in normal parathyroid function. 


TABLE 24-26 


Neurologic Abnormalities in Hypokalemic, 
Hvperthyroid Cats 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


• Generali 
•Neck ventraflexion 

• Fatigue 

• Muscle tremors 

• Ataxia 

• Incoordination 

• Inability to jump 

• Muscle atrophy 

• Breathlessness 

• Collapse 


Delayed wound healing may occur in animals with hypothy¬ 
roidism, and care should be used in closing surgical wounds 
in these patients. See p. 523 and p. 527 for a discussion of the 
instruments for thyroidectomy and parathyroidectomy, re¬ 
spectively. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


The postoperative care and assessment of animals undergo¬ 
ing thyroidectomy for hyperthyroidism or neoplasia is pro¬ 
vided on p. 523 and p. 527, respectively. 


ally is asymmetric. In approximately 5% of cats the thyroid 
mass is ectopic (i.e., at the thoracic inlet or in the cranial me¬ 
diastinum), Feline hyperthyroidism that occurs secondary to 
malignant thyroid carcinomas is rare. The cause of feline hy¬ 
perthyroidism is unknown. Suggested causes have included 
circulating thyroid-stimulating immunoglobulins, serum 
thyroid growth-stimulating immunoglobulins, dietary 
goitrogens, and viral causes, A recent study found that cats 
that preferred fish or liver and giblets flavors of canned food 
appeared to be at increased risk for the development of hy¬ 
perthyroidism, possibly because these diets contain a rela¬ 
tively high concentration of iodine (Martin et al, 2000). Ex¬ 
posure to fertilizers, herbicides, plant pesticides, flea 
products, and smoke did not seem to be associated with an 
increased risk of this disease in the aforementioned study. 

Excessive circulating thyroxine causes mult(systemic or¬ 
gan dysfunction. Thyrotoxicosis increases the metabolic rate 
and sensitivity to catecholamines and causes significant car¬ 
diovascular and metabolic abnormalities. Up to 80% of af¬ 
fected cats may have thyrotoxic heart disease, and approxi¬ 
mately 20% of these may have congestive heart failure. 
Multifactorial mechanisms may cause neuromuscular and 
central nervous system dysfunction in some hyper thyroid 
cats. Neurologic signs associated with feline hyperthy¬ 
roidism are listed in Table 24-26. T 4 and If bind to receptor 
sites in the sarcoplasm that increase skeletal muscle heat pro¬ 
duction and mitochondrial oxygen consumption. The hy¬ 
perthyroid state may reduce muscle contraction by uncou¬ 
pling oxidative phosphorylation. Thyroid hormones may 
lower the threshold for cerebral tissue activation, alter the 
activity of some brain enzymes, and interact with 
cholamines to alter the mental state of some affected ani¬ 
mals. Abnormalities of the central nervous system may in¬ 
clude hyperexcitability, irritability, aggression, seizures, 
confusion, and stupor, 

DIAGNOSIS 

Clinical Presentation 

Si g no (merit. Hyperthyroidism generally affects cats 
older than 8 years of age (mean age, 13 years). There is no 
gender predisposition. 


Reference 


Jones RR et al; Preliminary studies on congenital hypothyroidism 
in a family of Abyssinian cats, Vet Rec 131:145, 1992, 

Suggested reading 

Avgeris 5, Lothrop CD, McDonald TP; Plasma von Wiliebrand fac¬ 
tor concentration and thyroid function in dogs, j Am Vet Med As¬ 
soc 196:921,1990. 

Jaggy A et al: Neurological manifestations of hypothyroidism: a ret¬ 
rospective study of 29 dogs, / Vet Intern 

Matthiesen DT Mullen MS; Problems and complications associated 
with endocrine surgery in the dog and cat, Pm hi Vet Med 2:627, 
1990. 


>d 8:328, 1994, 






SPECIFIC DISEASES 


FELINE HYPERTHYROIDISM 


DEFINITION 


Hyperthyroidism is a multisystem! c disease that results 
from excessive production and secretion of thyroxine (TJ, 


SYNONYMS 


Goiter is an enlargement of the thyroid gland. Graves’ disease 
describes an autoimmune disorder of human beings in 
which circulating autoantibodies stimulate thyroid tissue. It 

common cause of human hyperthyroidism. 


15 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Hyperthyroidism may occur in dogs or cats; however, it is 
much more common in cats, in which it is generally associ¬ 
ated with adenomatous hyperplasia of one or both thyroid 
glands. Approximately 80% of affected cats have bilateral 
thyroid gland involvement, although the enlargement usu- 
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presented for treatment 
no rmal o r voraci ous a pp et ite 

mass is 


History. Most affected cats are 
because of weight loss despite 

restlessness, and/or hyperactivity. Occasionally a small 

the ventral cervical region. 




vM.v 


»" * Hui*' C. 
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Vomiting, diarrhea 


noted in 

polyuria, polydipsia, aggression, and/or a rough hair coat may 
also occur. There is sometimes an increased frequency of defe¬ 
cation- Body temperature may be slightly elevated. Approxi¬ 
mately 10% of hyper thyroid cats are depressed, lethai gic, in- 
appetent, and/or weak (he., “apathetic 11 hyperthyroidism) 
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Physical Examination Findings 
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il 


present in most affected cats. 1 


t* 


A palpable cervical mass is 

weight of the enlarged gland often causes it to gravitate ven 

trallv, because the thyroid is loosely attached to tracheal fas 

descend into the thoracic 
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. Occasionally the gland may 
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longer be palpated. Additional physical 
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inlet, where it can no 
examination findings may include emaciation, a ihin and/or 

ughened hair coat, and cardiac abnormalities (e.g,, tachy- 

left anterior fascicular 














TO 


FIG 24-1 S 

Thyroid imaging may 

Compare the normal 

hyperthyroid cat i 


cardia, gallop rhythms, murmurs 
block, and/or atrial and ventricular tachyarrhythmias). Elec 
trocardiographic abnormalities may include tachycardia 
prolonged QRS duration, increased R-wave amplitudes ' 
lead 11, and ventricular preexcitation. 


be used to identify functional thyroid 

scan in this cat with that of the 




tissue, 




in Fig. 24-19. 
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Radiography, Ultrasonography, 

and Thyroid Imaging 

An enlarged heart, consistent with hypertrophic cardiomy 

thoracic radiographs and echocar 

congestive heart failure, pleural effu- 
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pa thy, often is found on 
diography. I f the cat is in 

pulmonary edema (or both) may occur. Ectopic 

thyroid tissue is rarely visible radiographically Thyroid imag- 

confirm the diagnosis by detecting functional ectopic 

radionuclide (tech- 
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thyroid tissue. With this procedure a 
netium 99m) is administered intravenously. The drug accu¬ 
mulates in functional thyroid tissue, and scanning wr 
dilation camera provides an image of the tissue (Figs. 24-18 
and 24-19). The percentage of thyroid uptake of technetium 
99m is correlated with total serum thyroxine concentrations. 
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NOTE • Before anesthetizing animals for a thy- 
idectomy, take thoracic radiographs and/or per¬ 
form echocardiography. 


FIG 24-19 

Thyroid scan of a cot with bilateral thyroid adenomas. 


rot 


TRl 1 stimulation test may be per- 


test (Table 24-27) or a 

formed. In normal cats the serum T, concentration should de- 

than 50% after administration of sodium lit> 

g/dl), whereas in hyperthyroidats 

concentration would be 

The Tj concentration should increase in both hyperthy- 






Laboratory Findings 

Most affected cats have high serum free T, (and TJ concen 

trations; however, the diagnosis of hyperthyroidism cannot be 

excluded on the basis of normal thyroxine concentrations. 

Other abnormalities may include mild elevations in red blood 

cell numbers, increased PCV, neutrophilic leukocytosis, 

, and elevated alanine aminotrans- 


cline by more 

thvronine (i.e., below 1.5 m 

a minimal decrease in 




se r u m 


seen. 

roid and euthyroid cats if the medication was given appropn* 
ately. For the TRH test, the serum % and X, concentrations ate 

measured before and 4 hours after intravenous administra* 

tion of TRH (0.1 mg/kg). Hyperthyroid cats usually have a 

relative increase ot lof less than 50%, normal cats haveard- 

alternative, the rt 


- 




eosinopenia, lymphopenia 
ferase and alkaline phosphatase. If baseline serum thyroid 

hormone concentrations are normal in a cat with appropriate 

if there is a palpable ventral cervical mass, 












ative increase of greater than 50%. As 

sponge to oral antithyroid drugs 
pertechnetate scan may be used to help confirm the diagnosis, 




an 


clinical signs 

measurement of the serum free T- concentration should be 
repeated in 3 to 4 weeks. As an alternative, a Tj, supp vssu n 


or 


the results of a sodiun: 


or 
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■EJI TABLE 24-27 


9 


i TABLE 24-28 


A Suppression Test 


Treatment Options for Hyperthyroid Cats 


Day l 

Obtain morning baseline serum T 4 and I 3 concentrations. 

Days 1 and 2 

Give sodium iiothyronine [Cytobin), 25 pg/cat PO, fid for 

2 days. 

Morning of Day 3 

Administer sodium Iiothyronine, wait 2-4 hours, then 
measure serum T 4 and Tj. 


* Long-term administration of antithyroid drugs 

* Treatment with Iodine 1 31 

* Surgical removal of the affected glands 


TABLE 24-29 


Possible Side Effects of Methimazole Therapy* 


Anorexia 

Vomiting 

Pruritus 

Lethargy 

Development of serum antinuclear antibodies 

He pa to pa thy 

Thrombocytopenia with or without bleeding 

Agranulocytosis 

Leukopenia 

Positive Coombs" test result 


Modified from Nelson RW, Gouts CG: Small animal medicine, ed 2, 
St. Louis, 1998, Mosby, 

A Triiodothyronine; T At thyroxine; PO, oral; fid, three times a day. 


NOTE * Measurement of serum free T 4 is generally 

diagnostically superior to measuring serum total I 


4 * 


^Also see text. 


Cats with hyperthyroidism have been shown to have 
increased glomerular filtration rate (GFR) compared with 
normal cats; treatment with methimazole has resulted in a 
reduced GFR in affected cats (Becker et al, 2000), The 
thors oi the aforementioned study have recommended that, 
when treating hyperthyroid cats suspected of having renal 
dysfunction, a trial course of methimazole be 
follow-up serum biochemical and urine analyses, before 
electing bilateral thyroidectomy or radioactive iodine ther¬ 
apy; because methimazole s effects may be reversible. For 
cats that develop overt renal failure alter establishment of 
euthyroid ism, the withdrawal of therapy may result in im¬ 
proved renal function (Becker et al., 2000), 


an 


Long-term administration of antithyroid drugs (e.g., me¬ 
thimazole) can cause remission; however, clinical signs re¬ 
turn once the drug is discontinued. The drug inhibits syn¬ 
thesis of thyroid hormones. Although administration of 
methimazole may be associated with side effects (Table 
24-29), the drug generally is well tolerated, and many side 
effects resolve with continued therapy, I 

induced hepatopathy, thrombocytopenia, and agranulocyto¬ 
sis occur with chronic therapy. If thyroid carcinoma is sus¬ 
pected, medical therapy with antithyroid drugs may palliate 
clinical signs while allowing tumor growth. Propylthiouracil 
(PTTJ) is an effective oral antithyroid drug in cats; however, 
it is not recommended, because its use has been associated 

a nem i a 


au- 


given, with 


rare cases drug- 


DIFFERENTIAL DIAGNOSIS 


with the development of autoimmune hemolytic 
and immune-mediated thrombocytopenia, 

a sate and effective method of treating hyperthy¬ 
roidism; however, it requires facilities to safely handle the 
isotope. The cat must be confined for several weeks, during 
which time it is a human health hazard, it is important to de¬ 
tect other diseases before treating with l31 I so that minimal 
contact with the cat is required during treatment. Radioac¬ 
tive iodine is trapped In the thyroid gland and causes local 
tissue destruction. The etficacy ot radioactive iodine therapy 
is reduced by recent administration of antithyroid drugs, be¬ 
cause these drugs reduce incorporation of the radioactive io¬ 
dine into the thyroid gland. If carcinoma is present, larger 
doses of l3l I may be necessary. 


Cats presented tor treatment with weight loss or vomiting as 
a result of hyperthyroidism must be differentiated from 
those with intestinal lymphoma or inflammatory bowel dis¬ 
ease, Those with neurologic signs must be differentiated 
from cats with primary central nervous system abnormali¬ 
ties. Cardiac dysfunction that occurs secondary to hyperthy¬ 
roidism should be differentiated from that resulting from 
other acquired or congenital causes. 


Ul 


r is 


MEDICAL MANAGEMENT 


Treatment of feline hyperthyroidism may include long-ter 
administration 


m 


of antithyroid drugs (see Preoperative Man¬ 
agement below), iodine-131 ( MI I), injection of the thyroid 
glands with alcohol (Goldstein et ah, 1999), or surgical re¬ 
moval of the affected glands (Table 24-28). The choice of 
treatment for the individual cat depends on the animals age 
and condition (Le. s presence ot cardiovascular or renal dis¬ 
ease) and the therapies available to the practitioner. 


SURGICAL TREATMENT 


Surgical treatment of hyperthyroidism involves thyroidec¬ 
tomy. The major complication of bilateral thyroidectomy is 
hypoparathyroidism that occurs secondary to removal 


or 
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rci TABLE 24-30 


TABLE 24-31 




Preoperative Drug Therapy for Cats 
wi t h Hyp erthy ro i d i s in 


Esmoiol (Brevibloc) Therapy in Dogs and Cats 


dose of 75-100 pg/kg intravenously over 

constant-rate infusion 25-150 


Give a loadin 

3 minutes, then give by 
pg/kg/minute 


Methimazole (Tapazole) 


tid* followed by 2.5-5 mg/cat PO r 


or 


bid or tid 

Propranolol f (Inderal) 

2.5-5 mg/cat (0.4-1.2 mg/kg) PG, bid or tid 




Anesthesia 

Inhalants that sensitize the heart to arrhythmias should be 

avoided (e.g 

be premedicated with butorphanol (0.2 mg/kg given intra¬ 
muscularly or subcutaneously) and induced with diazepam 
(0.2 mg/kg given intravenously) followed by etomidate (1 to 

3 mg/kg given intravenously). Maintenance on isoflurane or 
sevoflurane in oxygen should be used. If the cat does not have 
cardiomyopathy, a variety of anesthetic protocols can be used 

premedicate similarly and chamber induce with isoflu¬ 
rane or sevoflurane in oxygen ). If arrhythmias occur during 

surgery that are not caused by hypoxemia 
esmoiol may be given as an intravenous bolus (Table 24*31). 


*11 long-term administration is considered, this dose should be ad¬ 
justed \o maintain the L concentration within the normal range, 
tPropranolol should be used with care in hyperthyroid cats. Admin 
istration of propranolol to hypokalemic cats may cause sudden 

death. 

PO, Oral; bid, twice a day; tid f three times a day; T A , thyroxine. 


halothane). Cats with cardiomyopathy may 


damage of the parathyroid glands. The procedure must be 
performed carefully to avoid this complication. If the 
parathyroid gland is inadvertently removed, it should be 
transferred to a nearby muscle belly (e.g,, sternohyoideus 
muscle) so that the gland may re vascularize and become 
functional again (parathyroid gland autotransplantation) 
( Padgett et ah, 1998). To avoid the complication of hypocal- 

surgeons recommend a two-stage procedure in 


(e\g 


or the anesthetic, 


Surgical Anatomy 


the 


See p. 517 for a description of the surgical anatomy 


cemia, some 

which one thyroid is removed and its associated parathyroid 
is reimplanted into adjacent musculature during the first 

Two weeks later, the other thyroid is removed and its 


thyroid glands. 


Positioning 

The animal is placed in dorsal recumbency with the neck 
slightly hyper extended and the forelimbs pulled caudal 
The entire ventral neck and cranioventral thorax should he 

prepared for aseptic surgery 


sur ge ry. 

associated parathyroid is similarly reimplanted. 


Preoperative Management 

Metabolic and cardiovascular abnormalities associated with 
hyperthyroidism make anesthesia risky, therefore cats 
should be made euthyroid preoperatively by administering 
methimazole (Tapazole) (Table 24-30). Generally, adminis¬ 
tration for 1 to 3 weeks before surgery is sufficient; however, 
measurement of the J 4 concentration should be repeated to 
ensure that it is within the normal range before surgery is 
performed (see comment on side effects above). If pinoper¬ 
ative therapy with methimazole is not tolerated, propranolol 
may be given lor 1 to 2 weeks before surgery (see Table 
24-30) to reduce the heart rate. Propranolol should be 
discontinued 24 to 48 hours before surgery because of its 
p-blocking effects, whi 

hypo tens io n. 

Because cardiac abnormalities are common, an electro¬ 
cardiogram, chest radiograph, and echocardiogram should 

be performed before surgery. Many hyperthyroid cats have 

concurrent renal disease, hypokalemia 
three. These cats should be given fluids before, during, and 
after surgery, and care should be taken to ensure that uremia 
does not occur during surgery (see the discussion of anes¬ 
thetic management of animals with renal disease on p. 550) 
or after surgery, when cardiac output drops because the cat 
becomes euthyroid. Fluid therapy should be adjusted if the 
cat is in congestive heart failure. 


SURGICAL TECHNIQUES 

Intracapsular Thyroidectomy 

Mate a skin incision from the larynx to a point cranial to the 

Bluntly separate the sternohyoid ond sternc/tiy* 


manuonum, _ 

raid muscles. Use a self-retaining (e.g., Celpi} retractor to 

maintain exposure , Identify the enlarged thyroid gland ond 

external parathyroid gland 
on the caudoventral surface of the gland in an avascular 

(Fig. 24-21} and extend it crontally with small scissors 

iris scissors), Using o combination of blunt and sharp 


(Fig. 24'20). Mote an incision 


area 

dissection , carefully remove the thyroid tissue from the cap- 
sule. Perform the dissection carefully to avoid damaging the 
parathyroid gland or its blood supply Use bipolar cautery to 
achieve hemostasis but avoid damaging the gland's blood 
supply After the thyroid parenchyma 
cise most of the thyroid capsule; ho we 
sale that is intimately associated with 
raid gland . if the parathyroid gland is inadvertently excised 

its blood supply is damaged 
nearby m us c/e belly (s 
in a simp/e continuous sufure paftern fee 
sorbaWeJ. Close the skin in either a simple continuous or 

simple interrupted suture (re., 3-0 non 


may interfere with treatment of 


has been removed, ax- 


ver f do nor excise cop 


or azotemia or all 


, transplant the 


to o 


or 


above). Close subcutaneous tissues 

L 3-0 or 4-0 ab 


absorbable) patte 
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Modified Extracapsular Approach 

for Thyroidectomy 

Position the animal as described above . Locate the thyroid 
gland as described above and ligate or 
thyro id vet n , Us ing fin e - tipped[ bipo lar ca utery forceps (Fig. 
24-22, A), cauterize the 

from the external parathyroid gland 
cut the gland at the cauterized area and 


cauterize the caudal 




thyroid capsule approximately 


z mm 
scissors 

and blunt dissection to remove the gland from the parathy¬ 
roid gland (Fig. 24-22 f B| Carefully dissect oil thyroid gland 
from the surrounding tissues and parathyroid gland (Fig. 
24-22\ CJ. Do not damage the cranial thyroid artery or its 
branches to the external parathyroid gland . if the parathy¬ 
roid gland is inadvertently excised or 
damaged , transplant the gland to 
above). Close as described above . 


s h arp 










its blood supply i 


is 


P 


rby muscle belly (see 




tf t 
/ r 


r 


NOTE • To prevent hypocalcemia, take special 

to avoid damaging the cranial thyroid artery. 


care 


FIG 24-20 

Thyroid enlargement in a cot. Note the parathyroid gland at 
the cranial pole of the left thyroid gland (arrow). 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Small, fine instruments, such as iris scissors and Bishop- 
Harmon thumb forceps, facilitate removal of the thyroid 
glands. Bipolar cautery forceps are advantageous for provid¬ 
ing hemostasis because they allow finer control of coagula¬ 
tion than do unipolar forceps. Sterile Q-tips are useful for 
dissecting ihe thyroid glands from the parathyroid glands. 
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POSTOPERATIVE CARE 
AND ASSESSMENT 














Complications may include hypocalcemia, hypothyroidism, 
recurrence of hyperthyroidism, worsening of renal disease 
Horner's syndrome, and/or laryngeal paralysis. Hypocal¬ 
cemia caused by hypoparathyroidism may be permanent or 
temporary. Persistent hypocalcemia may occur if ail four 
parathyroid glands are removed or if their blood supply is 
irreversibly damaged. Temporary hypocalcemia usually 
caused by disruption of the parathyroid blood supply. 
Hypocalcemia should not occur after unilateral thyroidec¬ 
tomy, Recurrent hyperthyroidism may result from hyper¬ 
trophy of adenomatous tissue not removed during thy¬ 
roidectomy or from adenomatous changes in ectopic 
thyroid tissue. Hyperthyroidism has been reported within 2 
to 3 years in 5% to 11% of cats having bilateral thyroidec¬ 
tomy, If possible, before repeat surgery a thyroid scan 
should be performed to localize hyperfunctioning tissue in 
these animals. 
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FIG 24-21 

For introcapsular thyroidectomy, make an incision an 
caudoventral surface of the aland in on avascular area 
extend it cranially with smalf scissors (i.e., iris scissors). 

Jsi^g a combination of blunt and sharp dissection, carefully 
remove the thyroid tissue from the capsule. 


3 


the 


j 


NOTE * Hypocalcemia is extremely rare after uni¬ 
lateral thyroidectomy for feline hyperthyroidism. 




J 




a 


’5 


Hypocalcemia (serum calcium level below 9 mg/dl in 

adult dogs and below 8.5 mg/d I 
most important, acute, life-threaten ing complication of 


NOTE * Sterile Q-tips are useful to help separate 
the gland from the capsule. 




in adult cats) is the 
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FIG 24-22 

Modified extracapsular thyroidectomy. A, Using fine-lipped bipolar cautery forceps, cauter¬ 
ize the thyroid capsule approximately 2 mm from the external parathyroid gland. B, With 
small, fine scissors cut the gland at the cauterized area and remove from the parathyroid 
gland. C, Carefully dissect all thyroid gland from the surrounding tissues and parathyroid 

gland* 


cularizes, Some animals must be maintained on vitamin D 
for months before the dose can be reduced; others require 

lifelong therapy* 


thyroidectomy. Most animals do not develop clinical signs 

until the serum calcium level is below 7.5 mg/dl. Animals 

should be closely observed for signs of hypocalcemia (i.e 

facial rubbing, muscle twitching, 


4 J 


panting, nervousness, 

seizures) for 2 to 4 days. In cats, early signs may in- 


catclum chloride infra- 
overdose the animal too easily 


NOTE • Do not give 


ataxia, 

elude lethargy, anorexia, panting, and facial rubbing. Cl ini- 

noted within 24 to 96 hours, although 


venously; you 


can 


cal signs us 

delayed signs have been reported up to 5 to 6 days later. 

of hypocalcemia may be treated with intra- 
10% calcium gluconate. Calcium should be given 
slowly intravenously (Table 24-32), and the cardiac rate and 
rhythm should be monitored during administration* Cal¬ 
cium administration should be discontinued if bradycardia 
develops. Calcium gluconate can also be added to the fluids, 

dose can be diluted in an 


are 


rpV TABLE 24-32 


Acute signs 


ven o u s 


r 


Treatment of Hypocalcemia Following Thyroidectomy 


Management of Acute Signs 


Give 0.54*5 ml/kg (5-15 mg calcium/kg) of 10% cal¬ 
cium gluconate slowly IV (aver 10-20 minutes) and 
monitor the heart; then add 10 ml of 10% calcium g 

conate to 250 ml of la eta ted Ringer's solution and c 

at maintenance rate or give IV dose diluted in equal 
volume of saline SC [in multiple sites). Monitor serum 

three times a day if 


equal volume 


intravenous 


or 


Lf* 


of saline and given subcutaneously every 6 to 8 hours ( see 
Table 24-32) until the animal is eating and able to be given 
oral medications. Subcutaneous or intravenous administra¬ 
tion of calcium should be discontinued when the serum cal- 

8 mg/dl, Maintenance therapy consists 


rip 


calcium frequently [two or 
necessary). 


cium level is above 
of oral calcium and vitamin D administration (see Fable 

24-3.2), The form of vitamin D most commonly used is di- 
hydrot achy sterol It does not accumulate in fat and has a 
more rapid onset of action than vitamin D _,. Serum calcium 
levels should be monitored weekly and the dosage of cal¬ 
cium changed accordingly Vitamin D supplementation of¬ 
ten can be discontinued once the parathyroid gland revas- 


Maintenance Therapy 


lactate 0.2-0.5 g/cat/day in divided doses 

PO and give vitamin D [dihydrotachysterol) PQ 0.02- 
0.03 mg/kg/day for 5-7 days, then 0.01 mg/kg/day 
for 5-7 days, then 0.005 mg/kg/day for 1-4 months. 


Give calcium 


IV, Intravenous; SC, subcutaneous; PO, ora 
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cranial mediastinum. Clinical signs are caused by PTH in- 
creasing calcium absorption and phosphorus excretion in 
the kidneys and enhancing bone resorption. The net result is 
an increase in serum calcium levels and a decrease in serum 
phosphorus levels. Clinical abnormalities caused by hyper¬ 
calcemia may include dystrophic calcification, impaired re¬ 
nal tubular concentrating ability, and calcium oxalate 
nephrolithiasis and urolithiasis. 

DIAGNOSIS 

Clinical Presentation 

Signalment, Parathyroid tumors usually occur in older 
dogs. There is no gender predisposition. Keeshonden (and 
possibly German shepherds and Norwegian elkhounds) may 
be predisposed to the disorder. Primary gland hyperplasia 
has been reported in young dogs. 

History, Dogs may be asymptomatic or may be pre¬ 
sented for treatment of nonspecific signs (e.g., polyuria, 
polydipsia, vomiting, weakness, constipation, lethargy, 
and/or inappetence). Clinical signs may be insidious in on¬ 
set. The most common clinical signs in cats with primary hy¬ 
perparathyroidism are anorexia, lethargy, vomiting, weak¬ 
ness, and weight loss; polyuria and polydipsia are less 
common in cats than in dogs. Occasionally bone and joint 
pain and pathologic fractures may occur secondary to skele¬ 
tal demineralization. Cystic calculi may occur secondary to 
hypercalcemia. 
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NOTE ■ Consider primary hyperparathyroidism as 
a differential diagnosis in animals with hypercal¬ 
cemia, dystrophic calcification, calcium oxalate 
urolithiasis, and/or nephrolithiasis. 


Physical Examination Findings 

The physical examination findings usually are nonspecific. 
The enlarged parathyroid gland can seldom be palpated in 

dogs; however, a cervical mass may be palpated in some cats. 

Radiography and Ultrasonography 

Cervical radiographs seldom identitv the neoplasm; how¬ 
ever, ultrasonographic evaluation of the cervical region typ¬ 
ically reveals a parathyroid mass. Marked demineralization 
of the skeleton, nephrolithiasis, or nephrocaldnosis (or all 
three) may be noted radiographically. 

Laboratory Findings 

Serum biochemical abnormalities in dogs with primary hy¬ 
perparathyroidism include hypercalcemia and hypophos¬ 
phatemia, Hypercalcemia is the most consistent finding in 
affected cats. Measurement of PTH in animals with normal 
renal function is a sensitive test. High normal or increased 
serum concentrations of PTH in hypercalcemie animals 
with normal renal function are suggestive of hyperparathy¬ 
roidism. Other causes of hypercalcemia (see below) usually 
are associated with low or low normal levels of PTH. Renal 
dysfunction, which may occur secondary to hypercalcemia 


HYPERPARATHYROIDISM 


DEFINITION 


Primary hyperparathyroidism ts a disorder resulting from 
excessive secretion of parathyroid hormone (PTH) by the 
parathyroid gland or glands. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Primary hyperparathyroidism is uncommon in dogs and 
rare m cats. It. usually is caused by parathyroid adenomas, al¬ 
though parathyroid carcinomas and parathyroid hyperplasia 
have also been reported. Par a thy ro id adenoma s are typically 
small, well-encapsulated tumors that appear brown or red 
and are located near the thyroid glands; however, ectopic 
adenomas may be located near the thoracic inlet or in the 
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TABLE 24-33 


TABLE 24-34 


Serum Parathyroid (PTH) and Calcium (Ca 21 ) Levels with 
Primary Hyperparathyroidism (HPTH) and Renal Disease 


Diuresis of Hypercalcemia Dogs 


0*9% Physiologic Saline Solution 


PTH 


CA 1+ * 


90 mi/kg/day IV 


T 


T 


Furosemide (Lasix) 

2-4 mg/kg IV, bid or tid 


T 


l 


Renal failure 


rum ionized calcium. 


IV, Intravenous; bid, twice a day; tid, three Hmes a day. 


or may he a primary disorder, may also elevate serum con¬ 
centrations of PTH. If renal function is abnormal, serum 
PTH concentrations should be evaluated in conjunction 
with the serum ionized calcium concentration. Serum ion¬ 
ized calcium levels are increased with hyperparathyroidism 
hut low to low normal with renal failure (Table 24-33). De¬ 
finitive diagnosis of primary hyperparathyroidism requires 
surgical exploration of the parathyroid glands. 


plasia should be suspected. Most dogs with primary hyper¬ 
parathyroidism have a single parathyroid adenoma. If the 
parathyroid glands appear normal, ectopic parathyroid tis¬ 
sue may be located near the base of the heart. Percutaneous 
ultrasound-guided chemical parathyroid ablation has been 
reported for treatment of hyperparathyroidism in dogs 
(Long et aL» 1999), 


NOTE • If you cannot find any other cause of hy¬ 
percalcemia and the parathyroid glands appear nor¬ 
mal, look for ectopic parathyroid tissue. 


DIFFERENTIAL DIAGNOSIS 


Thoracic and abdominal radiographs, abdominal ultra¬ 
sonography, routine blood work, and lymph node aspira¬ 
tions should be performed in animals with hypercalcemia to 
identify possible neoplastic causes (e 

apocrine gland adenocarcinoma} before pursuing hyper¬ 
parathyroidism. Other causes of hypercalcemia include 
granulomatous diseases, renal failure, hypoadrenocorticism, 
and hypervitaminosis D. Thyroglossal cysts (formed when 
the embryonic thyroglossal duct fills with fluid) may be con¬ 
fused with parathyroid masses on palpation. 


Preoperative Management 

Before induction of anesthesia, diuresis should be instituted 
with physiologic saline solution to help lower serum calcium 
levels (Table 24-34). In severe hypercalcemia, salmon calci¬ 
tonin can be used to lower the serum calcium. Fluids should 
be used with caution in animals with severe renal dysfunction. 
Once the animal has been appropriately hydrated, furosemide 
administration may promote further calciuresis. Electrolytes 
should be monitored to prevent iatrogenic hypokalemia. 

Anesthesia 

Theoretically, marked hypercalcemia may cause bradycardia, 
peripheral vasoconstriction, and hypertension. Hypotension 
may occur during anesthesia associated with relaxation of pe¬ 
ripheral vascular tone. Hypercalcemia also may predispose to 
cardiac arrhythmias. Anesthetic agents that potentiate arrhyth¬ 
mias (be., thiobarbiturates, halothane) should be avoided. 

Surgical Anatomy 

A discussion of the anatomy of the parathyroid glands is 
provided on p, 518, | 

Positioning 

The animal is placed in dorsal recumbency with the neck 
slightly hyperextended and forelimbs pulled caudally. The 
entire ventral neck and cranioventral thorax should be pre¬ 
pared for aseptic surgery. 


s a rco m a, 


NOTE * Poraneoptastic syndrome is a more com¬ 
mon cause of hypercalcemia than primary hyper¬ 
parathyroidism. 


MEDICAL MANAGEMENT 


Hypercalcemia may be treated by diuresis (see the discussion 
of Preoperative Management below). Surgical removal of the 
neoplastic parathyroid tissue is the definitive treatment for 
primary hyperparathyroidism. Glucocorticoid therapy usu¬ 
ally is transiently effective in lowering the serum calcium con¬ 
centration in animals with lymphosarcoma; if may also lower 
the calcium concentration in animals with other disorders. 


SURGICAL TREATMENT 


Parathyroidectomy is the treatment of choice for hyper¬ 
parathyroidism caused by parathyroid neoplasia and pri¬ 
mary hyperplasia. If the parathyroid glands are uniformly 
enlarged, secondary hyperparathyroidism should be sus¬ 
pected and other diagnostic tests performed to identify the 
cause (i.e., renal or nutritional secondary hyperparathy¬ 
roidism); however, enlargement of all four glands may occur 
with primary hyper plasia. If one or several glands are 
slightly enlarged, parathyroid adenomas or primary hyper- 


SURGICAL TECHNIQUE 


All four parathyroid glands should he carefully inspected. If 
the external parathyroid gland is involved, the gland can be 
removed without removing the thyroid gland; however, re- 
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THYROID CARCINOMAS IN DOGS 


moval of the internal parathyroid gland requires that thy¬ 
roidectomy be performed (see p* 318 ), The external parathy¬ 
roid gland should be spared when the internal parathyroid 
gland is neoplastic. Visualization of the abnormal parathy¬ 
roid gland may be facilitated with infusion of intravenous 
methylene blue in saline solution (see Table 24-20). Abnor¬ 
mal parathyroid tissue may stain dark blue with this proce¬ 
dure, A common side effect of methylene blue administra¬ 
tion is hemolytic anemia caused by Heinz body formation. 
Severe and occasionally fatal Heinz body anemia has been 
reported after the use of methylene blue. If carcinoma is sus¬ 
pected based on the apparent invasiveness ot the tumor, 
complete thyroidectomy and removal of draining lymph 
nodes are indicated. 


DEFINITIONS 


Thyroid neoplasms may be carcinomas (malignant) or ade¬ 
nomas (benign). Carcinomas may arise from follicular cells 
and may he classified as follicular, compact, papillary or 
mixed, or they may arise from parafollicular or C cells 
(medullary thyroid carcinomas). 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Thyroid neoplasms make up 1% to 4% of all tumors in dogs. 
Canine thyroid carcinomas are more common than adeno¬ 
mas (63% to 87% of canine thyroid tumors are carcinomas), 
whereas, functional adenomas prevail in cats (see the discus¬ 
sion of feline hyperthyroidism on p. 519), Adenocarcinomas 
generally are rapidly growing, highly invasive tumors that 
frequently metastasize to the draining lymph nodes and 
lungs. Reportedly, large tumors (i.e., those larger than 100 
cm 3 ) are always associated with pulmonary metastasis. Al¬ 
though histologic classification of thyroid tumors based on 
the predominant microscopic pattern has been done (e,g., 
compact cellular or solid, follicular, mixed solid follicular, or 
anaplastic), the histologic pattern has been thought to corre¬ 
late poorly with prognosis. However, a recent study suggests 
that medullary thyroid carcinomas are more apt to be well 
circumscribed and resectable and to have gross and histo¬ 
logic characteristics of a less malignant nature than are other 
thyroid carcinomas (Carver, Kapatkin, Patnaik, 3 995). Ec¬ 
topic thyroid tumors have been reported at the heart base, 
caudal mediastinum, and tongue. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Small fine instruments, such as iris scissors and Bishop- 
Harmon thumb forceps, facilitate removal of the parathyroid 
glands. Bipolar cautery forceps are advantageous for provid¬ 
ing hem os tas i s because t hey al 1 o w fi ner con t ro 1 of coagula - 
don than do unipolar forceps. Sterile Q-tips are useful for 
directing the parathyroid glands from the thyroid glands. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Hypocalcemia is the most common postoperative complica¬ 
tion in dogs; it may be less common in cats. Hypocalcemia 
may occur after removal of a single parathyroid adenoma, 
because negative feedback from high circulating levels of 
PTH suppresses function in the other normal glands, PTH 
has a functional half-life of 20 minutes, therefore PTH levels 
fall rapidly once neoplastic tissue has been removed. 
Hypocalcemia may be most pronounced in animals with 
higher preoperative serum calcium levels and those with 
marked skeletal demineralization. The treatment of hypocal¬ 
cemia is presented in Table 24-32; treatment should not be 
necessary tor prolonged periods in these patients. Renal 
function should be monitored postoperative!/ in patients 
with hypercalcemia. The prognosis tor long-term survival 
after parathyroidectomy for hyperparathyroidism secondary 
to adenomas or hyperplasia is excellent, if severe renal dam¬ 
age has not occurred. 


NOTE • Warn owners that surgical excision of ca¬ 
nine thyroid tumors usually is difficult because of the 
tumors' tnvasiveness. 


Tumors arising in cystic remnants of the thyroglossal 
duct are rarely reported in dogs. They are usually well cir¬ 
cumscribed, fluctuant, moveable enlargements in the ventral 
midline cervical region. Histologically they usually are well- 
differentiated papillary carcinomas. 

DIAGNOSIS 

Clinical Presentation 

Signalment. Thyroid neoplasia is most common in 
medium- to large-breed dogs; boxers, beagles, and golden 
retrievers may be predisposed to the condition. Most af¬ 
fected dogs are middle-aged or older (mean age, 9 years). A 

gender predisposition is not apparent. 

History. Affected animals often are presented for 
evaluation of a palpable cervical enlargement, dysphagia, 
dyspnea, coughing, voice change, and/or exercise 

Respiratory abnormalities may be the result of tra¬ 
cheal compression or pulmonary metastasis. In rare cases 
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beneficial for reducing tumor volume in animals after de 
bulking procedures; however, large doses are required. 


hyperthyroidism (i.e,, polydipsia, polyuria, weakness, rest¬ 
lessness, and a propensity to seek cool places) is associated 
with canine thyroid carcinomas. 

Physical Examination Findings 

A ventral cervical mass often is palpable. Carcinomas usually 
appear firm and poorly encapsulated; adenomas typically 
are small and freely moveable. Abnormal lung sounds may 
occur secondary to pulmonary metastasis. Bilateral ptosis 
and prolapse of the nictitating membrane may be associated 
with paralysis of the extraocular and intraocular muscles 
secondary to thyroid adenocarcinoma invasion of the cav~ 
ernous sinuses in dogs. 

Radiography, Ultrasonography, 
and Thyroid Imaging 

Cervical radiographs or ultrasonography usually reveals dif¬ 
fuse cervical edema and so ft tissue swelling caudal to the 
mandible and surrounding the trachea. The mass may be 
partly mineralized. Thoracic radiographs should be taken to 
identify pulmonary metastasis. Thyroid imaging (see p. 520) 
may reveal abnormal thyroid gland uptake (heterogenous 
uptake with “hot” and “cold" regions compared with normal 
thyroids or salivary gland uptake) and focal accumulations 
of the radiopharmaceutical in the kings, indicative of pul¬ 
monary metastasis. 

Laboratory Findings 

Cytologic evaluation of a fine-needle aspirate of the cervi¬ 
cal mass may reveal bizarre, pleomorphic cells consistent 
with neoplasia. Non diagnostic samples may be obtained if 
the sample is contaminated with blood or is hypocellular. 
Additionally, neoplastic follicular epithelial cells are frag¬ 
ile and often are broken during sample preparation. Hy¬ 
perthyroidism and hypothyroidism occasionally are asso¬ 
ciated with thyroid carcinomas; therefore measurement of 
free T* and endogenous canine thyroid-stimulating hor¬ 
mone (c r i SH) concentrations is warranted. Hematologic 
and serum biochemical results often are normal. Hypocal¬ 
cemia has been reported in a dog with a thyroid medullary 
carcinoma. 


SURGICAL TREATMENT 


Surgical excision of thyroid adenomas is the treatment of 
choice. Surgical removal of thyroid carcinomas often is dif¬ 
ficult because of their invasive nature and pronounced vas¬ 
cularity (Fig, 24-23) but should be considered if metastasis is 
not evident and the lesion is localized. Marginal excision 
(j.e., just outside the tumor pseudo capsule) in tumors that 
are freely moveable results in fewer complications than more 
extensive resection and does not appear to affect the local re¬ 
currence rate. Adjunctive radiation therapy or chemother¬ 
apy may be warranted if complete surgical excision is not 
possible. Chemotherapy may be indicated if debuIking is 
done in animals with metastasis. 


NOTE * Have blood for transfusion available dur¬ 
ing surgery because hemorrhage is often excessive. 


Preoperative Management 

Electrolyte and acid-base abnormalities should be corrected 
be fore s u rger y. Fluid t h e r a py sh o u Id be ini tiated b efo re su r- 
gery in geriatric patients with reduced renal function and in 
those that are dehydrated. 

Anesthesia 

In human beings, life-threatening thyroid storms are re¬ 
po r ted in tra ope rat i ve ly a n d afte r s urgery fo r thyroid tu mors, 
Clinical signs of tachycardia or arrhythmias may occur be¬ 
cause of catecholamine release, and treatment should be an¬ 
ticipated. It may be wise to avoid drugs that are arrhythmo 
genic (e.g., barbiturates and halo thane) in these patients, 

Surgical Anatomy 

The surgical anatomy of the thyroid glands is discussed on 
p. 517. Important structures that may adhere to or surround 
the tumor include the carotid artery, internal iugular vein, 




DIFFERENTIAL DIAGNOSIS 


Cervical swelling caused by thyroid neoplasia must be 
differentiated from abscesses, lymphadenopathy, or 
sialoadenopathy. This usually can be done by cytologic eval¬ 
uation of fine-needle aspirates. 


MEDICAL MANAGEMENT 


Dogs with thyroid carcinomas, particularly if hyper thyroid, 
may be palliated with radioactive iodine ( 131 1); however, 
much larger doses of 131 1 appear to be necessary in dogs than 
in cats with thyroid adenomas. These large doses require 
lengthy hospital stays and make this treatment prohibitively 
expensive for many owners. Chemotherapy with doxoru¬ 
bicin may benefit animals in which complete excision is not 
possible. External beam (cobalt) radiation therapy appears 


PIG 24-23 

Thyroid carcinoma in a dog. Note the invasiveness of the 
tumor. 
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Chapter 24 


PROGNOSIS 


recurrent laryngeal nerve, and esophagus. These structures 
should be identified and preserved, if possible, during the 
dissection. 


The prognosis is guarded for thyroid carcinomas and depends 
on the tumor s size and resectability and whether metastasis 
has occurred. Surgical excision alone was used to treat 20 dogs 
with thyroid carcinomas that were freely moveable and with 
no evidence of metastasis (Klein et al. T 1995), The median and 
mean survival times was 20 l / 2 months. In another study, the 
progression-free survival times for dogs with large, nonre- 
sectable thyroid carcinomas treated with megavoltage irradia¬ 
tion was 80% at 1 year and 72% at 3 years (Theon et al., 2000), 
Cisplatin chemotherapy resulted in a mean survival time of 
approximately 200 days in dogs with large tumors that were 
fixed to the underlying tissues (Fineman et al, 1998), The 
prognosis for thyroid adenomas is excellent. 


Positioning 

The animal is placed in dorsal recumbency with the neck 
slightly hyper ext ended. The front limbs should be tied back, 
away from the neck. The entire neck, cranial thorax, and 
caudal intermandibular space should be clipped and pre¬ 
pared for aseptic surgery 


SURGICAL TECHNIQUE 


ventral midline incision over the thyroid glands. 


Moke a 

identify the neoplastic mass and adjacent structures. If nec¬ 
essary, ligate the carotid artery and jugular vein, 

(thyroid and parathyroid glands} by a combination of 

remove abnormal 


Remove the 
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mass 

sharp and blunt dissection, identify and 
cervical lymph nodes . Use electrocautery and ligation to 
provide hemostasis . Inspect the contralateral thyroid and 
biopsy or remove if indicated. Close the incision routinely. 

Submit tissue for histologic evaluation (Fig. 24-24 } , 
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Brearky MJ, Hayes AM, Murphy S: Hypoff actions ted radiation 
therapy for invasive thyroid carcinoma in dogs: a retrospective 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


These tumors frequently are very vascular, and electro- 
cautery is useful for obtaining hemostasis. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


A light pressure wrap may be used postoperative!) to help 
reduce hemorrhage and swelling; however, it should be 
placed with care and monitored to prevent airway obstruc¬ 
tion, The hematocrit should be monitored pos toper at ively 
and transfusions given as needed. If unilateral thyroparathy- 
roidectomy is performed, the animal should be observed tor 
hypocalcemia or hypothyroidism, but supplementation usu¬ 
ally is not necessary. If bilateral thyroparathyroidectomy is 
performed, vitamin D, calcium, and thyroid supplementa¬ 
tion should be initiated postoperatively (see p. 524). 


Selected abstracts of recent manuscripts 

Becker TJ* Graves TK, Kruger JM, Braselton WE, 
Nachreiner RE Effects of methimazole on renal function in 
cats with hyperthyroidism. / Am Anim Hasp Assoc 36:215, 
2000, Twelve cats with hyperthyroidism and 10 clinically 
normal cats were included in the study After initial evalua¬ 
tion, hyperthyroid cats were treated with methimazole until 
euthyroidism was achieved. Both groups of cats were then 
reevaluated by repeating the initial tests 4 to 6 weeks later. 
The mean (± standard deviation) pretreatment estimated 
glomerular filtration rate (GFR) for the hyperthyroid cats 

significantly higher (3,83 ± 1.82 ml/kg/minute) than 
that of the control cats (1 .83 ± 0.56 ml/kg/minute). Control 
of the hyperthyroidism resulted in a significantly decreased 
mean GFR of 2.02 ± 0.81 ml/kg/minute compared with pre- 
treatment values. Two of the 12 hyperthyroid cats developed 
abnormally high serum creatinine concentrations after 
treatment. The results provide evidence that cats with hy¬ 
perthyroidism have an increased GFR and that treatment of 
feline hyperthyroidism with methimazole reduces the GFR. 

Greco DS, Peterson ME, Davidson AP, Feldman EC, 
Komurek K, Concurrent pituitary and adrenal tumors in 
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FIG 24-24 

A well-encapsulated thyroid carcinoma in a dog. Note the 
areas of necrosis in the gland. 
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The serum total calcium, ionized calcium, phosphorus, and 
parathyroid hormone (PTH) concentrations were moni¬ 
tored daily for 5 to 7 days and then at I, 3, and 6 months al¬ 
ter the procedure. The dogs were also monitored for adverse 
effects. Follow-up ultrasonography was performed 5 days 
and i month after the ablation procedure. One injection was 
required in 7 dogs, and two injections were required in 1 
dog. The serum total and ionized calcium concentrations 
were within reference ranges wi thin 24 hours after treatment 
in 7 dogs and within 5 days in 1 dog. Transient hypocalcemia 
developed in 4 dogs during the first 5 days after treatment, 
but only l dog required treatment for hypocakemic tetany. 
The authors concluded that ultrasound-guided chemical ab¬ 
lation of parathyroid masses is a safe and effective alternative 
to surgery for dogs with primary hyperparathyroidism. 

Martin KM, Rossing MA, Ryland LM, DiGiacomo RF, 
Freitag WA, Evaluation of dietary and environmental risk 
factors for hyperthyroidism in cats. / Am Vet Med Assoc 
217:853, 2000, A case-control study was conducted using 
100 cats with hyperthyroidism and 163 control cats. Affected 
cats were significantly less likely to have been born recently 
than control cats. Cats that preferred fish or liver and giblets 
flavors of canned cat food had a higher risk of hyperthy¬ 
roidism than other cats. The results of this study suggested 
that cats that prefer to eat certain flavors of canned cat food 
may have a significantly increased risk of hyperthyroidism. 

Theon AP, Marks SL, Feldman ES, Griffey S. Prognostic 
factors and patterns of treatment failure in dogs with un- 
resectable differentiated thyroid carcinomas treated with 
megavoltage irradiation. / Am Vet Med Assoc 216:1775 s 
2000. A prospective clinical trial was conducted using 23 
dogs with locally advanced thyroid carcinomas and no evi¬ 
dence of metastasis to determine the quality 1 and duration of 
progression-free survival (PF5) in dogs with un resec table 

thyroid carcinomas treated with definitive megavoltage irra¬ 
diation. Prognostic factors for PFS and patterns of failure 
(local recurrence or metastasis) were also analyzed. The dogs 
were treated with 48 Gy over 4 weeks. Irradiation was safe 
and effective for treatment of these dogs. The time to maxi¬ 
mum tumor size reduction ranged from 8 to 22 months. 
Twenty-eight percent of the dogs (7 of 25) developed metas¬ 
tasis. Dogs with bilateral tumors had 16 times the risk of de¬ 
veloping metastases compared with dogs with a single tu¬ 
mor. The authors concluded that irradiation is effective for 
local control of thyroid tumors despite their slow regression 
rate. The results provided evidence that local tumor control 
affects metastatic outcome in dogs with thyroid carcinomas. 
The authors concluded that improvements in local tumor 
control alone may be insufficient to improve survival time 
because of the high risk of metastatic spread before an initial 
diagnosis is made, which warrants initiation of early sys¬ 
temic treatment. 


dogs with hyperadrenocorticism: 17 cases (1978-1995), / 
Am Vet Med Assoc 214:1349, 1999. Seventeen client-owned 
dogs were studied retrospectively to describe the clinico- 
pathologk characteristics of dogs with hypoadrenocorti¬ 
cism and concurrent pituitary adrenal tumors. On the basis 
of results of adrenal function tests and histologic examina¬ 
tion of tissue specimens collected during surgery and 
necropsy, concurrent pituitary and adrenal tumors were 
identified in 17 of approximately 1500 dogs with hypera¬ 
drenocortidsin. During high-dose dexamethasone suppres¬ 
sion testing of 16 dogs, serum cortisol concentrations re¬ 
mained high in 11 dogs but decreased in 5 dogs. Plasma 
concentrations of endogenous adrenocorticotropic hor¬ 
mone (ACTH) were either high or within the higher limits 
of the reference range (12 of 16 dogs), within the lower lim¬ 
its of the reference range (2 of 16), or low (2 of 16). Pituitary 
lesions included a chromophobe microadenoma (12 ol 17 
dogs), macroadenoma (4 of 17), and carcinoma (1 of 17). 
The authors concluded that pituitary and adrenal tumors 
may coexist in dogs with hyperadrenocorticism* resulting in 
a confusing mixture of test results that may complicate the 
diagnosis and treatment of hyperadrenocorticism, 

Hoerauf A, Reusch C Ultrasonographic characteristics of 
both adrenal glands in 15 dogs with functional adrenocor¬ 
tical tumors, / Am Anim Hosp Assoc 35:193, 1999, Ultra¬ 
sonographic examination of both adrenal glands was per¬ 
formed in 15 dogs, and unilateral tumors were diagnosed in 
12. Adrenal tumors were characterized by adrenal gland en¬ 
largement with loss of the normal shape and parenchymal 
structure. Fhe contralateral adrenal gland could be imaged 
in all dogs with unilateral tumors. Based on size, shape, and 
parenchymal structure, Lhe contralateral adrenal gland was 
similar to the adrenal glands of normal dogs. The authors 
concluded that (1) both adrenal glands should be imaged 
routinely in dogs with hyperadrenocorticism; (2) bilateral 
adrenocortical tumors seem to occur more often than previ¬ 
ously assumed; (3) one normal adrenal gland does not ex¬ 
clude the existence of a contralateral functional adrenal 
gland tumor (FAT); and (4) the functional atrophy of the 
contralateral adrenal gland in dogs with FAT may not be ap- 
p a ren t ul t r a so n o g rap h i cal ly. 

Long GD, Goldstein RE, Horno? WJ, Feldman EG, Nyland 
TG. Percutaneous ultrasound-guided chemical parathy¬ 
roid ablation for treatment of primary hyperparathy¬ 
roidism in dogs, / Am Vet Med Assoc 215:217, 1999, The 

purpose of this study was to evaluate the efficacy, feasibility, 
and safety of ultrasound-guided chemical ablation of 
parathyroid masses in dogs with primary hyperparathy¬ 
roidism. A prospective clinical trial using eight dogs was per¬ 
formed. After a mass was ultrasonographically identified in 
all the dogs, ethanol (96%) was injected into the mass until 
there was evidence of diffusion of fluid throughout the mass. 




CHAPTER 

Surgery of the 
Hemolymphatic System 
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The mandibular, superficial cervical, superficial inguinal, 
and popliteal lymph nodes are palpable in most animals 
(Fig* 25-1). The tonsils may be visualized in the oral cavity, 
and facial lymph nodes may be found in some normal ani¬ 
mals. In dogs, the axillary, accessory axillary, cervical, 

femoral, and retropharyngeal lymph 
pa hie only when enlarged; however, in cals, the axillary node 
may be located readily, even when it is only moderately en- 
larged. Unless the animal is extremely thin or cachectic, sub- 
lumbar and mesenteric lymph nodes must be enlarged to be 
detected on rectal or abdominal palpation. The texture of 
the enlarged node and sensitivity to pressure or manipula¬ 
tion should be noted. Acute enlargement (he., suppurative 

be associated with pain, but lymphoid 

painless enlargement. Metastatic 
and fungal infections sometimes cause nodes to 


Surgery of the Lymphatic 

system 
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GENERAL PRINCIPLES 
AND TECHNIQUES 




1 


DEFINITIONS 


Tissue for histopathologic examination of lymph nodes may 
be obtained by removing the entire node (lymphadenec- 
tomy) or by excising a portion of it. Lymphangiomas are be¬ 
nign tumors of peripheral lymphatics, and lymph angiosar¬ 
comas are malignant tumors of peripheral lymphatics. 


lymphadenitis) c an 

neoplasia usually causes 
neoplasia 

become fixed to surrounding tissues. Clinical signs may re¬ 
sult from lymphadenopathy (e.g., coughing because of tra¬ 
cheal compression by enlarged hilar lymph nodes or consti- 
pa t ion as a result o f s ublumbar 1 ym ph adenop a t hy). Su rvey 
radiographs may detect internal lymphadenopathy. Thoracic 
films should be examined for evidence of mediastinal, hilar, 


PMOPERATIVE CONCERNS 


Lymphudenomegaly is one of the more common lymphatic 
abnormalities of dogs and cats. Lymphadenopathy may be 
the result of infection, inflammation, neoplasia (metastatic 
oi primary), or systemic disease. When examining an ani¬ 
mal with lymphadenopathy, it is important to determine 
whether the enlargement is generalized or localized (re¬ 
gional). With localized lymphadenopathy, areas drained by 
the node should be examined for evidence of infection, in¬ 
flammation, or neoplasia. Cytologic evaluation of lymph 
node aspirates may help determine the underlying disease 
process. Fine-needle aspirates and/or fine-needle 
biopsies should be done before lymph node biopsy, because 
neoplastic cells or fungal elements occasionally are noted. 
However, nondiagnostic aspirates may be obtained in ani¬ 
mals with well-differentiated tumors and in those with 
focal infection or neoplasia. The reader is referred to a 
medicine text for an in-depth discussion of lymph node 
cytolo gy. 


sternal lymphadenopathy; abdominal radiographs may 
reveal ventral deviation of the descending colon caused by 

su blumbar lymphadenopathy. 

Lymphangiomas are rare, benign neoplasms originating 

from lymphatic capillaries. They are believed to be develop¬ 
mental anomalies associated with failure of primitive lym¬ 
phatic sacs to establish venous communication. These en¬ 
dothelial sprouts continue to grow, infiltrate surrounding 
tissues, cause pressure and subsequent necrosis, and form 
cystic structures. They typically manifest as large, fluctuant 
swellings that are noticed incidentally or because of interfer- 

with normal structures as a result of expansive growth. 
They have been identified arising from subcutaneous tissue, 

pharynx, and the retroperitoneal space of dogs. Affected 
dogs usually are middle-aged or older; however, lymphan¬ 
giomas may occur in young dogs. Treatment for lymphan¬ 
gioma is complete surgical excision or marsupialization. 
Lymphangiosarcomas (Fig. 25-2) are malignant tumors that 
arise from lymphatic capillaries. They are locally aggressive, 


or 


c o re 


n aso 


NOTE • If several lymph nodes are enlarged, do 

the submandibular node, because this 
node tends to be more reactive. 
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FIG 25-3 


Structure of o lymph node, showing afferent and efferent 

drainage. 


ANTIBIOTICS 


Perioperative antibiotics are seldom indicated in animals 
undergoing lymph node biopsy or removal 


SURGICAL ANATOMY 


Lymph nodes are bean-shaped structures with a convex sur¬ 
face and a small flat or concave hilus (Fig. 25-3). They usu¬ 
ally are found encased in fat at flexor angles or joints, in the 
mediastinum and mesentery, and in the angle formed by the 
origin of larger blood vessels, 1 


SURGICAL TECHNIQUES 


FIG 25-2 


Massive head and neck swelling in a dog with diffuse 
lymphangiosarcoma. 


Lymph node biopsy is easy and relatively inexpensive, and it 
provides valuable information. There are no absolute con¬ 
traindications to lymph node biopsy. Significant hemostatic 
disorders should he corrected p re operatively if possible, and 
care must be taken to ligate blood vessels properly. 

The selection of a lymph node ro be biopsied is based on 
the clinical findings. With generalized Jymphadenopathy, the 
popliteal, inguinal, and prescapular lymph nodes are the 
preferred sites; at least two nodes should be biopsied. The 
mandibular lymph node and nodes draining the gastroin¬ 
testinal tract should not be chosen for biopsy in these pa¬ 
tients because their morphologic appearance often \& dis¬ 
torted by reactive hyperplasia caused by constant antigenic 
exposure. 


and metastasis has been reported to regional lymph nodes, 
the lungs, spleen, kidneys, and bone marrow. Even without 
metastasis, the local invasiveness of this tumor often calls for 
euthanasia. Surgical management may be considered; how¬ 
ever, cures are unlikely. Histologically, lymphangiomas and 
lymphangiosarcomas are composed of vascular spaces lined 
by endothelial cells and focal lymphoid aggregates divided 
by connective tissue stroma. Unlike in hemangiomas, the 
cystic spaces are not filled with blood. 


i 


ANESTHETIC CONSIDERATIONS 




Superficial (e.g., popliteal) nodes can be excised using local 
anesthesia and sedation if the patient's condition dictates; 
however, short-duration general anesthesia usually facili¬ 
tates extirpation. 


Tru-Cut Biopsy 

If the lymph node is large enough, a 14- to 16-gauge Tru-Cut. 
type needle can be used to obtain a core of tissue. 
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FIG 25-4 


A, Incisional (wedge) biopsy of lymph nodes occasionally is performed. Use a No. 15 
scalpel blade to remove a wedge-shaped section of the parenchyma. B, Place a horizontal 
attress suture of absorbable suture material to close the incision. 


m 




SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Incisional Biopsy 

Incisional (wedge) biopsy of lymph nodes is indicated when 
lymphadenectomy may be difficult because of a node’s size 

or location (ie M nodes that are located dose to major vessels 
or nerves), 

Use o No. 15 scot pet blade to remove a w edge-shaped 
section of the parenchyma (fig. 25-4 , A) and place the 
sample in a buffered formalin solution . To provide hemo¬ 
stasis , place a horizontal mattress suture of absorbable su¬ 
ture material fee., 3-0 chromic catgut) to close the incision 

(Fig. 25-4 , BJ, 

Lymphadenectomy 

Prepare the skin overlying the lymph node for aseptic .sur¬ 
gery immobilize fee lymph node firmly in one hand and 
make on incision in the overlying skin. Bluntly dissect fee 
node from surrounding tissue. Generally a vessel near the 
hilus of the node requires ligation to prevent postoperative 
hemorrhage . Handle the node gently to prevent damage 
and distortion of the lymph node tissue . Section the node to 
provide sampies for aerobic and anaerobic cuitures / fungal 
cultures, and histopathologic and cytologic evaluations. 
Mote impression smears by lightly blotting the cut edge of 
fee node with absorbent paper and touching the sample 
lightly to a glass slide before placing it in formalin. Close 
dead space and suture the skin routinely 


Special instruments are not required for lymph node biopsy 
or removal Absorbable suture should be used in the lymph 
node parenchyma. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


After lymphadenectomy, the patient should be observed 
for swelling at the surgical site. Swelling usually is associ¬ 
ated with hematoma formation as a result of inadequate 
hemostasis or with seroma formation if dead space was not 
obliterated. 


COMPLICATIONS 


Manipulation of a tumor during biopsy procedures may 
transiently increase the number of neoplastic cells present in 
the lymphatic and vascular systems; however, subsequent 
metastasis has seldom been substantiated. A hematoma may 
develop if vessels are not ligated adequately. 


SPECIAL AGE CONSIDERATIONS 


The age and physical condition ot animals with lym- 
phadenopathy must be considered. Increased lymph node 
size may be expected in young animals as part of an appro¬ 
priate immunologic response. As an animal ages, lymph 
nodes usually decrease in size, making nodes difficult to pal¬ 
pate. Loss of fat that normally surrounds the nodes in 
cachectic patients may make the nodes prominent. 


J 


HEALING OF THE LYMPHATIC SYSTEM 


The lymphatics usually heal rapidly. Lymphedema is rare 
after lymphadenectomy because collateral pathways form. 

11 lymphedema occurs, it usually is transient and seldom 
requires specific therapy. Frequently, prolonged obstruc- 
tion of lymphatics may cause a lymphaticovenous anasto¬ 
mosis to o pen or form, providing an alternate pathway for 
lymph flow. 


u 


re 


Belanger MC et ah Invasive multiple lymphangiomas in a young 

dog, / Am An im Hasp Asso c 35:507,1999, 

Foss urn TW, Miller MW, Mack i e IT: Lymph angiosarcoma in a dog 
presenting with massive head and neck swelling,/ Am Amm Hasp 

Assnc 34:301,1998. 
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because of heart failure) may also cause 1 ym- 


Stobie D, Carpenter fh: Lymph angiosarcoma of the mediastinum, 
mesentery, and omentum in a cat with chylothorax, ] Am Anim 
Hosp Assoc 29:78, 1993. 


tion (Le 

phedema by reducing fluid resorption. Secondary lym¬ 
phedema can result from neoplasia or infiltration ol lymph 
nodes by filaria, such as Wuchereria hancwfti and Brugia 
timori and from lymphoproliferative disorders. 






SPECIFIC DISEASES 




•y r* 


wmt 


NOTE • Lymphedema may be caused by primary 
lymphatic abnormalities or may occur secondary to 
other diseases or surgery. Distinguishing between 
primary and secondary 'lymphedema often rs diffi¬ 
cult, The age of onset oF clinical signs does no! help 
distinguish the two conditions in many cases be 
cause middle-aged animals may have acute signs of 
lymphedema that occur secondary to congenital lym¬ 
phatic abnormalities. 


LYMPHEDEMA 


DEFINITIONS 


Lymphedema is an accumulation of fluid in the interstitial 
space. Primary lymphedema is caused by an abnormality or 
disease of lymph vessels or lymph nodes; secondary lym¬ 
phedema occurs as a result of lymphatic obstruction of the 
nodes or vessels by neoplasia, filariasis, lymphoproliferative 
disorders, or surgery. 


DIAGNOSIS 

Clinical Presentation 

Signalmenh Primary lymphedema usually is noted at 
birth or shortly thereafter; however older animals may de¬ 
velop lymphedema associated with congenital abnormali¬ 
ties. The lymphatic system may function normally until a 
precipitating cause (e,g., infection, trauma, or surgery) over¬ 
whelms the marginal lymphatic system. Congenital, heredi¬ 
tary lymphedema has been reported in bulldogs and poo¬ 
dles. A gender predisposition is not evident 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Lymphedema results from a disturbance of the equilibrium 
between the amount of fluid in the interstitial space that 
needs to be cleared (capillary filtrate) and the capacity of the 
lymphatic and venous systems to remove this fluid. Possible 
causes include (1) overload of the lymphatic system, (2) in- 
adequate collection by the lymphatic terminal buds, (3) ab¬ 
normal lymphatic contractility, (4) insufficient lymphatics, 
(5) lymph node obstruction, and (6) central vessel (i.e., tho¬ 
racic duct) defects. Regardless of the cause, when capillary 
filtration exceeds the combined resorptive capabilities of the 
venous and lymphatic systems, edema results. This edema is 
relatively protein rich ( 2 to 5 g/dlL Because of the resultant 
high osmotic pressure, additional fluid is pulled into the in¬ 
terstitial space, worsening the edema. If the lymphatic sys¬ 
tem cannot adequately drain this interstitial fluid, collagen 
deposition and fibrosis may result. Hence, although the early 
stages are reversible, chronic edema is associated with thick¬ 
ening and fibrosis of tissues, making treatment difficult. The 
domestic species most commonly reported to have lym¬ 
ph edema is the dog. 

Lymphedema may be a result of a primary defect in the 
lymphatic system or may occur secondary to other diseases 
surgical procedures. Distinguishing between primary and 
secondary lymphedema often is difficult. Lymph node ob¬ 
struction, although more commonly associated with sec¬ 
ondary lymphedema, has been associated with primary lym¬ 
phedema. Many of the dogs reported with primary 
lymphedema have had small or absent lymph nodes. Perhaps 
the initial defect in some dogs with lymphedema is fibrosis 
of the lymph nodes, which leads to secondary obstructive 
changes in the lymphatic vessels. As the vessels dilate, they 
lose contractility, and the lymphatic valves become perma¬ 
nently nonfunctional. Secondary lymphedema may be 
caused by conditions that increase the rate of interstitial 
fluid formation as a result of altered capillary permeability 
te.g., trauma, heat, irradiation, or infection). Venous conges- 


NOTE * Congenital lymphatic abnormalities may 
not cause lymphedema until the animal is several 
years old. Clinical signs of primary lymphedema 
may be precipitated by infection, trauma, or surgery. 


History, The age of onset, progression of disease, extent 
of involvement (unilateral or bilateral, pelvic limb or fore¬ 
limb), and history of previous surgery, trauma, or exposure 
to infectious agents should be ascertained. Lymphedema 
typically manifests as a spontaneous, painless swelling of the 
extremities with pitting edema. The onset may be insidious. 
The rear limbs are more commonly affected, and the 
swelling may be unilateral. Lymphedema usually begins in 
the distal extremity and progresses proximally. In severely af- 
fe ct ed amnia Is, aII fo u r 1 imb s and the t ru n k may be ede ma¬ 
tous, Although the patient may be less active than normal 
because of the weight of the limb or may carry the limb 
when ambulating, lameness and pain are uncommon with¬ 
out massive enlargement or cellulitis. 

Physical Examination Findings 

The diagnosis of lymphedema usually is made on the basis of 
clinical signs (Fig. 25-3). The limb generally is not excessively 
warm or cool. Although the condition often is bilateral the 
degree of swelling frequently is greater in one limb. Occa¬ 
sionally the swelling may be precipitated by minor trauma or 
superficial skin infections. As the edema becomes chronic, fi¬ 
brosis occurs, and the edema tends to progressively pit less 


or 
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and determine the size, extent, and location of the fistula. 
The physical examination should eliminate systemic causes 
of bilateral edema, including heart failure, renal failure, cir¬ 
rhosis, and hypoproteinemia. Other differential diagnoses 
include trauma, neoplasia, and foreign bodies. 


MEDICAL MANAGEMENT 


In the early stages of lymphedema, belore the development of 

fibrosis, nonsurgical therapy may reduce the swelling and 

make the patient more comfortable, Nonsurgical therapy 

consists of heavy bandages or splints that exert pressure on 

the limb, meticulous care of the skin to avoid infection, 

of antibiotics to treat and 


weight control, and appropriate use 

cellulitis and lymphangitis. Drugs that have been 


prevent 

used to treat human patients with lymphedema include 
steroids, diuretics, anticoagulants, and fibrinolysin inhibitors. 
For the most part, the proposed benefits of these pharmaceu¬ 
ticals have not been substantiated. Long-term treatment ot 
lymphedema with diuretics, which initially reduce the size of 
the limb, is contraindicated. Diuretics act by removing fluid 
from the tissues; proteins that are not reabsorbed become in¬ 
creasingly concentrated, further damaging tissues. 


FIG 25*5 

A 2-year-old boxer with lymphedema. Note the massive 
swelling of the right rear limb. 


until pitting is absent. With chronic edema, massage and rest 
do not appreciably reduce the size of the limb. 


NOTE • Medical therapy often is ineffective in sub¬ 
stantially reducing swelling caused by lymphedema; 
however, medical management has received little at¬ 
tention m veterinary medicine. Amputation is a rea¬ 
sonable alternative for unilateral lymphedema, par¬ 
ticularly when it interferes with limb function and 
initial medical management is ineffective. 


Lymphography and Lymphoscintigraphy 


The classic diagnostic tool has been direct lymphography 
(see below for a description ol the technique). Oil- based 
contrast media are contraindicated in patients with primary 
lymphedema, because the high volume ot contrast medium 
necessary to visualize the lymphatics and the propensity for 
extravasation may further damage existing lymphatics. Lym¬ 
phoscintigraphy, an alternative method ot imaging the pe¬ 
ripheral lymphatics, involves intradermal injection of high- 
molecular-weight, radiolabeled colloids. 


The benzopyrenes are a group of drugs that have been 
used to successfully treat experimental lymphedema in dogs 
and spontaneous lymphedema in human beings. All the 
drugs in this group appear to reduce high-protein edema. 
Their main action appears to be stimulation of macrophages, 
which promotes proteolysis. Protein fragments can then be 
reabsorbed into the blood. These drugs are active orally and 
topically, are inexpensive, and are relatively free ot side ef¬ 
fects. Included in this category of drugs are coumarin {5,6 
benzo-[ct]-pyrone), 0~((1-hydroxy-ethyl)-rutosides, dios- 
min, and rutin. Recommended dosages for human beings 
440 mg/day of coumarin and 3 g/day for rutosides, diosmin, 
and rutin (Table 25-1). Although these drugs (e,g„ rutin) are 


laboratory Findings 

No specific laboratory abnormalities are 
phedema. 


found with lym- 


DIFFERENTIAL DIAGNOSIS 


are 


The key differential diagnosis is abnormality of the venous 
system, such as venous stasis or arteriovenous 
clinical signs usually are adequate to differentiate lym¬ 
phedema from edema caused by venous obstruction. Typical 
changes with edema caused by venous obstruction include 

stasis hyperpigmentation, and cutaneous ulceration. 
Arteriovenous fistulae are vascular abnormalities in which a 
direct communication exists between an adjacent artery and 
They may be congenital or acquired (e.g., after trauma, 
neoplasia, infection, or iatrogenic ligation of an artery and 
vein together). Clinical signs with arteriovenous fistulae 
vary depending on the location; however, palpation of 
strong pulsatile vessels, often with a fremitus, or thrill, and 
auscultation of a machinery murmur, or bruit, are classic 
findings. Angiography is necessary to confirm the diagnosis 


fistula. T he 


(» 


| TABLE 25-1 




varices 


Benzopyrones for the Treatment of Lymphedema 


Rutin* 

50-100 mg/kg given orally three times a day 


vein. 


*This is one drug in the family of benzopyrones; other drugs may 
be a$ or more effective. The dose Is an extrapolation of that used in 

human beings; side effects appear 
not been performed. 


but controlled studies have 


rare 
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being investigated for spontaneous lymphedema in dogs, 
their efficacy currently is uncertain. 


SURGICAL TREATMENT 


Except for amputation, no current surgical treatment offers 
a cure for lymphedema. Numerous therapies have been de¬ 
scribed in human patients, including ly mphangiop 1 asty, 
bridging procedures, lymphatico venous shunts, omental 
transposition, superficial to deep anastomosis, and excision 
(with or without skin grafting). These techniques have not 
been adequately evaluated in dogs with spontaneous lym¬ 
phedema. Lymphangiography rarely provides information 
that helps manage animals with spontaneous lymphedema, 
but it occasionally defines the underlying lymphatic abnor¬ 
mality (i.e., hypoplasia, aplasia, or hyperplasia of lymphat¬ 
ics). It is a tool that must be correlated with other historical 
and physical findings. Biopsy samples of affected tissues 
should be submitted because lymphangiosarcoma, a highly 
malignant neoplasm, has been reported to occur in human 
beings with long-standing lymphedema. The technique for 
lymphangiography is described below. 


FIG 25-6 


Pedal lymphangiography. Evans blue dye is injected 
interdlgitally before pedal lymphangiography. A 5cm 
longitudinal incision is made on the dorsomedlal aspect of 
the metatarsus, and a combination of sharp and blunt 
dissection is used to identify the blue-stained superficial 
metatarsal lymphatic vessel. Use small, blunt probes to 
meticulously clear the lymphatic of all subcutaneous tissues. 


NOTE • Biopsies should be performed in lynn- 
phedematous animals to rule out neoplasia. Neo¬ 
plastic transformation of chronically edematous tis¬ 
sue may occur 


Preoperative Management 

Perioperative antibiotics are indicated in patients undergo¬ 
ing lymphangiography because the risk of subsequent lym¬ 
phangitis is high. Before other p re operative procedures, in¬ 
ject 1 Fill of 3% Evans blue dye between the second and third 
or third and fourth digits to aid in the visualization and can¬ 
nula ti on o f lymph at i cs. 

Anesthesia 

G eneral a ne sthes i a i s requ i re d fo r direct ly m p h angiogr a phy 

Surgical Anatomy 

The lymphatic system of the extremities can be divided into 
two parts, the superficial lymphatics and the deep, or mus¬ 
cular, lymphatics. The superficial system appears to be the 
one most commonly involved in lymphedema. This is the 
system of lymphatics observed during pedal lymphangiog¬ 
raphy (Fig. 25-6). These lymphatics empty into a valved 
group of vessels found at the junction of the dermis and sub¬ 
cutaneous tissue. Lymph then drains into afferent lymphat¬ 
ics in the subcutaneous fat. The superficial lymphatics of the 
pelvic limb consist of a larger medial group and a smaller 
lateral group. Lymphatics follow the branches of the medial 
saphenous vein and drain into the superficial inguinal 
lymph nodes. Efferent lymphatics from the lymph nodes 
drain into the larger lymphatic ducts. The deeper lymphat¬ 
ics drain the fascial planes surrounding skeletal muscles 
(lymphatics are not found in skeletal muscle bundles), 
joints, and synovium. Deep lymphatic collector vessels ac¬ 


company the main blood vessels of the extremities. Contro¬ 
versy exists as to whether the two lymphatic systems (super¬ 
ficial and deep) communicate; however, communications 
usually appear to be a result of a lymphatic pathologic con¬ 
dition or a response to abnormal lymph flow. The lumbar 
lymph trunks receive vessels from the pelvic limbs, abdomi¬ 
nal lymph nodes, and the intestines before uniting to form 
the cisterna chyli. 

Positioning 

Position the animal on the radiology table in lateral recum¬ 
bency with the affected limb down and the opposite limb re¬ 
tracted from the radiographic field. Prepare and drape the 
dorsomedial aspect of the metatarsus for aseptic surgery 


SURGICAL TEGHNQUE 

Direct Lymphangiography 


Make a 5-cm skin incision over the 


mi ddors omediol 

metatarsal region . Use sharp and blunt dissection until a 

blue-stained, superficial metatarsal lymphatic vessel is iden¬ 
tified (Fig. 25-7}. Meticulously dissect the lymphatic free from 

surrounding tissue with fine , blunt dissection probes and 
can nulate the lymphatic using a lymph duct cannulator or a 
27- or 30-gauge aver-fhe-needle catheter. Inject a small 
amount of sterile saline into the catheter or connulator to ver¬ 
ify patency. Then manually infuse an aqueous-based radi¬ 
ographic contrast agent into the lymphatic vessel Take radi¬ 
ographs immediately after the injection (Fig, 25-8); 

additional radiographs may be made , depending on the 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


If the lymphatics appear abnormal in character or quantity 
or if an obvious obstruction is not noted on the lymphan- 
giogram, medical therapy or amputation should be consid¬ 
ered. The patient should be observed for swelling or worsen¬ 
ing of the edema after the procedure. 




PROGNOSIS 






Primary lymphedema seldom resolves spontaneously. Neo¬ 
plastic change in chronic lymphedematous tissue has been 
reported in human beings and may be a concern in animals. 














Suggested reading 


Foss tun TW, Miller MW: Lymphedema* I, Etiopat biogenesis, / Vet 
Intern Med 6:283, 1992. 

Possum TW et ai: Lymphedema* TL Clinical signs, diagnosis, and 
treatment, / Viu Intern Med 6:312,1992. 
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DEFINITIONS 


Splenomegaly is enlargement of the spleen arising from any 
cause. Splenectomy is surgical removal of the spleen. 
SplenosLs is the congenital or traumatic presence of multiple 
nodules of normal splenic tissue in the abdomen. Siderotic 
plaques are brown or rust-colored deposits of iron and cal¬ 
cium that may be found on the splenic surface (Fig. 25-9). 


PREOPERATIVE CONCERNS 


Animals with surgical diseases of the spleen often have either 
diffuse or focal splenomegaly. Diffuse (symmetric) spleno¬ 
megaly may be attributed to congestion (e.g., splenic tor¬ 
sion, right-sided heart failure, gastric dilatation-volvulus, or 
drugs) or infiltration as a result of infection (e.g., fungal, 
bacteria, or viral), immune-mediated disease (e.g., immune- 
mediated thrombocytopenia), or neoplasia (e.g., lymphosar¬ 
coma or feline mastocytosis). Focal (asymmetric) spleno¬ 
megaly may be caused by benign processes (e.g,, nodular 
regeneration, hematoma [see p, 3441, or trauma) or neoplas¬ 
tic processes (e.g., hemangiosarcoma (see p, 544]). Infiltra¬ 
tive splenomegaly resulting from neoplasia is one of the 
most common causes of spontaneous (noniatrogenic) 
splenomegaly in dogs and cats. 

Anemia may be present because of acute hemorrhage as¬ 
sociated with splenic trauma or rupture of a hematoma or 
arising from an underlying disease (Le<, chronic infection, 
immune-mediated disease, or disseminated intravascular 
coagulation | Did]), Coagulation profiles should be done in 


FIG 25*8 


Lympbangiogram of a dog with lymphedema. Note the 
dilated, tortuous lymphatics. Compare this to the 
lymph a ng i og ra m of a normal dog in Fig. 25-6. 


rare of lymph of ic transport of the contrast agent , which 
varies from patient to patient. Upon completion of the lym- 
phangiogrom, withdraw the cannulator, ligate the lymphatic 
L&sef and close the incision in a routine fashion . 




SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


A commercial lymphatic duct cannulator, such as a Tegt- 
meyer lymph duct cannulator, may facilitate can nidation of 
the lymphatic vessel. 
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tithrombin 111. Intravenous fluids should be administered to 
d eh yd rated animals before su r ger y. 




ANESTHETIC CONSIDERATIONS 


Anemic patients should be given oxygen before induction of 
anesthesia and during recovery Ant icho!inergic drugs may be 
used to prevent bradycardia. Barbiturates that cause splenic 
congestion should be avoided. Acepromazine should also be 
avoided in these patients because of the possibility of red 
blood cell sequestration, hypotension, and impact on platelet 
function. A hypotensive episode may occur as a result of vol¬ 
ume depletion after splenectomy, and the arterial blood pres¬ 
sure should be monitored carefully during surgery. 




FIG 25-9 

Siderotic plaques on the splenic surface. 


ANTIBIOTICS 


Antibiotic use in most animals with splenic disease is die 

of the underlying disease. The merit of 
perioperative prophylactic antibiotics for splenectomy in 
dogs is largely unknown and depends on the animal's age, 
concurrent disease, and the length of surgery Perioperative 
antibiotics in healthy animals usually are unnecessary but 
may be given at induction of anesthesia and discontinued 
within 24 hours. Longer term antibiotic therapy may be war¬ 
ranted in immtmosuppressed or severely debilitated ani¬ 
mals. A case of multiple abscessation, septicemia, and death 
associated with splenectomy performed in conjunction with 
dental cleaning and extraction has been reported. 


TABLE 25-2 


Blood Transfusions 


ml of Donor Blood Needed 

Recipient blood volume* X 


Actual patient PCV 

PCV of anticoagulated donor blood 


Desired PCV 


* Total blood volume is estimated at 90 ml/kg for dogs and 70 

ml/kg for cats. 

Note: A rough estimate is that 2.2 ml of blood/kg of body weight 
will increase the recipient's PCV by 1%. 

PCV, Packed cell volume. 


SURGICAL ANATOMY 


The spleen is situated in the left cranial abdominal quadrant. 
It usually lies parallel to the greater curvature of the stom¬ 
ach; however, its exact location depends on its size and the 
position of other abdominal organs. When the stomach is 
contracted, the spleen usually lies in the rib cage, but with 
massive gastric enlargement, it may be in the caudal ab¬ 
domen. The splenic capsule is composed of elastic and 
smooth muscle fibers. The parenchyma consists of a white 
pulp (i.e., lymphoid tissue ) and red pulp (i.e., venous sinuses 
and cellular tissue filling the intravascular spaces). Large 
numbers of tt-adrenergic receptors are responsible for 
splenic contraction. When the spleen is contracted, it feels 
firm in consistency. The spleen normally is red, but siderotic 
plaques or fibrin deposits may change its appearance. 

The arterial supply of the spleen usually is the splenic ar¬ 
tery, a branch of the celiac artery The splenic artery generally 
is over 2 mm in diameter and gives off three to five long pri¬ 
mary branches as it courses in the greater omentum toward 
the ventral third of the spleen. The first branch usually is to 
the pancreas and is the main supply of the left limb of that or¬ 
gan. The two remaining branches run toward the proximal 
half of the spleen, where they send 20 to 30 splenic branches 
that enter the parenchyma. The branches then continue in 
the gastrosplenic ligament to the great curvature of the stom¬ 
ach, where they form the short gastric arteries (which supply 
the fundus) and left gastroepiploic artery (which supplies the 
greater curvature of the stomach) (Fig. 25-10). Other 
b ra n c h es sup p ly the sp lenocolic I igam en t and g reate r omen- 


) TABLE 25-3 


Heparin Therapy for Disseminated 
Intravascular Coagulation 


Heparin 


50-100 U/kg SC, bid or fid 


Heparin-Activated Plasma 

Place the first heparin dose (75-100 

plasma and incubate for 30 

Mon. Once antithrombin III (AT IFI) levels are above 
60%, continue the heparin subcutaneously.. If additional 
plasma is needed, incubation with heparin Is not neces¬ 
sary. 

Note: Adequate levels of ATIIl are critical in these 
patients. 


adminlstra- 


5C, Subcutaneous; bid, twice a day; tid, three times a day. 


animals with evidence of bleeding that is not thought to be 
the result of trauma. Normally hydrated animals with a 
packed cell volume (PCV) below 20% or a hemoglobin level 
under 5 to 7 g/dl may benefit from preoperative blood trans¬ 
fusions (Table 25-2). If disseminated intravascular hemoly¬ 
sis is suspected, heparin therapy may be indicated (Table 
25-3) in addition to supplementing plasma to replenish 




an- 
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cytosis or lymphosarcoma); however, focal or nodular le¬ 
sions may be missed. Differentiation of hem angiosarcoma 
and hematoma with cytologic analysis of samples obtained 

by fine-needle aspiration is rarely possible (see p, 546), 

sc a ns, 






GastrospSenic 




ligament 






Short gastric 




arteries and veins 


When cavitary lesions are identified with 
fine-needle aspiration should be performed with care or not 
at all. Cavitary lesions may rupture during aspiration, which 
could be fatal, especially in animals with coagulopathies. 

Biopsy samples should be placed in 10 volumes of forma¬ 
lin to 1 part tissue for routine histopathologic examination. 
Special preservatives may be required if additional staining 
techniques are desired (e.g., for identification of viral inclu¬ 
sions, Bourn's fixative is preferred). Samples larger than 5 cm 
should be scored (cut into) before placement in formalin to 
allow the sample to fix properly. Large splenic masses should 
be scored at several sites but left intact to allow orientation 
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of the entire lesion by the pathologist. If this is not possible, 
several representative samples should be submitted from 
diverse sites, including the margin of the abnormal and 
normal-appearing tissues. If the lesion is cavitary the 
splenic mass, cyst, or abscess), it should be ruptured before 
being placed in formalin. 

Splenic aspiration. Place the animal in right lateral or 

manual restraint or mild sedation. 
Avoid using phenothiazine tranquilizers or barbiturates be¬ 
cause the resultant splenic congestion may result in a nondi¬ 
agnostic sample because of blood dilution. Surgically pre¬ 
pare a small area on the left side of the abdomen and isolate 
the spleen. Using a plastic syringe attached to a small nee¬ 
dle (23 or 25 gauge , 1 to 1 V 2 inches), penetrate the ab¬ 
dominal wall and advance the needle into the spleen. Apply 
suction on the syringe several times , Before removing 
needle from the abdomen f relieve suction on the syringe to 
ovoid aspirating the contents of the needle into the syringe . 
Remove the needle from the abdomen and place the speci¬ 
men on a slide for evaluation. 
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FIG 25-10 

Splenic vasculature, Note the short gastric arteries, which 
often are avulsed in dogs with gastric dilatation-volvulus. 














An alternative method can be used to obtain a microcore 
sample of tissue with a fine needle. 

Using a 20- to 22-gouge needle that is not attached to a sy¬ 
ringe, repeatedly pass the needle through the splenic tissue , 

of tissue. Withdraw the needle from 

the tissue , attach a syringe containing air ; and blow the cel¬ 
lular material onto a glass slide . 

Surgical biopsy. During celiotomy, focal lesions may 
be biopsied by fine-needle aspiration or with a 
p. 551), Jamshidi, modified Fran kiln-Silverman, or punch 






turn. Ve no us drai nage i s via t he sp le n i c vein in to t he gast ros - 
pienic vein, which empties into the portal vein. 








SURGICAL TECHNIQUES 


obtaining a small 


ventral midline abdominal 


The spleen is approached vi 
incision that extends from the xiphoid to a point caudal to 
the umbilicus. The incision may need to be lengthened for 
large lesions or to allow complete abdominal exploration. 
Complete abdominal exploration should be performed in 
any animal suspected of having neoplasia 


core 


















* 




Splenic biopsy 

Splenic biopsies are indicated to ascertain the cause ot clini¬ 
cally significant splenomegaly or suspected metastatic le¬ 
sions to the spleen. They may be obtained percutaneously 
by fine-needle aspiration or core biopsy, or at surgery. 
Ultrasound-guided biopsies improve the likelihood of ob¬ 
taining diagnostic samples percutaneously. Percutaneous 
biopsies often are diagnostic tor diffuse lesions (e. 


*s 


To remove focal lesions near the center of the spleen , 
rectangular or ova/ incision through the capsule and into 
the parenchyma to sufficient depth to 
Close the defect by placing simple interrupted or mattress 

sutures of absorbable material (3 0 
capsule. 
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4-0) in the splenic 
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t 


Partial Splenectomy 

Partial splenectomy is indicated in animals with traumatic 
or focal lesions of the spleen to preserve splenic function. 


Partial splenectomy may be performed if more diffuse le 

sions are present (see below). 

Repair of Lacerations 

Splenorrhaphy is indicated to provide hemostasis in superb 

lesions of the splenic capsule. 


Deftne the area of the spleen to be removed and double lig¬ 
ate and incise the hilar vessels supplying the area (Fig, 
25-11, A). Note the extent of ischemia that develops and use 

guideline for the resection. Squeeze the splenic Its- 
at this line between a thumb and forefinger and miljc the 
splenic pulp toward the ischemic area. Place forceps on the 
flattened portion and divide the spleen between the forceps 
(Fig, 25-11, B/, Close the cut surface of the spleen adjacent 
to the forceps in a continuous pattern using absorbable su¬ 
ture f3-0 or 4-0) (Fig. 25-1 1, Cj. As an alternative v p/oce 

two rows of mattress sutures in a continuous overlapping 
fashion at the line of demarcation. If hemorrhage continues. 


Explore the lesion and ligate any large traumatized vessels. 
Place simple interrupted or mattress sutures of absorbable 
material (3-0 or 4-0) in the splenic capsule. Apply gentle 
press ure to the a reo for s e vet o I minu tes . I f bleeding con ft n - 
ues, ligate the splenic branches supplying the lesion as close 
to the hi I us of the spleen as possible . 


as a 


Small areas of ischemia re vascularize as a result of collat¬ 
eralization. 
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FIG 25-1 1 


Partial splenectomy preserves splenic function in animals with traumatic or focal lesions. 

A, Define the area of the spleen to be removed and double ligate and incise the hilar 
vessels supplying the area. B, Transect the spleen between forceps, C, Close the cut 
surface in a continuous suture pattern. 


V 











541 


Chapter 25 Surgery of the Hemolymphatk System 


if drug therapy is unsuccessful or unacceptable. Although life- 
threatening sepsis has been associated with total splenectomy 
in human beings, this has not been recognized in dogs. Nev¬ 
ertheless, partial splenectomy is preferred over total splenec¬ 
tomy when possible. The major disadvantages of total 
splenectomy are loss of its reservoir, immune defense, and 
hematopoietic and filtration functions. Elective splenectomy 
often is performed in dogs used as blood donors to reduce the 
risk of transferring Ehrlichia t Hcmohurtonrlhr or Babesia or- 

uninfected animals during transfusions. Splenec- 

patients with bone marrow hy- 

main site of hematopoiesis. 

After exploring the abdomen , exteriorize the spleen and 

place moistened abdominal sponges or 
around the incision under the spleen . Double ligate and tran¬ 
sect all vessels at the splenic hilus with absorbable {preferredj 
nonabsorbable suture material (Fig. 25-12). If possible , 

preserve the short gastric branches supplying the gastric fun¬ 
dus . As an alternative , open the omental bursa and isolate 


the end of the spleen with a continuous suture of ab- 


overs ew 
serbable suture material. 


devices (e.g., TA staplers) may also be 
used for partial splenectomy; however, there is some risk 
that if the staples are not secured in sufficient tissue, they 
will loosen and allow hemorrhage to occur from the splenic 
stump. Either 3.5- or 4.8-size stainless steel staples are rec¬ 
ommended. When properly performed, surgical stapling for 
partial splenectomy significantly reduces surgical time and 
omental adhesion to the spleen. 


Auto m a t ed s tap li ng 


ganisms to 

to my is contraindicated in 
poplasia in which the spleen is a 


Total Splenectomy 

Total splenectomy is most commonly performed in animals 
with splenic neoplasia, torsion (stomach or spleen), or severe 
trauma. Splenectomy previously was advocated for immune- 
mediated hematologic disorders refractory to medical therapy 
[e.g., thrombocytopenia or hemolytic anemia); propter use of 
immunosuppressive drugs and corticosteroids has reduced 
the need tor splenectomy. However, splenectomy may he used 


laparotomy pads 


or 












FIG 25-12 

For total splenectomy, double ligate and transect all vessels at the splenic hilus. IF possible, 
preserve the short gastric branches supplying the gastric fundus. 
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the splenic artery. Identify the branch 
the left limb of the pancreas Double ligate and transect the 
splenic artery distal to this vessel (or these vessels). 


branches supplying 


determine if concurrent disease exists that may influence the 
surgery or postoperative care* 

Suggested tea ding 

Couto CG: A diagnostic approach to splenomegaly in cats and 
dogs, Vet Med 85:220, 1990. 

Waldron DR, Robertson J: Partial splenectomy in the dog: a com¬ 
parison of stapling and ligation techniques, / Am Anim Hasp As- 
soc 31:343i 1995, 


or 


NOTE * If possible, spare the short gastric arteries 
when performing splenectomy. 


Interference with blood flow through the pancreatic 
branch of the splenic artery may result in ischemic pancre¬ 
atitis and peritonitis. 




SPECIFIC DISEASES 




SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 




SPLENIC TORSION 


Other than a general soft tissue pack, special instruments are 
not required; however* a large number of damps should be 
available for splenectomy. Absorbable suture material generally 
is used for splenic surgery. If generalized peritonitis is present* 
monofilament* synthetic absorbable suture (e.g.* polydiox- 
anon e or polyglyconate) should be used to ligate vessels* 


DEFINITION 


Splenic torsion is the twisting of the spleen on its vascular 
pedicle. 


GENERAL CONSIDERATIONS 

AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


POSTOPERATIVE CARE 
AND ASSESSMENT 


After splenic biopsy or splenectomy, the animal should be 
closely observed for 24 hours for evidence of hemorrhage. 
The hematocrit should be evaluated every few hours until the 
animal is stable. Nasal oxygen should be administered to 
mic patients and analgesics given if necessary (see Table 5-4 
on p* 21). 1 lemorrhage may indicate technical failures or DIG 
(which can be associated with neoplastic lesions or torsed 
spleens). Fluid iherapy should be continued until the animal 
is able to maintain its own hydration* and electrolyte and 
acid-base abnormalities should be corrected. Mi Id postoper¬ 
ative leukocytosis may occur after splenectomy in dogs, be¬ 
cause the spleen influences bone marrow leukocyte produc¬ 
tion; however, steep or prolonged elevations may indicate 
infection (i.e*, splenic abscess or peritonitis). An increase in 
the number of Howell-folly bodies, nucleated erythrocytes, 
target cells, or platelets may also be found after splenectomy. 


Splenic torsion most often occurs in association with gastric 
dilatation-volvulus* Isolated splenic torsion is rare but has 
been reported in dogs (Fig, 25-13)* Typically, the thin-walled 
splenic vein is occluded, although the splenic artery remains 
partly patent, resulting In congestive splenomegaly. Vascular 
thrombosis (particularly of the splenic vein) may occur. In 
some dogs the clinical signs are acute* although in others the 
torsion presumably is intermittent and abnormalities 
noted weeks before diagnosis. 

The cause of isolated splenic torsion is unclear. It maybe 
related to congenital abnormalities or traumatic disruption 
of the gastrosplenic or splenocolic ligaments. It also has been 
hypothesized that splenic torsion may occur after partial 
gastric torsion (i.e., an intermittently malpositioned stom¬ 
ach), in which it is thought that the spleen remains torsed 
despite repositioning of the stomach* 


ane- 


are 


COMPLICATIONS 


The major complication of splenic surgery is hemorrhage. This 
is more of a problem with splenic biopsy or partial splenec¬ 
tomy than with total splenectomy, providing proper technique 
is used lor vessel ligation, Reported complications of splenec¬ 
tomy in dogs include abscess at ion, traumatic pancreatitis* and 
gastric fistulation as a result of impairment of gastric blood 
flow. The risk of septic complications after splenectomy ap¬ 
pears to be significant only in animals that are immunosup- 
pressed before surgery (e g.* those undergoing immunosup¬ 
pressive therapy for immune-mediated hemolytic anemia)* 


SPECIAL AGE CONSIDERATIONS 


Splenic surgery is most commonly performed in middle- 
aged or older animals. Special care must he taken to meet the 
metabolic and nutritional needs of these patients. Physical 
examinations and laboratory analyses must be thorough to 


FIG 25-13 


Torsed 


Pi 


and shock 


spleen. 
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Laboratory Findings 

Laboratory analysis may reveal anemia, leukocytosis, hemo- 
globinoria, elevated serum 

elevated alanine transaminase activity, or all of these. 


Splenic infarction may be associated with other disease, 
such as liver disease, renal disease, hyperadrenocorticism, 
neoplasia, or thrombosis associated with cardiovascular dis- 

In these cases splenic infarction appears to be a sign ol 


alkaline phosphatase activity, or 


ease. 

altered blood tlow and coagulation rather than of the pri¬ 
mary disease. In such patients splenectomy should be 
served for animals with life-threatening complications, such 


DIFFERENTIAL DIAGNOSIS 


re¬ 


Differential diagnoses include other causes of splenomegaly 
(i.e„ neoplasia, trauma, hematoma, abscess, or immune- 
mediated disease), peritoneal effusion (i.e., peritonitis or as¬ 
cites), other midabdominal masses (e,g,, gastrointestinal, 
pancreatic, renal, or lymph node enlargement), and gastric 
dilatation-volvulus. 


as hemo abdomen or sepsis. 


NOTE * Splenic torsion can be acute and life threat¬ 
ening, requiring prompt diagnosis and treatment. 


MEDICAL MANAGEMENT 


DIAGNOSIS 

Clinical Presentation 

Signal merit. Splenic torsion usually occurs in large- 
breed dogs (e.g., Great Danes) and shows no age or gender 
predilection. 

History. Most animals are presented lor treatment be¬ 
cause of some combination of vomiting, weakness or de¬ 
pression, icterus, hematuria or hemoglobinuria, abdominal 
pain, and/or diarrhea. Clinical signs may be acute or 
chronic. Some owners have reported chronic intermittent 
signs for up to 3 weeks before evaluation. Acute torsion may 
cause signs of cardiovascular collapse and shock. 

Physical Examination Findings 

The most prominent physical examination finding is splenic- 
enlargement or a midabdominal mass. Abdominal pain, 
fever, dehydration, pale mucous membranes, or icterus (or 
all of these) sometimes are found. Dogs with cardiovascular 
collapse and shock have tachycardia, pale mucous mem¬ 
branes, prolonged capillary refill times, and/or weak periph¬ 
eral pulses. 

Radiography and Ultrasonography 

The most common radiographic findings are diminished 
visceral detail associated with peritoneal effusion and dis¬ 
placement of the small intestine. The splenic outline often is 
difficult to discern; however, if the dorsal extremity or body 
of the spleen is not observed in its normal position, splenic 
torsion is suggested. Occasionally gas bubbles may be iden¬ 
tified, presumably formed by gas-producing bacteria (e.g., 
Clostridium spp,). Ultrasonography may reveal a markedly 
enlarged spleen that is diffusely hypoechoic* with linear 
echoes separating iarge n anechoic areas. This pattern may be 
unique to splenic torsion. Enlargement of hilar splenic ves¬ 
sels may also suggest this condition. A recent study suggested 
that B-mode evaluation of the splenic veins for intraluminal 
echoes and spectral or color Doppler evaluation for absent 
velocity flow are important assessments in dogs with splenic 
torsion (Saunders, Neath, Brockman, 1998), 


surgical disease; medical management 


Splenic torsion is 
usually is limited to stabilizing the animal for surgery (see 
discussion below under Preoperative Management). II the 
animal is shocky, intravenous fluids and antibiotic therapy 

should be initiated. 


SURGICAL TREATMENT 


The timing of surgical therapy is influenced by the animal's 
status at presentation. An animal presented tor treatment 
with signs of shock should be operated on as quickly as pos¬ 
sible after its condition has been stabilized. Surgery may be 
reasonably delayed for a short period in animals with 
chronic disease; however, prompt surgical intervention is 
recommended. Because gastric dilatation-volvulus may oc¬ 
cur in dogs after splenic torsion and stretching of the gastric 
ligaments, prophylactic gastropexy (see p. 346) may be war¬ 
ranted at the time of splenectomy. 


Preoperative Management 

If possible, fluid deficits and electrolyte and acid-base abnor¬ 
malities should be corrected before surgery. Whole blood ad¬ 
ministration is warranted in animals with a hematocrit below 


20% (see Table 25-2). Perioperative antibiotic therapy is rec¬ 
ommended, because vascular occlusion and necrosis may al¬ 
low proliferation of bacteria in the spleen. Electro card io - 

are warranted to determine if cardiac arrhythmias are 


grams 

present that may require therapy before induction of anes¬ 
thesia or during surgery. Blood transfusion products should 
be available, because the enlarged and congested spleen may 
rupture with handling, causing abdominal hemorrhage. 


Anesthesia 

See gastric dilatation-volvulus on p. 357 for anesthetic rec¬ 
ommendations. Avoid barbiturates or other drugs that cause 

splenic congestion. 

Surgical Anatomy 

See p. 538 for the surgical anatomy of the spleen. 

Positioning 

The animal is positioned in dorsal recumbency, and the en¬ 
tire ventral abdomen is prepared for aseptic surgery. The 
ventral incision should extend from the xiphoid and should 


NOTE * Ultrasonography is the most useful nonin- 
vasive diagnostic tool for evaluating the spleen. 
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SYNONYMS 


he long enough to allow the enlarged spleen to be manipu 
lated and exteriorized 


Hem angiosarcoma is also known as angiosarcoma and ke¬ 
rnel ng i oe n dot hello m a . 


SURGICAL TECHNIQUE 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


The treatment oi splenic torsion is somewhat controversial. 
Some authors recommend that in animals with acute tor¬ 
sion, the splenic pedicle be untwisted and the spleen reposi¬ 
tioned. If vascular patency is present, restoration of blood 

near-normal size 
within a few minutes. However, splenectomy (see p, 541) 
may be safer, because there is no good way to secure the 
spleen in its normal position, and torsion may recur. 
Splenectomy is the only viable option in animals in which 
the vascular pedicle cannot be untwisted because of fibrosis, 
splenic rupture, or vascular thrombosis. 


The spleen is composed of a variety of tissues, and splenic 
neoplasm may arise from blood vessels, lymphoid tissues* 
smooth muscle, or the connective tissue that makes up the 
fibrous stroma. The most common tumor in dogs is h email- 

giosarcoma. Other malignant neoplasms (e.g., lymphosar¬ 
coma, mast cell tumor, leiomyosarcoma, fibrosarcoma, li- 
posarcoma, osteosarcoma, chondrosarcoma, myxosarcoma, 
rhabdomyosarcoma, and fibrous histiocytoma) and benign 
neoplasms (e.g., hemangiomas and myelolipidomas) may 
also occur (fig. 25-14). The most frequently recognized 
non neoplastic lesi ons of the spleen are nodular hyperplasia 
and hemato mas (Fig. 25-15), It has been hypothesized that 
splenic hematoma and nodular hyperplasia are related dis¬ 
eases. Nodular hyperplasia may cause bleeding by disrupting 
splenic blood flow. 


flow will cause the spleen to diminish to 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


See p. 542 for the suture materials and special instruments 
used for splenectomy. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Most animals recover quickly after repositioning or removal 
of the torsed spleen. Intravenous fluid therapy should be con¬ 
tinued until the animal is able to maintain its own hydration. 
Vomiting may occur pos toper at ively, associated with pancre¬ 
atic ischemia and pancreatitis. The blood supply to the left 
limb of the pancreas arises from the splenic artery, and the 
vascular obstruction may extend to this pancreatic branch. 


PROGNOSIS 


The prognosis generally is good after surgical management 
of splenic torsion. Delayed diagnosis may result in splenic 
necrosis, sepsis, peritonitis, or DIG, or all of these. 
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SPLENIC NEOPLASIA 
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DEFINITIONS 


Hem angiosarcomas are malignant neoplasms that arise 
from blood vessels; hemangiomas are benign tumors of di¬ 
lated blood vessels. A hematoma is a swelling or mass of 
blood (usually clotted) confined to an organ, tissue, or space 
that is caused by seepage as a result of coagulopathy. 


FIG 25-1 5 


Splenic hematoma in a 10-year-old Labrador retriever. Note 
the similar appearance of mis benign mass to the malignant 
tumor in Fig. 25d4. 
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History, Dogs with hemangiosarcoma may be pre¬ 
sented for treatment of abdominal enlargement, anorexia* 
lethargy, depression, or vomiting (or all of these) or may 
have acute signs of weakness, depression, anorexia, and hy¬ 
povolemic shock caused by splenic rupture and hemor¬ 
rhage. The clinical signs of splenic hematoma are similar* 
except that rupture leading to collapse and anorexia are less 
common because large masses frequently become apparent 
before rupture occurs. The most common clinical signs 
of disease with other types of sarcomas are diminished 
appetite, abdominal distention (as a result of peritoneal ef¬ 
fusion or tumor mass or both), polydipsia, vomiting* 
and/or lethargy. In contrast to dogs with hemangiosar¬ 
coma* splenic rupture and hemorrhage are uncommon in 
dogs with nonanglogenic and nonlymphomatous splenic 
tu m o rs. 


Canine splenic hemangiosarcoma is more common than 
all other types of malignant splenic tumors; in one study it 
accounted for up to 51% of splenic malignancies identified 
(Spangler, Kass, 1997). Hem angiosarcomas are observed in 
0.3% to 2% of all canine necropsies. Because hemangiosar- 
co m as ar is e from b I o od ve ss el s, t h c y m ay to rm i n several dif¬ 
ferent sites in the body. As many as 45% of dogs with splenic 
hemangiosarcoma may have concurrent right atrial heman¬ 
giosarcoma. Splenic hem angiosarcomas are aggressive tu¬ 
mors that frequently metastasize to the liver, omentum* and 
mesentery. More than half of affected dogs have gross evi¬ 
dence of metastatic disease on initial presentation. 

Splenic hematomas vary in size and are encapsulated, 
blood- and fibrin-filled masses that often are grossly indistin¬ 
guishable from hemangiosarcomas, Histologically, the cavi¬ 
ties are surrounded by congestion, fibrosis, and areas of 
necrosis. They may result from trauma* may occur sponta¬ 
neously, or may develop secondary to other diseases (e,g., 
nodular hyperplasia). Hemangiomas and hemangiosarcomas 
maybe difficult to distinguish histologically, but because the 
prognosis for these lesions is very different (see below), it is 
important that they be accurately differentiated. Splenic 
masses with evidence of malignant neoplastic endothelial cell 
proliferation can be easily identified as hemangiosarcomas. 
However, multiple sections of a malignant mass may be stud¬ 
ied without obvious malignancy being seen. More important, 
proliferation of plump endothelial cells that resemble neo¬ 
plastic endothelium but do not have evidence of mitotic ac¬ 
tivity may be misdiagnosed as hemangiosarcoma. In one 
study of 1372 splenic samples submitted over a 4-year period* 
hyperplastic nodules were diagnosed more often than he¬ 
mangiosarcoma (Spangler* Culbertson, 1992), 

Mastocytoma, lymphosarcoma, myeloproliferative disease* 
and hem angiosarcoma are the most common neoplasms ot 
the feline spleen. Splenic involvement is a consistent finding in 
cats with non cutaneous systemic mastocytosis. It is not associ¬ 
ated with the feline leukemia virus (FeLV) and is primarily a 
disease of older cats. Mast cell infiltrates may also be recog¬ 
nized in other organs (i,e,* the liver, lymph nodes* and bone 
□arrow), and circulating mastocytosis may be present in 50% 
of affected cats. Splenomegaly is one of the most common 
gross findings in feline mast cell disease, which usually is diag¬ 
nosed by finding neoplastic cells in the circulation or on bone 
marrow examination. Splenic hemangiosarcoma is less com¬ 
monly recognized in cats than in dogs. Extraabdominal metas¬ 
tasis, particularly to the myocardium* appears to be common. 

DIAGNOSIS 

| Clinical Presentation 

Signalment. Splenic tumors, including hematomas, 
usually occur in medium to large dogs. German shepherds 
ire at increased risk for hemangiosarcoma and heman¬ 
gioma. Some authors have reported that spayed female dogs 
Wan increased risk* although others have reported this 
tumor to occur more often in male dogs. No obvious breed 
j LT gender predilection has been observed in dogs with 
1 nonandoge n ic a nd nonly m p h o ma to u s s p 1 e n ic s a rco mas. 


Physical Examination Findings 


The physical examination findings include lethargy* weak¬ 
ness* abdominal distention* and possibly splenomegaly or a 
splenic mass. If abdominal effusion is present* it is not al¬ 
ways possible to palpate the enlarged spleen. If rupture oc- 

the animal may have signs of hypovolemic shock 


curs, 

(tachycardia, pale mucous membranes* and weak peripheral 
pulses). 


Radiography and Ultrasonography 

Abdominal masses usually are detected radiographically in 
dogs with hemangiosarcoma and nonanglogenic and non¬ 
lymphomatous sarcomas; however, peritoneal fluid may 
make locating the lesion in the spleen difficult. Ultrasonog¬ 
raphy is more definitive in locating lesions in the spleen and 

detecting abdominal 
hematomas from neoplastic lesions is difficult with ultra¬ 
sound. Finding internal septation and encapsulation or ap¬ 
parent metastasis helps differentiate hematomas from he¬ 
mangiosarcomas. Thoracic radiographs should be taken to 
detect pulmonary or thoracic neoplasia. 


of 


metastases. Differentiation 


NOTE ■ Before surgery, echo the heart to look for 
right atria! hemangiosarcoma. 


Laboratory Findings 

Neutrophilic leukocytosis may be present in some dogs. 
Mild or moderate anemia associated with chronic disease or 
hemoperitoneum also is common. Other hematologic ab¬ 
normalities caused by hemangiosarcomas may include nu¬ 
merous nucleated red blood cells (inappropriate numbers 
for the degree of anemia), Howell-Jolly bodies, poikilocyto- 
sis* acanthocytosis, schistocytosis, and/or thrombocytope¬ 
nia. Hemostatic disorders* particularly thrombocytopenia 
caused by DIG* are common in dogs with splenic tumors. 
Abdominal effusion generally is serosanguineous or hemor¬ 
rhagic. Cytologic analysis of abdominal fluid rarely reveals 

tumor cells. 




mt 









546 


PART I IJ Soft Tissue Surgery 


DIFFERENTIAL DIAGNOSIS 


should be performed to determine if ventricular arrhyth¬ 
mias requiring preoperative or intraoperative therapy are 
present. Ventricular arrhythmias were documented in 22 of 
78 dogs with splenic masses in one study, and anemia and 
hemoabdomen were found to be strongly associated with ar¬ 
rhythmia development (Keyes, 1992). Hydration, electrolyte, 
and acid-base abnormalities should be corrected before in¬ 
duction of anesthesia. Perioperative antibiotics may be indi¬ 
cated in some animals undergoing splenectomy (see p. 538 !, 

Anesthesia 

See gastric dilatation-volvulus, p, 357, for recommendations 
for anesthesia. Avoid barbiturates or other drugs that cause 
splenic congestion. 

Surgical Anatomy 

See p. 538 for the surgical anatomy of the spleen. 

Positioning 

The animal is placed in dorsal recumbency for a ventral mid* 
line celiotomy (see p. 255). 


Splenic hematoma and hemangioma must be differentiated 
from hem angiosarcoma and other neoplastic diseases of the 
spleen (see comments above). If cavitary lesions are identi¬ 
fied with ultrasound scans, fine-needle aspiration should be 
performed cautiously or not at all. Diagnosis of hem an¬ 
giosarcoma is difficult with fine-needle aspirates because the 
ceils exfoliate poorly In addition, cytologic differentiation of 

hematomas and hemangiosarcomas with samples obtained 
by fine-needle aspiration often is impossible because large 
numbers of neoplastic cells frequently are necessary to make 
an accurate diagnosis. Furthermore, cavitary lesions may 
rupture during aspiration, which could be fatal Exploratory 
surgery usually is indicated; however, it is difficult to differ¬ 
entiate these lesions by direct visualization. Although the 
presence of hepatic nodules may indicate metastasis and ma¬ 
lignancy in dogs with splenic masses, the hepatic nodules 
may also represent extramedullary hematopoiesis or nodu¬ 
lar hyperplasia in animals with benign or malignant tumors. 
Other causes of hemoperitoneum include hepatocellular 
carcinoma, rodcnticide poisoning, and trauma. 


SURGICAL TECHNIQUE 


NOTE * Diagnosis of splenic hemangiosarcoma 
may require review of several histologic sections. 


Splenectomy is described on p, 541. Total splenectomy, 
rather than partial splenectomy, is warranted in animals 
with malignant tumors or large benign masses. 


MEDICAL MANAGEMENT 


Surgical resection is the mainstay of therapy in dogs with 
splenic hemangiosarcoma, and there are few reports of post¬ 
operative chemotherapy or immunotherapy significantly 
prolonging survival Readers are referred to an oncology text 
for discussion of protocols and treatment regimens used in 
dogs with hemangiosarcoma. 


NOTE * If is difficult to differentiate hemongiosar- 

comas and hematomas. You must submit severa 
samples for histopathologic evaluation. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


SURGICAL TREATMENT 


Surgical instruments for diseases of the spleen are described 
on p. 542. Patients with neoplasia (particularly debilitated 
animals) may heal poo rly, therefore care should betaken in 
closing abdominal incisions, and strong, monofilament ab¬ 
sorbable or nonabsorbable suture should be used. 


Splenectomy is the treatment of choice for animals with 
splenic hematoma and hemangioma. It is also the treatment 
of choice for animals with hemangiosarcoma in which evi¬ 
dence of extensive metastasis or other organ failure does not 
preclude the short-term benefits of removing the enlarged or 
ruptured spleen. The median survival time of dogs with 
splenic hemangiosarcoma is 10 to 23 weeks after splenec¬ 
tomy, depending on the stage of the disease (Hammer, 
Couto, 1992). With nonangiogenic and nonlymphomatous 
sarcomas, the median survival times after splenectomy were 
2.5 months for all dogs that survived the early postoperative 
period and 9 months for the subset of dogs that did not have 
evidence of metastasis at surgery (Weinstein, Carpenter, 
Schunk, 1989). Splenectomy may not be warranted in dogs 
with concurrent right atrial tumors, therefore careful preop¬ 
erative examination of patients is necessary. Dogs with 
splenic lymphoma and clinical signs associated with massive 
splenomegaly, splenic rupture, and hemoperitoneum may 

also benefit from splenectomy. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Animals with splenic hemangiosarcoma should be closely 
observed for DIG after splenectomy. Fluid therapy should be 
continued until the animal can maintain its own hydration, 
The hematocrit should be monitored and blood transfusions 
provided if the FCV falls below 20%. Septic complications 
after splenectomy appear to be rare, and antibiotic therapy 
can be discontinued within 24 hours in most animals. 


NOTE » Be prepared to treat cardiac arrhythmias, 

particularly if hemoabdomen or anemia (or bath] 
are present. 


Preoperative Management 

Anemic animals may require blood transfusions before sur¬ 
gery and should be preoxygenated. An electrocardiogram 


PROGNOSIS 


The prognosis for animals with hemangiosarcoma depends 
on whether clinical signs are apparent at the time of surgery. 
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malignant neoplasia with a grave prognosis. Surgery and 
chemotherapy have limited success in prolonging survival 
times and increasing quality of life in dogs with HSA. Ad¬ 
vances in medical oncology are resulting in increased survival 
rates and a better quality of life for veterinary cancer patients. 
An understanding of the mechanisms of metastasis has led to 
the development of new treatments designed to delay or 
inhibit tumor spread. Promising new treatment options in¬ 
clude novel delivery systems (inhalation or intracavitary 
chemotherapy); use of immunomodulators such as liposome- 
e n capsulated muramyl tripcptide- phosphat idylethano!amine; 
antimetastatic agents, such as inhibitors of angiogenesis (in¬ 
terferons, thalidomide), matrix metalloproteinase inhibitors, 
and minocycline; dietary modifications; and gene therapy In¬ 
hibitors of angiogenesis seem to be safe and, unlike conven¬ 
tional chemotherapy, do not induce drug resistance. Although 
all of the newer approaches are still under development and 
review, the use of multimodality therapy incorporating inno¬ 
vative treatment methods may oiler the best therapeutic op¬ 
tion for dogs affected with HAS. 


In a recent study the median survival time of dogs with 
splenic hemangiosarcoma treated by splenectomy alone was 
86 days (mean, 116 days; range 14 to 470 days) (Wood et at, 
1998), In another study, the 2-month postoperative survival 
rate was 83% for dogs with non-neoplastic-related 
hematomas and 31% for dogs with hem angiosarcoma with 
or without associated hematomas (Spangler, Kass, 1997). 
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the spleen was markedly different from that of dogs with 


hrohistiocytic types, and several forms of splenic reticular 


hemangiosarcoma-associated hematomas, even though 


cells were present. There were no consistent alterations in 


most ol the tumors could not be effectively differentiated on 


hematologic studies or serum chemistry profiles to provide 


gross inspection. Two-month postoperative survival was 


useful diagnostic or 


prognostic information. Among ihe 93 


whereas only 31% of dogs with he m angiosarcoma, with or 


of the 98 dogs with complete (12-month) follow-up in for 


without associated hematomas, were alive after 2 months* 


alive, and 52% were dead. The lymphoid 


mation, 48% were 


An overall postsplenectomy survival rate of 52% was based 


to fibrohistiucytic proportion and mitotic index in the nod- 


ihe number of dogs surviving for a minimum of 6 


ules were anatomic features most predictive of postsplenec- 


on 


months post operatively. 


tomy mortality. The results of the study concluded that a 


higher proportion of lymphoid to fibro histiocytic-type cell:*. 


Spangler WL, Kass PH* Pathologic and prognostic charao 


associated with increased long-term survival, whereas 


was 


teristics of splenomegaly in dogs due to fibre histiocytic 


lower lymphoid to fibrohistiocytic proportions and a higher 


nodules: 98 cases. Vet Pathol 35:488, 1998* The purpose of 


mitotic index indicated a higher probability of short-term 


this study was to evaluate 98 canine splenectomy specimens 


m o rt a I i ty. 


consisting of combined nodular lymphoid and fibrohistio 


cytic cell proliferation for seven light microscopic character 


Wood CA, Moore AS, Gliatto JM> Ablin LA, Berg RJ, Rand 


istics. Nodular fibrohistiocytic proliferation in the canine 


WM. Prognosis for dogs with stage I or II splenic heman- 


spleen is characterized by a population of histiocytoid 


giosarcoma treated by splenectomy alone: 32 cases (1991- 


and/or spindle cells in varying proportions intermixed with 


1993), / Am Anim Hosp Assoc 34:417,1998, A retrospective 


hematopoietic elements, plasma cells, and/or lymphocytes 


analysis was performed on the case records of 32 dogs with 


Immunohis to chemical methods used on 32 of 98 specimens 


stage I or stage II splenic hemangiosarcoma that were treated 


showed uniform and strong positive staining among fibro- 


by splenectomy alone and that survived the 7-day postoper- 


histiocytic cells for vimentin and desmin; SI GO protein was 


ative period. The median survival time for these 32 cases was 


similarly stained in general abundance. Proliferating cell nu- 


86 days (mean, 116 days; range, 14 to 470 days), and the 1- 


clear antigen was not useful in the subjective differentiation 


year survival rate was estimated to be 6.25%. Survival was 


of nodules taken from dogs that died of spleen-related 


not influenced by signalmen!, presenting signs, stage of dis- 


causes and those surviving 12 months after splenectomy. A 


ease, or clinicopathologic findings. The data provide a basis 


spectrum of cell types was observed by electron microscopy 


from which to evaluate adjuvant chemotherapy for splenic 


in each nodule. Fibroblasts, macrophages, intermediate fi 


hemangiosarcoma confined to the spleen macroscopicaUy 
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CHAPTER 

Surgery of the Kidney 

and Ureter 


' ' 




NOTE • Abnormalities in the serum potassium level 

lead to cardiac arrhythmias; correct these ab- 


GENERAL PRINCIPLES 
AND TECHNIQUES 




u - 


may 

normalities before surgery. 






DEFINITIONS 


Various electrolyte and acid-base abnormalities may occur, 
depending on the severity and duration of the renal or ureteral 
disease. Hyperkalemia often is present in acute obstructive re¬ 
nal disorders and some acute renal parenchymal disorders. Hy¬ 
pokalemia may occur with acute or chronic renal disease and 
diuretic therapy Both conditions predispose lhe patient to car¬ 
diac arrhythmias and should be corrected before surgery. Clin¬ 
ically important hypocalcemia occasionally is associated with 

chronic renal disease. Metabolic acidosis may also be present in 
animals with acute or chronic renal disease. 

Animals with chronic renal failure may be anemic because 
of diminished levels of erythropoietin, which is produced by 
the kidneys and acts to stimulate red cell production in the 
bone marrow. Elevated plasma levels of parathyroid hor- 

may have a negative effect on erythropoietin concen¬ 
trations, Gastric ulceration, bleeding, or increased red cell 
fragility may occur in uremic patients. Coagulation profiles 

be warranted in animals with chronic renal disorders. 


Nephrectomy is excision of the kidney; nephrotomy is a 
surgical incision into the kidney. Nephrostomy is the 
ation of a permanent fistula leading into the pelvis of 
the kidney; temporary nephrostomy tubes (nephropy¬ 
elostomy) are occasionally used to divert urine when ob- 

occurs or when the proximal ureter has 
been avulsed from the kidney. Pyelolithotomy is an incision 
into the renal pelvis and proximal ureter; a ureterotomy is 
an incision into the ureter; both are generally used to re¬ 
move calculi. Neoureterostomy is a surgical procedure per¬ 
formed to correct intramural ectopic ureters; ureteroneo- 
cystostomy involves implantation of a resected ureter into 
the bladder. 


cre¬ 


st ructive uropathy 


m o n e 


PREOPERATIVE CONCERNS 


Renal disease or ureteral trauma or obstruction may cause 
signs of acute or chronic renal failure. The minimum data¬ 
base for urinary dysfunction includes measurement of the 
blood urea nitrogen (BUN), phosphorus, calcium, creati¬ 
nine, hematocrit, total protein, albumin, electrolyte (espe¬ 
cially potassium), and total carbon dioxide levels; urinalysis; 
and m electrocardiogram if electrolyte values are not read¬ 
ily available. Renal patients may have significant metabolic 
derangements besides azotemia. Acute renal disease usually 
causes moderate or severe dehydration. Although most olig¬ 
uric animals have acute renal failure, many 
nonobstructive acute renal failure are not oliguric. Preoper¬ 
ative intravenous fluid therapy is needed to restore circulat¬ 
ing blood volume and urine production; however, lluids 

must be administered judiciously to avoid 
patients. Diuretics may also be helpful for enhancing urine 

adequately hydrated. The 

l irine production of hydrated animals on mai n tenance fluids 
ilia; do not have abnormal extrarenal losses should be at 
least 50 ml/kg/day or more than 2 ml/kg/hour. 


may 

Normally hydrated animals with a packed cell volume ( PCV) 
below 20% or a hemoglobin level below 5 g/dl may benefit 
from preoperative blood transfusions (Table 26-1). 


TABLE 26-1 


Blood Transfusions 


animals with 


ml of Donor Blood Needed 

Recipient blood volume* X 

D esired PCV - Actual patient PCV 

PCV of anticoagulated donor blood 


over lo a ding t h ese 


*Totd blood volume is estimated at 90 ml/kg for dogs and 70 
ml/kg for cats. 

Note: A rough estimate is that 2.2 ml of blood/kg of body weight 
will Increase the recipient's PCV by 1%. 

PCV' Packed cell volume. 


production in animals that are 
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550 PART III Soft Tissue Surgery 


ANESTHETIC CONSIDERATIONS 


tub a ti on. If additional drugs are needed* etomidate (see 
Table 26-3) or a reduced dose of thiobarbiturate or propofol 
may be administered intravenously, or mask induction may 
be used if the animal is not vomiting. Urine output should 
be monitored during and after surgery. 


Anemic patients should be given oxygen before induction of 
anesthesia and during recovery. Anticholinergic drugs are 
used to prevent bradycardia. The systemic arterial blood 
pressure and urine output should be monitored during sur- 

Beeause of intrinsic properties of the kidney* renal 


gery. 

blood flow tends to remain constant despite variations in the 
systemic arterial pressure between 75 and 160 mm Mg, a 
phenomenon called autoregulation. However, hypotension 
during surgery may cause renal vasoconstriction, dimin¬ 
ished blood flow, and subsequent renal damage. Hypoten¬ 
sive drugs (e.g,, acetylpromazine) should be avoided in ani¬ 
mals with renal impairment. If the animal is oliguric but 
normotenslve, low-dose dopamine (I to 2 jxg/kg/minute 
given intravenously) with or without furosemide (0.2 mg/kg 
given intravenously) can be tried. As an alternative, manni¬ 
tol (0.25 to 0.5 g/kg given intravenously) may be used in cats. 
If both oliguria and hypotension are present, dopamine (2 to 
10 |jLg/ kg/minute given intravenously) or dobutamine (2 to 
10 |xg/kg/minute given intravenously) may be administered. 
Once oliguria is established, dopamine is minimally effective 
at creating a poly uric state. Thiobarbitu rates should be 
avoided if arrhythmias are present. Isoflu rane or sevoflurane 
are the inhalation agents of choice in arrhythmic patients. If 
n e p h recto my is to be p e rfor m e d, fu net ion in the rema i n i n g 
kidney should be protected by ensuring adequate blood flow 

during and after surgery. 

The following general anesthetic principles should be 
considered in animals with renal disease. The patient may be 
premedicated with an anticholinergic (i.e., atropine or gly- 
copyrroiate; Table 26-2) and oxym or phone, butorphanol, or 
buprenorphine (Tables 26-2 and 26-3). If the animal has 
minimal renal compromise, a thiobaibiturate, propofol, or a 
mask can be used for induction. Ketamine should be avoided 
in cats w ith renal compromise. I f a dog is severely depressed, 
oxymorphone plus diazepam (see Table 26-3) may allow in¬ 


ANTIBIOTICS 


Perioperative antibiotic therapy should be considered in an¬ 
imals with renal disease or obstruction even with no evi¬ 
dence of infection. Animals with renal calculi or ectopic 
ureters may have concurrent infections and should be given 
appropriate antibiotics based on urine culture and suscepti¬ 
bility testing. As an alternative, antibiotics can be withheld 
until appropriate intraoperative cultures have been taken, tt 
possible, potentially nephrotoxic antibiotics (i.e., aminogly¬ 
cosides, tetracycline [except doxycydine], and sulfonamides.! 
should be avoided. Penicillin drugs (i.e., penicillin G, ampi- 
cillin, amoxicillin, and combinations of clavulanic acid and 
amoxicillin; Table 26-4) are highly concentrated in urine. 
They are bactericidal and generally effective against gram- 
positive organisms. Cephalosporins (e.g., cefazolm, 20 
g/kg given intravenously at induction of anesthesia) also 
have an enhanced gram-negative spectrum, are excreted in 
the urine, and are often used for perioperative antibiotic 
therapy. Fluoroquinolones (e.g., enrolloxadn; see Table 
26-4) have broad activity against aerobic gram-negative bac¬ 
teria, Drug doses or dosing frequency should be altered as 
required by the degree of renal compromise. 


m 


TABLE 26-3 


Selected Anesthetic Protocols for Use in Decompensated 
Patients in Renal Failure or in Hypovolemic, Dehydrated, 
or Shoeky Animals 


Dogs 

Premedication and Induction 

Oxymorphone (0, 3 mg/kg IV] plus diazepam (0.2 mg/kg 
IV] give in incremental dosages. Intubate if possible, if 

ry, give etomidate (0.5-1.5 mg/kg IV). 


TABLE 26-2 


Selected Anesthetic Protocols for Use in Stable Dogs 
and Cats w ith Renal Disease 


necessa 


Maintenance 

Isoflurane or sevoflurane 


Premedication 


Give atropine (0.02-0.04 mg/kg SC or 1M) or glyco- 
pyrrolate (0,005-0.011 mg/kg SC or IM) plus oxy 
morphone* (0.05-0,1 mg/kg SC or IM); or 
butorphanol (0.2-0.4 mg/kg $C 
phine (5-15 pig/kg IM) 


Cats 

Premedication 


IM) or buprenorphire 


Butorphanol (0.2-0.4 mg/kg SC 
(5-15 fig/kg IM) or oxymorphone (0.05 mg/kg SC 

or IM) 


IM); or buprenor- 


or 


or 


Induction 

Thiopental (10-1 2 mg/kg IV) 

(see text also) 

Maintenance 

Isoflurane, sevoflurane, or halofhane 


In duction 

Diazepam (0.2 mg/kg IV) followed by etomidate (0.5-1,5 
mg/kg IV) (see text also) 

Maintenance 

Isoflurane or sevoflurane 


propofol (4-6 mg/kg IV) 


or 


*Use 0.05 mg/kg m cats. 

SC, Subcutaneous; fA4. intramuscular; iV, intravenous. 


IV, Intravenous; SC, subcutaneous; IM, intramuscular. 
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Chap te r 2 6 Su rgery of th e Kidn ey a n d Ure ter 


SURGICAL ANATOMY 


should be inspected before exploring the urinary tract. The 
right kidney is exposed by elevating the duodenum and dis¬ 
placing the other loops of intestine toward the animals left 
side. Similarly the left kidney is exposed by elevating the 
mesocolon so that the small intestine is retracted to the ani¬ 
mal s light side. The kidney can be isolated from the 
maining abdominal contents with moistened laparotomy 
sponges. 

Renal Biopsy 

Re n a I hi o p sy m ay b e i n d ica ted t o d i agn o se the c a use o f re - 
nal insufficiency (especially acute renal failure), hematuria 
(rare), or proteinuria. It may be performed at surgery 
or percutaneously with the aid of ultrasonography la¬ 
paroscopy a keyhole abdominal incision, or blindly Of 
the percutaneous techniques, ultrasound-guided biopsy is 
preferable. Percutaneous biopsy should be avoided in pa¬ 
tients with bleeding disorders, large intrarenal cysts, 
perirenal abscesses, or obstructive uropathy. Giving fluids 
before, during, and shortly after biopsy to initiate and 
maintain a mild diuresis may reduce the formation of 
blood clots in the renal pelvis that could 
dronephrosis. Surgical biopsies may be performed using a 
biopsy instrument (e.g., Monoptv, Riopty Tru-Cut, or 
Franklin modified Vim-Silverman biopsy needles; Fig, 26- 
1) or a wedge resection. Wedge resection allows a larger 
sample to be obtained. 

Needle biopsy. Perform a needle biopsy with a Tm-Cut 
type instrument by placing the tip of the instrument on the 
kidney capsule with the obturator specimen rod fully 
traded within the outer cannula. Push the specimen rod into 
the lesion by advancing the plastic handle or by triggering 
the firing mechanism. With manual devices, then advance 
the outer sheath of the needle into the tissue to sever the 
biopsy sample . Withdraw the needle with the outer sheath 

the specimen rodApply digital pressure to the site to 
control hemorrhage . Be sure the sample is primarily cortical 
tissue. 


The kidneys lie in the retroperitoneal space lateral to the 
aorta and caudal vena cava. They have a fibrous capsule and 
arc held in position by subperitoneal connective tissue. The 
cranial pale of the right kidney lies at the level of the thir¬ 
teenth rib. In an average-sized dog, the cranial pole of the left 
kidney lies about 5 cm caudal to the upper third of the last 
rib, The renal pelvis is the funnel-shaped structure that re¬ 
ceives urine and directs it into the ureter. Genera 11 v, five or 

/ 

six diverticula curve outward from the renal pelvis. The re¬ 
nal artery normally bifurcates into dorsal and ventral 
branches; however, variations are common. The ureter be¬ 
gins at the renal pelvis and enters the dorsal surface of the 
bladder obliquely by means of two slitlike orifices. The blood 
supply to the ureter is from the cranial ureteral artery (from 
the renal artery) and the caudal ureteral artery (from the 

prostatic or vaginal artery). 


re- 


NOTE • The anatomy of the renal vasculature 
varies considerably so use care when ligating these 
VBSsels during nephrectomy. 


cause hy- 


SURGICAL TECHNIQUES 


For the kidney, a ventral midline abdominal Incision is per¬ 
formed from the xiphoid to caudal to the umbilicus. If the 
distal ureter must be transected (i.e., for nephrectomy) or a 

cystotomy is necessary, the incision should extend to the pu¬ 
bis. Balfour retractors are used to retract the abdominal wall 
jnd expose the kidney. The entire abdominal contents 


re- 


f 


TABLE 26-4 


Selected Antibiotics of Use in Animals with Renal Disease 


Ampkillin 

22 mg/kg IV, IM, SC, or PO, tid 


■ 




I ' r • 


v. 






♦rnc 


•x o »* h . 




- :-><•. 








C - 


Amoxicillin plus Clavulcmate (Clavamox) 




ft 


Dogs: 12,5 
Cats. 62.5 mg PO, bid 








tc 








4 . • ' 


- 


3 > 










Cefaiolin (Ancef, Kefzol) 

20 mg/kg IV 

Trimethoprim - Su If a d iox in e (Trib risse n) 

Dogs: 15 mg/kg IM or PO, bid 
Cats: 15 mg/kg PO, bid 


4 • 




IM, tid to qid 


* 


or 




£:• '' - 




Enrofloxacin (Baytril) 


5-20 mg/kg PO or IV, sid 


V Intravenous; /Ai, intramuscular; SC, subcutaneous; PO, oral; tid, 

tirse lirnei a day; bid , twice a day; 

a day. 


FIG 26-1 


Vim Tru-Cuf (top} and Franklin modified Vim-Si Iverman 


day; s id. 


K 


a 


biopsy needles (bottom). 
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So ft Tissue Su rgery 


III 


Wedge biopsy, r a wedge biopsy, make an incision 

parenchyma with a 
Make another incision at an 
move a wedged-shaped piece of parenchyma (Fig. 26-2). 
Be sure to include cortex in the sample . Close the incision 
with a mattress suture of 3-0 absorbable suture material 


branches of the renal artery. Double ligate the renal artery 
with absorbable suture (e.g.. polydioxanone, polyglyconate , 

iglecaprone 25} or nonabsorbable suture (e.g,, car¬ 
diovascular silk) close to the abdominal aorta to ensure that 

all branches have been ligated. identify the renal vein and 
ligate it similarly. The left ovarian and testicular veins drain 
in to the renal vein and sh ould not be lig a ted in in tact dogs. 
Avoid ligating the renal artery and vein together to prevent 
the formation of an arteriovenous fistula. Ligate the ureter 
near the bladder. Remove the kidney and ureter and offer 
procuring appropriate culture specimens , submit them for 
histologic examination . 

Partial Nephrectomy 

Partial neph rectomy occasiona 11 y is warrant ed for focal renai 
lesions, particularly if optimal preservation of renal function 
is necessary because of bilateral renal dysfunction. However, 
in most cases total nephrectomy is easier and carries less risk 
of postoperative hemorrhage* If partial nephrectomy is per¬ 
formed, electrocoagulation of bleeding vessels should be 
avoided because it results in excessive parenchymal damage. 
Avoid partial nephrectomy in animals with clinically signifi¬ 
cant coagulopathies, because excessive blood loss may occur 
after this procedure. 


No. 15 scalpel blade. 


angle to the first incision to re¬ 


ar 


Nephrectomy 

Nephrectomy is indicated for renal neoplasia, severe trauma 
resulting in uncontrollable hemorrhage or urine leakage, 
pyel o n ephriti s rests ta n t to med i cal l h era py, hydro n ep h ro si s, 
and ureteral abnormalities that defy surgical repair (i.e., 
avulsion, stricture, rupture, or calculi). Before nephrectomy, 
renal function in the opposite kidney should be assessed by 
determining its glomerular filtration rate (GFR) if possible. 
Excretory urograms are not innocuous and can cause an uric 
or oliguric renal failure in animals with previously mild or 
moderate renal disease. If excretory urograms are done, 
avoid large doses of contrast material and maintain good re¬ 
nal perfusion. Bilateral renal dysfunction may warrant a 
guarded prognosis. If renal neoplasia is suspected, radiogra¬ 
phy (thoracic and abdominal) and ultrasonography should 
be used to help rule out metastasis, including to the opposite 
kidney. To avoid unintentional transection, the opposite 
ureter should always be identified; this is particularly impor¬ 
tant when removing large neoplasms* 


If possible, 5 trip the renal capsule from the area of the kid¬ 
ney to be excised. Use absorbable suture (No. 0 or I ) with 
two long, straight needles attached. Thread the needles into 

the kidney at the proposed resection site (Fig, 26-4, A and 
Bj* Tie the thread into three separate ligatures but avoid 
damaging the renal vessels or ureter (Fig. 26-4, Cj. Excise 
the renal tissue distal to these ligatures, Ligate any bleeders 

exposed diverticula with absorbable suture 


Grasp the peritoneum over the kidney and incise it Using a 
combi notion of blunt and sharp dissection , free the kidney 
from its sublumbar attachments . Elevate the kidney and re¬ 
tract it medially to locate the renal artery and vein on the 
dorsal surface of the renal hilus (Fig, 26-3). identify any 


Renal artery 


Renal vein 


!>. 




ft 
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i < 
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/ 
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Ureter 


FIG 26-3 


nephrectomy elevate the kidney and retract it 
/ to locate the renal artery and vein on the dorsal 


FIG 26-2 

Wedge biopsies provide larger samples than needle 
biopsies. 




medially 
surface of the renal hilus. 
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Surgery of the Kidney and Ureter 


Chapter 26 


incisions may be dosed without sutures or 


the end of the 


Nephrotomy 

with t ran spa re n chy m a 1 horizontal mattress sutures. The lat- 

increased vascular strangulation, pressure 
necrosis, infarction, and postoperative hemorrhage. Cyano- 
vlate adhesive provides rapid hemostasis? however, it the 
adhesive enters the renal diverticula, calculi may lor m. 


(2*0 or 3*0J, Approximate the capsule over 
kidney {Fig ; 26-4 , Dj and anchor it to the sublumbar tissues 
to prevent rotation of the kidney As an alternative , clamp the 
renal vessels with vascular forceps and excise the kidney 
parenchyma . Ligate the parenchymal vessels and close the 
renal pelvis and diverticula. Suture the capsule as described 
above and remove the clamps from the renal vessels. 


ter mav cause 




t 


acr 


Locate the renal vessels and temporarily occlude them with 

vascular forceps , a tourniquet, or an assistant's fingers. Mo- 

lateral surface , A4ofce 

border of 


Nephrotomy 


bilize the kidney to expose the 


convex 


formed to remove calculi (see 


Nephrotomy usually is per 

565) lodged in the renal pelvis, 

explore the renal pelvis for neoplasia or hema¬ 
turia* Nephrotomy should be avoided in patients with severe 

hydronephrosis, because 

available to prevent postoperative urine leakage, in addition, 
nephrotomy may temporarily diminish renal function by 
25% to 50%. Although bilateral nephrotomies can be per¬ 
formed, this could precipitate acute 

sufficiently compromised preoperat ively. Staged 


s/iarp Incision along the midline of the convex 
the kidney sufficient to allow removal of the calculi and in¬ 
spection of the entire renal pelvis (Fig. 26-5). Extend the 
incision from the capsule to the pelvic diverticula (see Fig. 

26-5), As an alternative ,, mate a sharp incision through the 

with for- 


but it may also be per- 


a 


P- 


formed to 


not be 




ample parenchyma may 


psule and bluntly separate the renal paren 

, Culture the renal pelvis ♦ Remove the calculi and flush 

the kidney with warm 

the ureter for patency by placing 
rubber catheter down the ureter and flushing it with 


vm a 




saline or lactated Ringer's solution. As- 

3 l A trench soft 


renal failure if renal 


a 


function is 

procedures are ind icated in sueh patients. 


warm 
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FIG 26-4 . . . Ll ii 

For partial nephrectomy, use large, absorbable suture with two long, straight needles 

attached. A and B, Thread the needles into the kidney at the proposed resection site. 

C Tie the thread into three separate ligatures but avoid damaging the renal vessels or 

the renal tissue distal to these ligatures, D, To prevent rotation at the kidney, 

d of the kidney and anchor it to the sublumbar tissues. 




ureter. Excise 


approximate the ca 
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FIG 26-5 


Nephrotomy usually is performed to remove calculi lodged in the renal pelvis. Make 
sharp incision along the midline of the convex border of the kidney. Close the nephrotomy 
by apposing the cut tissues and suturing the capsule in a continuous pattern with 
osorbable suture material (see text for sutureless technique). If adequate hemostasis is 
not achieved or if urine leakage is a concern, place absorbable sutures through the cortex 

horizontal mattress fashion. Then suture the capsule in a continuous pattern with 


a 


in a 

absorbable suture materia . 


likely (e.g., hydrometer or hydronephrosis). Depending on 
the animal's size, removal of the stones with a ureteroseope 
may be possible. Some stones in the distal ureter may be 
flushed or pulled into the bladder through a cystotomy, 
making a ureterotomy unnecessary. Although ureteral mu- 

stent if the mucosa has not been 


fluids. Close the nephrotomy by apposing the cut tissues and 
applying digital pressure for approximately 5 minutes while 
restoring blood flow through the renal vessels (sutureless 
technique). As on alternative , oppose the capsule with 
tinuous pattern of absorbable suture material (see Fig. 26-5). 
If adequate hemostasis is not achieved or if urine leakage is 

place absorbable sutures through the cortex in a 


a con - 


cosa regenerates over a 
completely disrupted, the use of stenting catheters is contro¬ 
versial because they may promote stricture formation and 
infection. If stents are used, they should be smaller than the 
diameter of the ureter. In some animals, ureteral stents may 


a concern , 

horizontal mattress fashion (see comments above and Fig. 
26-5). Then suture the capsule in a 
absorbable suture . Replace the kidney in 
tion . Sutu res may be piaced /n fbe peri ton eu m wh ere the kid- 

elevoted to help stabilize it 


continuous pattern with 

its original loco- 




so that they exit the urethral orifice and are su¬ 
tured to the exterior. Transverse or longitudinal incisions 
may be made in the ureter; however, there may be less ten- 

transverse ureterotomies, which therefore may heal 


LI 


ney was 


Pyelolithotomy 

Pyelolithotomy may be performed to remove renal calculi if 
the proximal ureter and renal pelvis are sufficiently dilated. 

This procedure 


m o re 


1- 


■ 


longitudinal incision in the dilated 


Make a transverse or 
ureter proximal to the calculi and remove them (Fig, 26-71 
A). Place a small, soft rubber catheter into the ureter proxi¬ 
mal and distal to the incision and flush the ureter with worm 
fluid. Make sure that all calculi have been removed and that 
the ureter is patent. Close the incision i 

pattern with 5-0 to 7-0 absorbable suture (Fig. 26-7, Bj. As 

if the ureter is not dilated and stricture for- 
f , make a longitudinal incision over f/ie 
calculi and close the incision in a transverse fashion (fig. 
26-7 , CJ. If the ureter has been damaged, perform a reseefiofl 
and anastomosis or proximal urinary diversion fsee Jbe/owJ 


avoids trauma to ihe renal parenchyma asso 
dated with nephrotomy Pyelolithotomy is extremely diffi 
cult if the ureter is not dilated. 


Dissect the kidney from its sublumbar attachments and ex¬ 
pose the dorsal surface. Identify the ureter and renal vessels 

the dilated pelvis and 

lajti (Fig. 26-6 , B). Flush 

the renal pelvis and diverticula with warm saline to remove 
II debris . Next , flush the ureter to ensure its patency 

con fin uous pa Hern with 4-0 or 5-0 ab - 


simple interrupted 


m a 


I- 


(Fig. 26-6 , A). 


* an inasron over 
imol ureter and remove the ca 


an alternative, 
motion seems likely 


sma 

Close the incision in a 

sorbable suture (Fig. 26-6, CJ« 




Ureteral Anastomosis 

Ureteral anastomosis is technically difficult in small patients 
(i.e., small dogs and cats) and has a high rate of postopera¬ 
tive obstruction. If the ureter is transected or damaged near 
the bladder, ureteroneocystostomy may be performed (see 
below). If the ureter is avulsed from the renal pelvis, urinary 
drainage can be performed by placing a catheter through the 




Ureterotomy 


Ureterotomy occasionally is performed to remove obstruc¬ 
tive calculi. Because the procedure carries the risk of postop- 

leakage and stricture formation, it should be per- 


e r a t i ve 

formed with care. If obstruction is not 


present, dietary 






dissolution of struvite calculi may be attempted. However, 
removal of calculi is indicated if obstruction occurs or seems 
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be performed when the proximo] ureter is di 

and identify the ureter a 
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ureter and remove the calculi. 
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an incision over 
C, Close the incision in o continuous pattern 


ith absorbable suture. 


wi 










FIG 26-7 


transverse 


Ureterotomy occasionally 

longitudinal incision in 
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mal to the calculi and remove them. 
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suture, C f As an 


simple interrupted pattern 
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B, Close the incision in a 
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interrupted sutures (Fig, 26-10, C}. Ensure that the enc/s of 
the ureter are not listed and that sufficient sutures have 
been placed to prevent leakage (Fig. 26-10, DJ. 

Neoureterostomy 

Neo ureterostomy (see p. 562} is performed for intramural 
ectopic ureters. Although some ectopic ureters completely 
bypass the bladder* most travel under the bladder mucosa 
before exiting and opening into the urethra or vagina 

Ureteroneocystostomy 

Ureteroneocystostomy is performed for extraluminal ec 
topic ureters and to repair ureters that are damaged near the 
bladder. The ureter is resected or defended and reimplanted 
into the bladder lumen (see p. 562). 


renal parenchyma into the ureter (fig. 26-8). The end oi the 
catheter is exteriorized through the body wall. If function is 
adequate in the opposite kidney, nephrectomy may be con¬ 
sidered to minimize possible complications of leakage, stric- 

infection. Minimal dissection should be done 


■ 


ture, or 

around the ureter to avoid compromising its blood supply. 
To avoid damaging the ureter, stay sutures should be placed 
tor manipulation and traumatic forceps should be avoided. 
The amount of tension that can be placed on the ureter 
without causing stricture formation is unknown; therefore 
tension across the anastomotic site should be avoided. Vari- 


HI 


ynthetic materials have been used to replace the ureter, 
but most are unacceptable because they promote fibrosis, 
calculus formation, or infection, A bladder-flap uretero- 
plasty has been described for ureteral trauma near the blad 
der ( Fig. 26-9). With this technique, a flap is elevated from 
the ventral surface of the bladder, and the ureter reimplanted 

into the flap. The flap is 
ureterotomy, stenting catheters should be used with caution 

because they may promote stricture formation. 


HEALING OF THE KIDNEY AND URETER 


Mild contusions or fractures of the kidney parenchyma heal 
primarily by synthesis of fibrous connective tissue. Alt ho ugh 

scar production occurs and may 
nephrons, wound contraction usually is minimal. However, 
renal pelvis and collecting ducts experience wound contrac¬ 
tion and scar tissue formation, resulting in strictures. Uroep- 
ithelium has enormous proliferative potential and may seal 
a damaged area within 48 hours. If at least 50% of the 
ureteral circumference remains, the ureter will heal by ep- 
ithelialization, fibrous connective tissue synthesis, and longi¬ 
tudinal rather than circumferential wound contraction. 


then closed as a tube. As with 




obliterate some functional 


For ureteral anastomosis , suture the ureter directly or spatu 
late it by making a longitudinal incision on opposite sides of 
each end of the ureter (Fig. 26-10 , A). Preploce absorbable 
sutures (5-0 or 6 0) at the apex of the spatulated incisions 

and align the ureteral ends (Fig. 26-10, BJ. Appose th 

ureteral ends in 
placed sutures , Close the remainder of the ureter with simple 
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FIG 26-8 

Urinary drainage can be performed by placing a catheter through the renal parenchyma 
into the renal pelvis. A, Place a hemosta! into the renal pelvis via the ureter and incise over 
its tip with a scalpel blade. B, Grasp a catheter with the hemostat. C, Pull the catheter into 
the renal pelvis. D, Anastomose the torn ureteral ends. 
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FIG 26-9 


trauma occurs near 


bladder A, Elevate a flap from the ventral surface of the bladder, B, Reimplant the ureter 

into the flap. C 


) as a 
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B 
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FIG 26-10 


For ureteral anastomosis, suture the ureter directly or I 

longitudinal incision on opposite sides of each end of the ureter B, Preplace 
sutures at the apex of the spatulated incisions and align the ureteral ends. Appose the 
ureteral ends with simple interrupted absorbable sutures using the preplaced sutures. 


(A) spatulate it by makin 


ig a 

absorbable 
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Peristalsis is absent in the distal segment of a transected 
ureter for at least 10 days after repair. This may promote hy¬ 
droureter in the proximal segment and subsequent hy¬ 
dronephrosis. Immobilizing the ureter to surrounding struc- 
tures also inhibits peristalsis and diminishes urine flow. 


\ TABLE 26-5 


Postoperative Analgesics 


Oxy morph one (Numorphan) 

0.05-0/1 mg/kg IV, IM, every 4 hours [os needed) 

Butorphanol (Torbutrol, Torbugesic) 

0.2-0.4 mg/kg IV, IM, or $C, every 2 lo 4 hours (os 

needed) 

Buprenorphine (Byprenex) 

5-15 pg/kg, IV, IM, every 6 hours (as needed) 


NOTE * The uroepitheliurr has enormous regenera¬ 
tive capacity, but improper technique may result in 

strictures* 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Absorbable suture material such as polyglactin 910 (Vicryl), 
poly glycolic acid (Dexon), polydioxanone (PDS), polygly- 
conate (Maxon), or poliglecaprone 25 (Monocryl) should he 
used in the kidney ureter, and bladder. Nonabsorbable suture 
material may promote calculus formation and infection. Al¬ 
though PDS and Maxon maintain tensile strength and are 
more slowly absorbed than is desirable for most urinary sur¬ 
gery, they have less tissue drag than Dexon or Vicryl The use of 
pediatric or ophthalmic instruments facilitates surgery of the 
ureter. These instruments tend to be smaller and more delicate 
and may cause less tissue trauma than larger instruments. 


IV, Intravenous; IM, intramuscular; SC, subcutaneous. 


and hydronephrosis that occurs secondary to the formation 
of blood clots in the renal pelvis. 


SPECIAL AGE CONSIDERATIONS 


Older animals often have some degree of renal compromise 
and require careful monitoring during any surgical proce¬ 
dure. Hypotension should be avoided during surgery and 
the postoperative period to avoid further renal damage, il 
cardiac disease is also present, fluids should be used judi¬ 
ciously to prevent overhydration while maintaining renal 

blood flow. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


The hematocrit should be monitored post operatively and 
abdominocentesis performed if hemorrhage or leakage is 
suspected. Significant hemorrhage may require blood trans¬ 
fusions (see Table 26-1) or repeat surgery. Anemic animals 
should have nasal oxygen during the anesthetic recovery pe¬ 
riod. Central venous pressure and urine output may be 
monitored to evaluate hydration po stop era tively Indwelling 
urinary catheters allow measurement of urine output. Pa¬ 
tients (particularly young ones) should be closely monitored 
for urethral obstruction after repair of ectopic ureters. 
Ureteral obstruction as a result of surgical swelling or stomal 
stenosis may occur; however, unless the surgery was per¬ 
formed bilaterally, this typically goes undetected unless ab¬ 
dominal radiographs or ultrasonography documents signif¬ 
icant hydroureter or hydronephrosis. Urinary leakage may 
be diagnosed by abdominocentesis and measurement of 
fluid creatinine levels (not blood urea nitrogen [BUN]). 
With uxoperitoneum, the creatinine level in the abdominal 
fluid is higher than the serum creatinine level (see p. 587)* 
Electrolyte and acid-base abnormalities should be moni¬ 
tored and corrected postoperatively. Postoperative analgesics 
should be given as necessary (Table 26-5). 


Suggested readin 

Dupre GP, Dee LG, Dee JF: Ureterotomies for treatment of 
ureterolithiasis in two dogs, / Am Anim Hasp Assoc 26:500,1990. 
Kochi n EC el al: Evaluation of a method of ureteroneocystostomy 
in cats, / Am Vet Med Assoc 202:257, 1993. 




SPECIFIC DISEASES 




ECTOPIC URETER 


DEFINITIONS 


Ectopic ureter is a congenital anomaly in which one or both 
ureters empty outside the bladder. Extraluminal ectopic 
ureters are those that completely bypass the bladder; intra¬ 
luminal ectopic ureters course submucosally in the bladder 
to open in the urethra or vagina* 


SYNONYMS 


U re te ra I ec top i a 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


COMPLICATIONS 


The major complications of surgery of the kidney are renal 
failure, hemorrhage, and urinary leakage. Urinary leakage or 
obstruction as a result of stenosis or stricture is common af¬ 
ter ureteral surgery. Complications of renal biopsy may in¬ 
clude microscopic hematuria, gross hematuria, hemorrhage, 


The ureter normally enters the dorsolateral caudal surface 
of the bladder and empties into the trigone after a short 
intramural course (Fig* 26-11). Abnormalities in embryo- 
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FIG 20-13 

A ureterocele In the bladder of o dag. The contralateral 
ureter was ectopic. 


FIG 26-11 

The ureters normally enter the dorsolateral caudal surface of 
the bladder and empty into the trigone after a short 
intramural course. 


strutted urine outflow, or a primary lack oi ureteral 

peristalsis. Hypoplastic bladders or 
may be congenital or may occur secondary to lack of nor¬ 
mal filling of the bladder. With unilateral ectopia, hv- 
droureter and hydronephrosis may occur in the contralat¬ 
eral ureter as a result of chronic ascending urinary tract 
in fee dons. 


cause ureteral ectopia, 
urethral sphincter incom- 


genesis of the urinary system may 

Associated abnormalities {he 
petence, bladder hypoplasia, vestibulovaginal abnormali¬ 
ties, or ureteroceles; Fig, 26-12) may occur concurrently 
with ectopic ureters. Surgical correction of ureteral ec¬ 
topia is recommended; however, the presence of other ab¬ 
normalities increases the likelihood of postoperative in- 


in trapelvic bladders 




continence. 

Approximately 70% to 80% ol affected dogs have unilat¬ 
eral intramural (Fig. 26-13, A) or extramural (Fig, 26-13, B) 
ectopia. Of these, intramural lesions are more 
Other abnormalities noted in some dogs include double 
ureteral openings (he,, where the ureter opens in the bladder 
plus more distally; Fig. 26-13, C) or ureteral troughs (Fig, 
26-13, D), Although ureteral ectopia is less common in cats 
bilateral ectopia may occur more frequently in cats than in 
dogs, Diagnosis of ureteral ectopia is important, because it 

cm be corrected surgically. 

Pyelonephritis and cystitis are common 
ureteral ectopia. Small kidneys may be the result of 
end-stage pyelonephritis, congenital dysplasia, or congen¬ 
ital cystic disease. Hydronephrosis may be caused by 
chronic pyelonephritis or ureteral obstruction (e.g,, steno¬ 
sis or absence of a functional opening). Hydroureter, the 
most common urogenital abnormality in dogs with 
i reteral ectopia, may be caused by chronic infection, ob- 


DIAGNOSIS 

Clinical Presentation 

Signal merit. Ectopic ureters are more commonly diag¬ 
nosed in female dogs than males. However, in a recent 
study of 14 dogs with ectopic ureters, six were male (Lamb, 
Gregory, 3998). Males may be less commonly diagnosed 
because the opening of the ectopic ureter is closer to the 
bladder than to the tip of the penis, and distal urethral 
pressures may prevent urine dribbling. Males with ectopic 
ureter tend to be older at the time of diagnosis than fe¬ 
males. Siberian huskies have an increased incidence of 
ureteral ectopia. Golden retrievers, Labrador retrievers, 
miniature poodles, and some terrier breeds may also have 
higher than expected incidence. Ureteral ectopia should 
be suspected in any young animal that has a history ol in¬ 
continence since birth; however, this condition should also 
be included as a differential in older animals with lifelong 

urinarv incontinence. 
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FIG 26-13 

Diagram of the different types of ureteral ectopia. A, Intramural. B, Extramural. C, Double 
ureteral openings. D, Ureteral troughs. 




ureters open near the trigone and retrograde filling of the 

bladder occurs, or the bladder is of sufficient size to act I 
as a reservoir. Even animals with bilateral ectopia may j 
have normal voiding associated with intermittent urine | 
dribbling. 

Physical Examination Findings 

Physical examination findings include wetness of peri vulvar 
hair, odor, and irritation or urine scalding of surrounding 

dogs may have a persistent hymen that is de¬ 
tected digitally or with vaginoscopy. Other findings are un¬ 
remarkable unless pyelonephritis is present. 


NOTE • Ectopic ureters should not be excluded as 
a possible diagnosis even if urinary incontinence 
intermittent or the animal seems to urinate normal 
volumes, Affected dogs may have some response to 
medico! management, mimicking dogs with ac¬ 
quired urinary incontinence. 






History, Urinary incontinence may have an apparent 
partial response to drugs and usually is constant but may 
be intermittent. Many affected animals are able to urinate 
normally, particularly if the condition is unilateral, the 
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skin. Some 
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Chap ter 2 6 Surgery of the Kidn ey a nd Urete r 


> TABLE 26-6 


Drugs Used for Urinary Sphincter Leakage 


Phenylpropanolamine" 


Dogs; 1.5-2 mg/kg PO, bid 
Cats: 1 .5 mg/kg PO, tid 


Epbedrine 


4 mg/kg or 12.5-50 mg/dog PO, bid lo tid 


Imipramine (Tofranil) 

2-4 mg/kg PO, sid to bid 


Diethylstilbestrol 


0.1-1 mg/dog PO, once daily initially, then taper to low¬ 
est effective dose, usually given once or twice a week 


* Phenylpropanolamine may be available through selected veteri¬ 
nary pharmaceutical companies. 

PO, Oral; bid, twice a day; tid, three times a day; s/d, once a day. 


NOTE # Excretory urography is not 100% sensitive 
and does not accurately differentiate all intramural 
and extramural lesions. 


FIG 26-14 

Excretory urogram in a dog with an ectopic ureter. Note the 
dilated ureter filled with contrast agent adjacent to the 
proximal urethra. 


Laboratory Findings 

A complete blood cell count, serum chemistry profile, and 
urinalysis (with microbial culture) should be performed* 
Concomitant urinary tract infection is common* Renal fall- 
may be present because of chronic pyelonephritis, ob¬ 
structive uropathy, or concurrent congenital abnormalities 

(see p. 559), 


RADIOGRAPHY AND 
ULTRASONOGRAPHY 


The size and shape of the kidneys, bladder, and prostate 
should be assessed with survey abdominal radiographs. Ex¬ 
cretory urography is the most commonly used method for 
confirming ectopic ureters (Fig, 26-14) and defining associ¬ 
ated urogenital abnormalities (i.e*, hydronephrosis, hy¬ 
droureter, hypoplastic bladder, and ureteroceles; see Fig. 
26-12), Radiographs should be made both early and late af¬ 
ter contrast administration because extramural ectopia is 
best identified before the bladder completely fills with con¬ 
trast., However, contrast radiography does not accurately 
identify all ectopic ureters and often fails to differentiate be¬ 
tween intramural and extramural lesions. The colon should 

be emptied to enhance visualization of the ureters and their 
site of termination. Retrograde cystography, pneumocystog¬ 
raphy [ with the animal in the dorsoventral position to allow 
gas contrast to rise adjacent to ureters)* and vaginoscopy 

may help correctly define ectopic ureter morphology. Cys¬ 
toscopy probably is the most reliable method for diagnosing 
ectopic ureters in females. 

Ultrasonography is a useful diagnostic tool for defining 
ectopic ureters in dogs. A recent study showed a close corre¬ 
lation between the ultrasonographic and contrast radi¬ 
ographic findings for each ectopic ureter, but ultrasonogra¬ 
phy allowed more accurate determination of normal ureteral 
anatomy {lamb, Gregory, 1998). 


ure 


DIFFERENTIAL DIAGNOSIS 


Ureteral ectopia should be considered likely in any young 
animal presented for treatment of incontinence. Behavioral 
incontinence is also common in young animals because of 
exaggerated submissiveness. Other causes of incontinence 
include urge incontinence (associated with inflammation or 
infection), neurogenic disorders (i,e. s lower- and upper- 
motor neuron disorders or reflex dyssynergia), anatomic 
outflow obstruction fie., paradoxical incontinence), and 
urethral sphincter incontinence {i.e., hormone-responsive 
incontinence). Behavioral, urge, neurogenic, and hormone- 
responsive incontinence should be eliminated before consid¬ 
ering tests for ectopia in older animals* 


t 


y 


MEDICAL MANAGEMENT 


Incontinence may persist after surgical correction if concomi¬ 
tant urethral sphincter incompetence Ls a factor. Urethral pres¬ 
sure profilometry can detect sphincter incompetence before 
surgery, a -Adrenergic agonists (i.e., phenylpropanolamine or 
epbedrine; Table 26-6), imipramine, or diethylstilbestrol may 
be used to increase urethral sphincter tone. 
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SURGICAL TREATMENT 


o sponge, to absorb urine to ovoid abrading the mucosal 
surface. 


Surgical correction is the treatment of choice for ectopic 
ureters even if marginal improvement occurs with medical 
management. Surgery should be performed as soon as pos¬ 
sible to prevent secondary abnormalities (he., hydroureter, 
hydronephrosis) caused by ascending urinary tract infec¬ 
tions or outflow obstruction. Neoureterostomy is performed 
for intramural ectopic ureters. Although some ectopic 
ureters completely bypass the bladder, most travel under the 
bladder mucosa before exiting and opening into the urethra 
or vagina. If the ureter is extraluminal, the ureter must be re¬ 
sected and reimplanted into the bladder lumen* 


Using pediatric instruments may help reduce tissue 
trauma. Swelling or hyperemia makes the ureters difficult to 
locate beneath the mucosa. 


Make an incision into the ventral bladder near the urethra 

(Fig, 26-15, A). Place stay sutures to facilitate retraction of 
the bladder wall edges. Inspect the trigone for ureteral 
openings. Identify a submucosal swelling or ridge within 
the bladder wall; this may be facilitated by digitally oc¬ 
cluding the urethra to cause ureteral dilation. Use a No. 

1 5 scalpel blade to make o 3- to 5 mm longitudinal inci¬ 
sion through the bladder mucosa into the ureteral lumen. 

Using 5-0 to 7-0 absorbable suture material , suture the 

ureteral mucosa to the bladder in a simple interrupted 

pattern (Fig. 26-15 , BJ. Place a 31 4 or 5 French catheter 

into the distal ureter (Fig. 26-15, C). Just distal to the 
new stoma , pass one or two nonabsorbable sutures (3-0 
or 4 0) from the serosal surface circumferentially around 
the tube f staying beneath the mucosa (Fig. 2675, D). Be 
sure the suture does nof penetrate the bladder lumen. Use 
this suture to ligate the distal ureter after removing the 
catheter. Close the proximal urethra with simple inter¬ 
rupted or simp/e continuous sutures (single or double 
layer) but ensure that the urethral diameter is not compro¬ 
mised. Close the bladder in such a manner as to ensure a 
watertight seal (i.e., simple continuous or inverting suture 
pattern , depending on the thickness of the bladder wall; 

see p , 575 j. 1 


Preoperative Management 

Hydration, acid-base, and electrolyte abnormalities should 
be corrected before surgery (see p. 549). Appropriate antibi¬ 
otics should be administered as indicated by urine culture 
and susceptibility testing. If antibiotic therapy has not been 
initiated before surgery, antibiotics (e,g„ cefazolin) should 
be administered after intraoperative cultures have been 
taken. Renal function should be determined before surgery 
if hydronephrosis or renal fibrosis is present. Nonfunctional 
kidneys should be removed (see below). 


NOTE * Be sure to determine the function of each 
kidney before surgery. 


Anesthesia 

If renal impairment is not present, many different anesthetic 
regimens can be used safely. If renal impairment is present, 
see p. 550 for suggested anesthetic protocols. 

Surgical Anatomy 

The surgical anatomy of the kidney and ureter are described 
on p, 551. 


Ureteroneocystostomy 

If the ureter is extraluminal, it must be resected and reim¬ 


planted into the bladder lumen. In dogs, the ureter may be 
implanted into the bladder using a simple transverse pull- 
through or an intramural tunnel (3:1 tunnel length to 
ureteral orifice diameter). The latter technique may cause 
less fibrosis and quicker return of normal ureteral function, 
The diameter of the feline ureter is approximately 0.4 mm at 


Positioning 


The animal is placed in dorsal recumbency, and the ab¬ 
domen is prepared for a ventral midline incision. The pre¬ 


pared area should extend from above the xiphoid to below 


the level of the bladder, and standard ureteroneocystostomy 


the pubis. 


techniques often cause ureteral obstruction. Microsurgical 


techniques may be necessary to prevent ureteral obstruction 


SURGICAL TECHNIQUES 


m cats. 


The entire urinary system should be explored before the 


Pe rfann 


ven tra I cys to tomy 


ureter is repaired. Nonfunctional kidneys and their ureter 


described above for 


as 


should be removed; otherwise, the ureter and kidney should 


n eo v re teros to my. Ligate the ureter and transect it, preserv- 


be preserved. If nephrectomy is considered, bilateral ectopia 


ing as much length as possible (Fig. 26-16). Place a stay 


should first be ruled out. With nephrectomy the end of the 


suture on the proximal end of the transected ureter. Incise 


the bladder mucosa and create 


ectopic ureter should be ligated as close as possible to its 


short, oblique submu- 


termination. 


cosal tunnel in the bladder wolf Use the stay suture to draw 


the ureter into the bladder lumen to avoid damaging the 


Neoureterostomy 


ureter. Moke 


1- to 2-mm longitudinal incision in file 


Handle the bladder tissues with extreme care and use stay 


ureter end (i.e., 


spatulate it) and suture it to the bladder 


sutures whenever possible . Once the bladder has been emp 


mucosa with absorbable suture (e.g., poly glycolic acid or 


tied of urine. 


sterile, cotton-tipped swabs, rather than 


polyglactin 910). 


use 
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ureters. A, Perform a cystotomy and 
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intramural ectopic 

ina! incision through the bladder mucosa in 

mucosa 
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make a 3- to 5-mm 
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FIG 26-16 

Ureteroneoc 




is performed when the ureter is extra luminal. Ligate the ureter and 
transect it. Place a stay suture on the proximal end of the transected ureter. Incise the 
bladder mucosa and create a short, oblique, submucosal tunnel in the bladder wall. 
Spatulate the ureter end and suture it to the bladder mucosa with absorbable suture. 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Stor 


reeled during the same surgery (or if significant renal 
pairment exists in the contralateral kidney with unilateral 
surgery), the animal should he monitored for signs of renal 
failure as a result of ureteral swelling and subsequent ob¬ 
struction. Technetium 99m diethylenetriamine pentaacetic 
acid may be a useful aid for evaluating ureteral function in 
dogs after ureteroneocystostomy (Barthez et ah, 2000). If 
incontinence continues for longer than 2 to 3 months p^st- 
operatively, an excretory urogram or cystoscopy shook be 
performed to evaluate the ureters. Occasionally the distal 

end (Le., ligated end) is patent, or bilateral ectopia was 
missed initially. 


I 


lm- 


c< 


2 


Absorbable suture material such as polyglactin 910 (Vicryl), 
polyglycohc acid (Dexon), polydioxanone (PD5), polygly 
conate (Maxon), or poliglecaprone 25 (Monocryl) should be 
used in the bladder because nonabsorbable suture materials 
may promote calculus formation or infection. Keep in mind 
that polyglycoiic arid and polyglactin 910 may be rapidly de¬ 
graded in infected urine; however, polydioxanone and 
polvglyconaie maintain tensile strength when in contact 
with urine and thus may be preferable for dosing a cysto¬ 
tomy Small suture (he,, 4-0 or 5-0) is preferred to suture the 
ureter to the bladder mucosa. The distal ureter should be lig¬ 
ated with nonabsorbable suture because incontinence 
recur as a result of recanalization of the distal ureter if ab¬ 
sorbable suture is used. 
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K 


NOTE ■ Ureteral stoma swelling is probably com¬ 
mon after this surgery and may cause some obstruc¬ 
tion to ureteral flow, but it usually goes undetected 
and resolves without therapy 


pai 


POSTOPERATIVE CARE 
AND ASSESSMENT 


* 


pel 


of 


PROGNOSIS 


The animal should be observed closely after surgery for 
signs of urinary obstruction or leakage. If urethral ob¬ 
struction occurs because of postoperative swelling, an in¬ 
dwelling urinary catheter should be placed for 3 to 4 days 
until normal voiding occurs. If bilateral ectopia is cor- 


sta 


As many as 30% to 55% of patients continue to show some 
degree of incontinence after surgery. In one study using 
cystometrographic studies and urethral pressure profiles, 
functional abnormalities of the urinary bladder or urethra 
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were detected in 8 of 9 dogs with congenital ectopic ureters 
(bane, Lappin, Seim, 1995), Obtaining urethral pressure 
measurements before surgery and after phenylpro¬ 
panolamine therapy (see above) has been instituted may 
help predict the likelihood of continence after surgery. 
Siberian huskies are particularly prone to postoperative in¬ 
continence because of a high incidence of urethral sphinc¬ 
ter incompetence. These dogs may respond to a-adrenergic 
agonists. If bladder hypoplasia is present, incontinence 
may continue until the bladder enlarges and properly func¬ 
tions as a reservoir. Dogs with ureteral troughs may have a 
poorer prognosis than dogs with nondistended intramural 

ectopic ureters. 
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FIG 26-17 

Intraoperative photograph of a renal calculus i 


dog. 


in a 


ureteroneocystostomy 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 






the kidney and 


Only 5% to 10% of canine uroliths are in 
ureter; calculi are found even less commonly at these sites in 
cats. Uroliths are named according to their mineral content 
Struvite uroliths (magnesium ammonium phosphate) are 
most common, but other types include calcium oxalate, 

silicate, cystine, and mixed stones. Some disease 

portosystemic shunts) are associated wuth a 






j 


urate, 

processes (he 

high rate of urolithiasis (see p. 460). Certain breeds (i.e 
dalmatians and dachshunds) also have a high incidence of 
urolithiasis because of metabolic abnormalities (see p. 592). 

Whether all renal or ureteral stones should be removed is 
controversial. If they are associated with infection, they 
should be removed; however, removal of uninfected stones 
from the renal pelvis may cause more renal damage than the 
stone. Other facts that must be considered include the effec¬ 
tiveness of medical therapy in dissolving the stone, renal 
function in the affected and contralateral kidney, the ani¬ 
mal’s overall health, and the presence of obstructive uropa- 
thy (i.e., hydronephrosis, hydroureter, 

Ureteral calculi often cause obstruction and require prompt 


¥ 3 


■ y 




or ren al failure). 


RENAL AND URETERAL CALCULI 


surgical removal. 

Although nonsurgical removal of renal calculi is common 

lithotripsy), these techniques are less 


DEFINITIONS 


in human beings (i.e 
available to pets and may be less effective. Any stone that is 

gically removed should be submitted for analysis (Fig. 

26-17). Knowledge of the stone’s mineral composition 

rects the appropriate treatment to prevent recurrence, 

of the relationship between infection and calculi, mi- 

(and possible calculi) are 


Urolithiasis refers to the condition of having urinary calculi 
or uroliths (kidney, ureter, bladder, or urethra). The condi¬ 
tion of having renal or ureteral calculi ( i.e., nephroliths or 
leteroliths) is nephrolithiasis or ureterolithiasis, respec¬ 
tively. Nephrolithotomy is performed to remove renal cal¬ 
culi from the renal pelvis by incising through kidney 

parenchyma; pyelolithotomy is an 
pelvis and proximal ureter. Ureterolithotomy is the removal 
of calculi from the ureter by incision (ureterotomy), A 
staghorn calculus is one that occurs in the renal pelvis and 

mends into the diverticula. 


-j 


sur 


i* 


cau s e 

crobial cultures of urine 
mandatory for patients wdth uroliths. Factors contributing 

to the formation of uroliths include a favorable urine pH, in¬ 
fections a high concentration of crystalloids in the urine, and 
diminished concentration of urine crystallization in 
hibitors (see p. 590 for a more detailed discussion of stone 
formation and treatment). In general, it is difficult to elimi¬ 
nate urinary tract infections if calculi are present. 


incision into the renal 




— 


a 


SYNONYM 

Nephrolithotomy is also known as lithonephrotomy. 
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DIAGNOSIS 

Clinical Presentation 


Signalmen!, Some breeds have a higher incidence of 
urolithiasis because of metabolic abnormalities or underly¬ 
ing disease processes (see p. 590). Breeds at highest risk for 

miniature schnauzers, Shill Tzus, 


developing calculi 
Lhasa apsos, Yorkshire terriers, and female pugs (Ling et ah, 
1998). Also at high risk are male dalmatians and male basset 
hounds. Among small dogs, females generally are at higher 
risk of developing renal calculi than males. Middle-aged to 
older animats have a higher rate of urolithiasis than young 
animals. However, some calculi occur in young animals (i.e., 
urate calculi associated with portosystemic shunts, struvite 


calculi in schnauzers). 

His!ory« The history varies, depending on whether the 
stone has caused obstruction or concurrent infection is 
present. Clinical signs may be intermittent, particularly if 
the animal has been treated with antibiotics. A previous his¬ 
tory of urolithiasis is common if stone analysis was not per¬ 
formed or appropriate therapy not instituted after previous 


surgery. 


Physical Examination Findings 

Renal calculi may be asymptomatic, or they may be asso¬ 
ciated with hematuria, flank pain, or renomegaly. Hema- 

often is the clinical sign noted in cats with 

nephrolithiasis; these cats may 

having feline otologic syndrome (FUS). Animals with 
pyelonephritis may be polyuric or polydipsic, lethargic, 
depressed, febrile, or anorexic. With substantial destruc¬ 
tion of renal tissue, the animal may be uremic (i.e., 
anorexic, depressed, dehydrated, and vomiting). Dysuria 
stranguria may occur with concurrent cystitis. Signs 
associated with ureteral calculi usually are caused by 
concurrent pyelonephritis or obstructive uropathy (he., 

uremia). 

Radiography and Ultrasonography 

Renal calculi may be incidental findings on abdominal radi¬ 
ographs or with ultrasonography. Most renal and ureteral 
calculi are radiopaque and thus appear as increased densities 
in the renal pelvis or ureter (Fig. 26-18), Whenever renal cal- 

diagnosed, the ureters, bladder, and urethra should 
also be examined carefully for calculi. Associated abnormal¬ 
ities (i.e 

ultrasonography (preferred) or excretory urography (see 


FIG A6-1S 

Radiopaque renal calculus in a dog 


be erroneously diagnosed 


DIFFERENTIAL DIAGNOSIS 


as 


Uroliths should be considered in any animal presented for 
treatment of chronic urinary tract infection, hematuria, 
stranguria, pollakiuria, or acute obstructive uropathy 


MEDICAL MANAGEMENT 


or 


Possible underlying causes of renal or ureteral calculi should 
be identified and treated (i.e., infection, portosystemic 
shunts, or metabolic abnormalities). Some stones can be 
managed with dietary therapy or pharmacologic agents (see 
the discussion on bladder calculi, p, 590). If dietary therapy 
is used to dissolve renal calculi, there is a risk that the stones 
will become small enough to enter the ureter and cause ob¬ 
struction; these animals should be monitored carefully tor 
evidence of ureteral obstruction during such therapy Dry 
extracorporeal shock wave lithotripsy has been reported for 
treatment of calcium oxalate urelerolithiasis and nephro¬ 
lithiasis in a 


culi are 


dog (Bailey, Burk, 1995), 


hydronephrosis or hydroureter) may be assessed by 


SURGICAL TREATMENT 


P- 


Surgical removal ol renal and ureteral calculi should be con¬ 
sidered when they are infected or cause obstruction. To pre¬ 
vent irreversible renal damage, surgery should be performed 
as soon as possible once the animal's condition has been 

stabilized. 


Laboratory Findings 

A complete blood cell count, serum chemistry profile, uri¬ 
nalysis, and urine culture should be performed. Concomi¬ 
tant urinary tract infection is common. Renal failure may be 
present as a result of chronic pyelonephritis or obstructive 
uropathy (see p, 549). Findings associated with hepatic dis¬ 
ease (low blood urea 
p o albu m mem i a) 
calculi (see p. 591), 


Preoperative Management 

If possible, hydration, add-base, and electrolyte abnormali¬ 
ties should be corrected before surgery. Appropriate antibi¬ 
otics should be administered as indicated by urine culture 


nitrogen, hypocholesterolemia, or hy- 
may be present in some animals with urate 
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and susceptibility testing. If antibiotic therapy has not been ini 
tiated before surgery, antibiotics (e,g„ cefazolin) should be ad¬ 
ministered alter intraoperative cultures have been taken. Renal 
function should be determined before surgery Nephrectomy 
rather than stone removal, is indicated in nonfunctional kid¬ 
neys; otherwise, the kidney and ureter should be preserved. 


and intensive postoperative care is necessary in these cases to 
minimize morbidity 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Absorbable suture material such as polyglactin 910 (Vicryl), 
polyglycolic acid (Dexon), polydioxanone (PDS), polygly- 
conate (Maxon) or poligle cap rone 25 (Monocryl) should be 
used in the kidney and ureter. Pediatric or ophthalmic in¬ 
struments may facilitate internal surgery 


NOTE * Make sure you determine how functional 
each kidney is before surgery! 


Anesthesia 

It renal impairment is not present, many anesthetic regi¬ 
mens can be used safely. If renal impairment is present, see 
P- 550 for suggested anesthetic protocols. Avoid hypotension 

to protect blood flow to the remaining kidney during 
nephrectomy. 

Surgical Anatomy 

The surgical anatomy of the kidney and ureter are discussed 
on p. 551* 

Positioning 

The animal is placed in dorsal recumbency and the abdomen 
is prepared for a ventral midline incision. The prepared 
should extend from above the xiphoid to caudal to the pubis. 
It nephrectomy is performed, the incision must be extended 
caudally to allow the ureter to be ligated near the bladder. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


1 he animal should be observed closely after surgery for signs 

of urinary obstruction or leakage. Renal failure may occur if 

bilateral nephrotomy was performed or if significant renal 

impairment was present in the contralateral kidney before 

surgery. See p. 558 for postoperative care of patients with re¬ 
nal disease. 


COMPLICATIONS 


The major complications of renal surgery are renal failure, 
hemorrhage, and urinary leakage. Urinary leakage or ob¬ 
struction caused by stenosis or stricture is common with 
ureteral surgery. 


area 


SPECIAL AGE CONSIDERATIONS 


Older animals often have some degree of renal compromise 
and require careful monitoring during any surgical proce¬ 
dure, Hypotension should be avoided during surgery and the 
postoperative period to prevent further renal damage. If 
diac disease is also present, fluids should be used judiciously 
to prevent overhydration while maintaining renal blood flow. 


SURGICAL TECHNIQUE 


The entire urinary system, including the contralateral kidney 

and ureter, should be explored before the calculi 

moved. Occasionally, multiple ureteral or renal and ureteral 

calculi are found. Stones also may be found in the bladder or 

urethra, Rena! calculi can be removed via a nephrotomy (see 

p, 553) or pyelolithotomy (see p. 554). If the renal pelvis and 

proximal ureter are sufficiently dilated, a pyelolithotomy is 

preferred because it avoids renal parenchyma] incision and 

subsequent damage to the nephrons. However, if the stone is 

large and involves the diverticula and the pelvis, nephrotomy 

usually is necessary. Occasionally soft stones can be crushed 

and removed through the renal pelvis, but care is necessary 

to prevent ureteral damage that may cause subsequent stric¬ 
ture formation. 


car- 


are re- 


PROGNOSIS 




If the underlying disease, infection, or metabolic abnormal¬ 
ly b not treated, most uroliths recur. The subsequent 
episodes may occur within a few months. 
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Bilateral nephrotomy can be performed; however, post¬ 
operative renal failure is a risk* If possible, staged procedures 
should be considered. Cultures of the renal pelvis 
should be submitted. The stones should be submitted for 
analysis and possibly microbial culture. In rare cases fungal 
dements; are seen on cytologic analysis of material (grit 
udate) found in the renal pelvis* 

Lreterotomy may be performed in animals with ureteral 
calculi; however, a combination of microsurgical techniques 


or ureter 


, ex¬ 


tra ns- 
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comes nonfunctional. Large renal neoplasms may compress 
or invade the caudal vena cava, causing vascular obstruction. 
Collateral circulation usually develops in such cases, pre¬ 
venting clinical signs (i,e., rear limb edema or ascites). 


Kyles AE et all Diagnosis and surgical management of obstructive 
ureteral calculi in cats: II cases (1993“ 1996), JAm Vet Med Assoc 
213:3150, 1998. 


RENAL AND URETERAL NEOPLASIA 


NOTE * Primary renal neoplasia may occur bilat¬ 
erally. 


DEFINITION 


DIAGNOSIS 

Clinical! Presentation 

Signalmen t. Renal carcinomas occur more commonly 
in males than females and may be hormonally induced, In 
German shepherds, renal cyst adenocarcinomas have been 
associated with generalized nodular dermatofibrosis. This 
syndrome occurs most commonly in middle-aged dogs of 
either gender and appears to be inherited in an autosomal 
dominant fashion. Renal neoplasia most commonly occurs 
in middle-aged or older animals. Nephroblastomas and un¬ 
differentiated renal sarcomas occur most commonly in 
young dogs and cats; however, they may also occur in older 
animals. Teratomas may occur in the kidneys of young dogs, 

History* The history of animals with primary renal tu¬ 
mors often is vague and nonspecific. Although the owner 
may relate intermittent or chronic signs associated with the 
urinary tract or systemic signs of renal failure, the most 
common signs are anorexia, depression, and weight loss. Oc¬ 
casionally the only abnormality noted is abdominal enlarge¬ 
ment associated with a renal mass. Renal failure is seen pri¬ 
marily with bilateral involvement (e.g, } lymphoma in cats). 
Dyspnea related to pulmonary metastasis occasionally is 
noted. With some benign neoplasms (i.e., hemangioma), in¬ 
termittent: or constant hematuria is common. 


Nephroblastomas are rapidly developing, malignant mixed 
tumors that arise from embryonal elements of the kidney. 


SYNONYMS 


Embryonal adenomyosarcoma, nephroma, Wilms' tumor 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Primary renal tumors are uncommon in dogs and cats. They 
usually are malignant in both species. In dogs, carcinomas 
are most common (Table 26-7). Benign renal tumors occa¬ 
sionally occur. Lymphoma is the most common renal neo¬ 
plasm in cats and may be primary or metastatic, associated 
w it h the all m e n ta ry fo r m o f this d i sease. Generali zed nodu¬ 
lar dermatofibrosis, a skin disorder seen in German shep¬ 
herds, has been associated with renal cystadenocareinomas 
and other neoplasms in this breed. 

Bilateral renal involvement occurs in nearly 30% of dogs 
with primary renal neoplasia. Metastasis to the liver, adrenal 
glands, lungs, lymph nodes, bone, and brain is common with 
renal tumors. With renal carcinoma, pulmonary metastasis 
is detected radiographically in nearly half of affected dogs. 
Pulmonary metastasis occurs with some nephroblastomas 
but is infrequent for transitional cell tumors. Renal metasta¬ 
sis of other primary abdominal tumors is also common. Re¬ 
nal neoplasia may cause local signs or systemic manifesta¬ 
tions of renal failure. Tumors arising from the renal pelvis 
are more apt to cause hematuria or hydronephrosis than 
signs of renal failure. Unilateral renal damage may not be as¬ 
sociated with systemic clinical signs even if the kidney be- 


Physkol Examination Findings 

.An abdominal mass often is palpated in dogs and cats with 
renal neoplasia. The kidney may feel enlarged, firm, or 
nodular. Other findings are often nonspecific and may in¬ 
clude weight loss, anorexia, depression, anemia, dyspnea, 
and pyrexia. Lameness has been associated with bony metas¬ 
tasis and hypertrophic osteopathy. 

Radiography and Ultrasonography 

Renal enlargement may be identified on survey abdominal 
radiographs; however, ultrasonography is more sensitive and 
specific. Excretory urography may allow localization of rena! 
neoplasia and assessment of parenchymal involvement. If 
vascular involvement is suspected, selective angiography can 
be used to detect intravascular or extravascular (compres¬ 
sive) lesions. Thoracic radiographs should be taken to detect 
pulmonary metastasis and hypertrophic osteopathy. 

Laboratory Findings 

Laboratory findings often are nonspecific; however, anemia 

and azotemia are common. A complete blood cell count (.in¬ 
cluding a platelet count), serum chemistry profile, and uri¬ 
nalysis should be performed. Jn rare cases polycythemia may 


TABLE 26-7 


Types of Canine Renal Tumors 


Malignant 

* Carcinomas 

* Hemangiosorcomas 

* Fibrosarcomas 

* Transitional cell carcinomas 

* Nephroblastomas 

* Squamous cell carcinomas 

* Undifferentiated carcinomas 

Benign 

* Adenomas 

* Hemangiomas 

* Teratomas 
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lignant renal neoplasia, but tittle data are available on which 
to base recommendations at this time- Cats with renal lym¬ 
phoma may respond to chemotherapy for variable time 

periods. 

Preoperative Management 

If possible, hydration, acid-base, and electrolyte abnormal¬ 
ities should be corrected before surgery. Perioperative an¬ 
tibiotic therapy is indicated in some patients (i.e., large 
neoplasms that may be secondarily infected, or the patient 
may be immunosuppressed or chronically debilitated). An¬ 
imals with preexisting infection (i.e,, urinary tract infec¬ 
tions) should be treated with antibiotics before surgery. If 
the patient is anemic, preoxygenation is beneficial Preop¬ 
erative blood transfusions should be considered in moder¬ 
ately to severely anemic patients, and blood should be 
available for intraoperative and postoperative transfusions 
if needed. 

Anesthesia 

If renal impairment is not present, many anesthetic regi¬ 
mens can be used safely. If renal impairment is present, see 
p. 550 for suggested anesthetic protocols. 

Surgical Anatomy 

The surgical anatomy of the kidney and ureter is discussed 
on p. 551. 

Positioning 

The animal Is placed in dorsal recumbency, and the ab¬ 
domen is prepared tor a ventral midline incision. The pre¬ 
pared area should extend from above the xiphoid to below 

the pubis. 


be found. Gross hematuria may occur with mesenchymal tu¬ 
mors fi.e., anaplastic sarcomas, fibromas, hemangiosarco- 

and lymphosarcoma) and transitional cell tumors; 


mas, 

however, microscopic hematuria is more common. Protein¬ 
uria may also be noted* 


DIFFERENTIAL DIAGNOSIS 


Renal neoplasia must be differentiated from other causes of 
renomegaly (i.e 

scess) or abdominal enlargement (e.g., neoplasia of the ad¬ 
renal glands, spleen, liver, or lymph nodes). Abdominal ul¬ 
trasonography is the most 
Ultrasound-guided biopsy can be performed if the kidney 
does not appear fluid filled; however, the biopsy may cause 
peritonitis or uncontrollable hemorrhage or may seed the 

abdomen with tumor cells. 

Perirenal pseudocysts have been reported in cats and are 
formed when fluid accumulates between the parenchyma of 
the kidney and the renal capsule as a result of underlying 
parenchymal disease (Beck et al, 2000; Ochoa et ah, 1999). 
Resection of the pseudocyst wall is effective in eliminating 
signs but does not stop the progression of renal disease. The 
prognosis for cats with pseudocysts is related to the degree of 
renal dysfunction at the time of diagnosis. 


hydronephrosis, polycystic disease, or ab¬ 


useful diagnostic tool. 


MEDICAL MANAGEMENT 


Preoperative medical management of animals with renal 
neoplasia is necessary if renal failure is present or anemia is 
severe (i.e., the packed cell volume is below 20%). Medical 
management of animals with renal failure is discussed on 

p. 549, 


SURGICAL TREATMENT 


Nephrectomy is indicated for malignant renal tumors if they 
are unilateral and there is no evidence of metastasis (Fig. 
26-19). Dogs with renal carcinoma occasionally live lor years 
after removal of the affected kidney. However, metastasis 
typically is present at the time of diagnosis because of the 
late onset of clinical signs. Adjuvant chemotherapy or radia¬ 
tion therapy may prolong the lives of dogs and cats with ma- 


SURGIGAL TECHNIQUE 


The entire abdomen should be explored for metastasis be¬ 
fore performing a nephrectomy (see p. 551). The other kid¬ 
ney should be palpated and biopsies performed if bilateral 
involvement is suspected. Intraoperative cytologic evalua¬ 
tion or examination of frozen sections is helpful tor deter¬ 
mining if the tumor is malignant. The adjacent ureter 
should be located to ensure that it is not inadvertently lig¬ 
ated. Occasionally the tumor will invade surrounding tissues 
(e.g., sublumbar musculature or the caudal vena cava), mak¬ 
ing removal of the entire kidney difficult. The entire ureter 
should be removed with the kidney. Careful handling of the 
neoplastic kidney and ligation of the renal vein may help 
prevent seeding of neoplastic cells via the vasculature or di¬ 
rectly into adjacent tissues. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Absorbable suture material such as polvglactin 910 (Vicryl), 
poly glycolic acid (Dexon), polydioxanone (PDS), polygly- 
conate (Maxon), or poliglecaprone 25 (Monocryl), or non¬ 
absorbable cardiovascular silk can be used to ligate the renal 
vessels and ureter. 


Reno 1 hemangioendothelioma in o 6-year-old dog. 


Y 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


experimental study was performed on 8 normal adult dogs. 
Partial ureteral obstruction was created in 8 dogs by incom¬ 
plete ligation of the terminal right ureter, Ureteroneocys- 
tostomy was performed in 7 dogs with unilateral partial 
ureteral obstruction and in l dog that had developed bilateral 
partial ureteral obstruction. ^ m Tc-DTPA scintigraphy was 
performed intermittently for 2 weeks after ureteroneocys- 
tostomy. Unilateral partial ureteral obstruction was induced 
successfully in 7 dogs. After ureteroneocystostomy, the per¬ 
centage of kidney uptake of ■ m Tc-DTPA was low in 4 affected 
kidneys. The uptake returned to within normal limits in 2 of 
the kidneys during the observation period, A significant in¬ 
crease in renal transit time was observed 2 and 4 days after 
ureteroneocystostomy Transit time progressively returned to 
normal by 4 to 11 days for all affected kidneys except one. The 
authors concluded that ureteroneocystostomy resulted in 
persistent partial ureteral obstruction for 4 to 11 days as de¬ 
termined by 99m Tc-DTPA scintigraphy y9n, Tc-DTPA scintig¬ 
raphy may be a useful procedure for monitoring renal func¬ 
tion and ureteral obstruction alter ureteroneocystostomy. 


See p. 558 for postoperative care of patients with renal disease. 


COMPLICATIONS 


The major complications of nephrectomy are hemorrhage 
and urinary leakage if the vessels or ureter are not adequately 
ligated. If the animal had preexisting renal dysfunction, 
rial failure may occur postoperative!v. With large renal tu- 

ligation of the opposite ureter is possible if care is not 


re- 


mors, 

taken to determine its location intr a operatively. 


SPECIAL AGE CONSIDERATIONS 


Older animals may have some degree of renal dysfunction in 
the contralateral kidney and require careful monitoring dur¬ 
ing the surgical procedure. Also, many animals have bilateral 
renal neoplasia. Renal neoplasia should not be excluded as a 
possible diagnosis in young animals with renomegaly 


PROGNOSIS 


Because of the aggressive, malignant nature of most renal tu- 

and the fact that they are seldom diagnosed early, the 
prognosis typically is poor. However, if nephrectomy is per¬ 
formed early 

ble. Long-term survival (i.e., 2 years) with nephroblastoma is 
possible. With benign neoplasia, nephrectomy usually ls 

curative. 


Beck JA, Bellenger CR, Lamb WA, Churcher RK, Hunt GB 1 
Nicoll RG, Malik R. Perirenal pseudocysts in 26 cats. Aust 
Vet} 78:166, 2000. A retrospective study was reported of 26 
affected cats, including 8 cats treated surgically. Nineteen 
(73%) affected cats were male, and most were presented for 
treatment of abdominal enlargement and had varying de- 

of renal dysfunction. Thirteen cats (50%) had bilateral. 


before metastasis, long-term survival is possi- 


grees 

pseudocysts. All surgically treated cats had subcapsular 
perirenal pseudocysts. Associated renal lesions were identi¬ 
fied in all cats that had renal biopsies or a detailed ultra¬ 
sonographic examination. Surgery relieved the clinical signs 
but did not stop the progression of renal disease. Cats sur¬ 
vived a median of 9 months after surgery The authors con 

eluded that subcapsular perirenal pseudocysts are formed in 
cats by accumulation of transudate between the capsule and 
parenchyma of the kidney as a result of underlying 
parenchymal disease. Resection of the pseudocyst wall usu¬ 
ally is effective in eliminating signs but does not stop the 
progression of renal disease. The prognosis 
pseudocyst formation is related to the degree of renal dys¬ 
function at the time of diagnosis. 
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Ryles AE, Stone EA> Gookin J, Spaulding K, Clary EM, 

Wylie K, Spodnick G. Diagnos is and surgical management 
of obstructive ureteral calculi in cats: 13 cases (1993-1996). 
) Am Vet Med Assoc 213:1150,1998. This study was designed 
to evaluate diagnostic methods, surgical treatment, periop¬ 
erative management, and renal function in cats. A retrospec¬ 
tive case study was performed on 11 cats that underwent 

for removal of calcium oxalate ureterolitk. 


Selected abstracts of rece nt manuscripts _ 

Barthez PY, Smeak DD, Wisner ER, DiBartola SP, Chew DJ. 
Ureteral obstruction after ureteroneocystostomy in dogs 
assessed by technetium (Tc 99m) diethylenetriamine pen- 
taacetic acid (DTPA) scintigraphy. Vet Surg 29:499, 2000. 

The purpose of this study was to use technetium diethylene¬ 
triamine pentaacetic add ( 99m Tc-DT PA) renal scintigraphy to 
monitor ureteral obstruction after ureteroneocystostomy. An 


surgery 

Ureteroliths in the proximal portion of the ureter re¬ 
moved from 5 cats (pyelotomy, 1 cat; unilateral ureterotomy, 
2 cats; bilateral ureterotomies, 2 cats). Calculi in the middle 
and distal part of the ureter were removed by partial 
ureterectomy and ureteroneocystostomy (6 cats). Ten cats 
recovered from surgery and were discharged from the hospi¬ 
tal. Eight cats were evaluated 12 to 20 months after surgery, 
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pisode of urolithiasis. The risk of formation of renal calculi 
found to be higher for cats than for dogs compared with 
other stone-forming cats and dogs. Among dogs, breeds at 
highest risk of developing renal calculi were miniature 
schnauzers, Shih Tzus, Lhasa apsos, Yorkshire terriers, and 
female pugs. Among small dogs, females generally were at 
higher risk of developing renal calculi than were males. 
Breeds of dogs at low risk for development of renal calculi 
included crossbreds, German shepherds, Labrador retriev- 
> Golden retrievers, and female dachshunds. When only 
one kidney was involved, the risk of left renal calculus was 
greatest for both dogs and cats, but bilateral renal involve¬ 
ment was relatively common in both species (19% and 9%, 
respectively). Female dogs formed renal calculi containing 
struvite or oxalate more often than did males; males formed 
calculi containing urate more often than did females. Cross¬ 
bred cats were significantly less likely to have renal calculi 
than were other breeds. No significant differences were ob¬ 
served between male and female dogs or between male and 
female cats with regard to mineral type of the specimen and 
the presence of urinary tract infection. 


Of these, 2 cats improved after surgery, and 2 cats developed 
nephroliths after surgery. Of 5 cats that had nephroliths that 

not removed at the time of surgery, 4 still had visible 
nephroliths. One cat had recurrent ureteral obstruction 
from a ureterolith and persistent urinary tract infection. The 
authors concluded that a combination of 
techniques 

minimize morbidity of cats after removal of a ureterolith. 
Renal function may improve or stabilize after removal of the 

ureteral obstruction. 


was 




were 


microsurgical 


and intensive postoperative care is needed to 


ers 


Lamb CR, Gregory SR Ultrasonographic findings in 14 
dogs with ectopic ureter. Vet Radiol Ultrasound 39:218, 
1998. The purpose of this study was to evaluate ultrasonog¬ 
raphy as an alternative to contrast radiography 
nosis of ectopic ureter in dogs. Fourteen dogs had ectopic 
ureter based on surgical, necropsy, or unequivocal contrast 
radiographic findings. Ectopic ureters were unilateral in 5 
dogs (2 left; 3 right) and bilateral in 9 dogs. Both ultrasound 
images and contrast radiographs were positive for 21 (91%) 
ectopic ureters; the same two ectopic ureters were not de¬ 
tected using either modality Other ultrasonographic 
mgs included dilatation of the ectopic ureter and/or ipsilat- 

10 (43%) instances, evidence of 


for the di 


Ochoa VB, DiBartola SP, Chew DJ, Westropp J> Carothers 
M, Biller D. Perinephric pseudocysts in die cat: a retrospec¬ 
tive study and review of the literature. / Vet Intern Med 
13:47, 1999, Perinephric pseudocysts {PNPs) are fluid-filled, 
fibrous sacs that surround the kidney and are not lined by an 
epithelium. In cats PNPs are idiopathic, but they usually oc¬ 
cur in association with chronic renal failure (CRF). Thirteen 
cats with PNPs were examined. PNPs occurred in mixed- 


era) renal pelvis in 
pyelonephritis in 2 dogs (with enlargement of the contralat¬ 
eral kidney in 1 dog), and urethral diverticuli in 1 dog. The 
authors conclude that ultrasonography is a practical diag¬ 
nostic test for ectopic ureter in dogs. This study showed a 
dose correlation between the ultrasonographic and contrast 
radiographic findings for each ectopic ureter, but ultra¬ 
sonography allowed more accurate determination of normal 

ureteral anatomy 


breed cats of either gender with a median age of 16 years. I he 
PNP was palpable on physical examination and usually was 
interpreted as renomegaly. Clinicopathologic findings re¬ 
flected CRF, and urinary tract infection was common. In rare 

primary renal disease was diagnosed concurrent with 
PNPs and CRF. Diagnosis of PNPs was made by ultrasound 
examination and fine-needle aspiration, and treatment was 
provided by surgical removal of the PNP or ultrasound- 
guided drainage. Compared to previous reports of PNPs, this 
series of cats tended to be older, and no gender predilection 
found, but other findings were similar to those in the 1ft- 


Ling GV, Ruby AL, Johnson DL, Thurmond M, Franti CE. 
Renal calculi in dogs and cats: prevalence, mineral type, 
breed, age, and gender interrelationships (1981-1993), J 
Vet Intern Med 12:11,1998, Renal calculi were studied from 
317 dogs (214 female, 103 male) and 71 cats (38 female, 33 
male}. The breeds most represented were miniature schnau- 
zers, Shih Tzus, Lhasa apsos, Yorkshire terriers, female pugs, 
male dalmatians, and male basset hounds. The 
with renal calculi were older than the animals in the com¬ 
parison population groups. More than half of the calculi 
from affected dogs and cats were from the first known 


cases a 


dogs and cats 


was 

erature. Cats with PNPs may have a favorable prognosis if 
CRF is not severe and no concurrent diseases are present. 
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GENERAL PRINCIPLES 
AND TECHNIQUES 








animal prone to cardiac arrhythmias; therefore fluid and 
electrolyte abnormalities should be corrected before induc¬ 
tion of anesthesia (see p. 587). 

Hyperkalemia, besides causing a predisposition to cardiac 
arrhythmias, causes bradycardia, absent or flattened P waves, 
prolongation of the P-R interval, widened QRS complexes, 
and/or “tented” or spiked T waves. Potassium concentrations 
greater than 7.0 mEq/L may be associated with irregular id¬ 
ioventricular rhythms, and when potassium concentrations 
exceed 9.0 mEq/L, atrial standstill is common. Mild or mod¬ 
erate hyperkalemia may be treated with IV fluids (Le., 0.9% 
saline for dilution; Table 27-1). If the animal has concurrent 
hyponatremia, 5% dextrose solutions (he., D5W) and half- 
strength saline should be avoided. 

Hyperkalemia from uroabdomen responds well to ab¬ 
dominal drainage plus intravenous fluid therapy. Hyper¬ 
kalemia due to urethral obstruction responds well to intra¬ 
venous fluids plus elimination of the obstruction. Although 
seldom required, severe hyperkalemia may be treated with 
sodium bicarbonate (Table 27-2). Bicarbonate therapy 
drives potassium into cells in exchange for hydrogen ions, 
Alternatively, life-threatening hyperkalemia can be treated 




n ‘ 


DEFINITIONS 


Cystotomy is surgical incision into the urinary bladder 
whereas urethrotomy is an incision into the urethra. Cys¬ 
tectomy is removal of a portion of the urinary bladder. Cys- 
tolithiasis and cystolithectomy refer to the development of 
urinary bladder calculi and their removal, respectively. The 
trigone of the bladder is a smooth triangular portion of the 
mucous membrane at the base of the bladder (i.e., near the 
urethra) where the ureters empty. Cystostomy is the cre¬ 
ation of an opening into the bladder; prepubic catheteriza¬ 
tion (temporary cystostomy) is usually performed to pro¬ 
vide cutaneous urinary diversion in animals with urethral 
obstruction or trauma. Uroabdomen is the condition of 
having urinary leakage into the abdominal cavity; the urine 
may be from the kidneys, ureters, bladder, or urethra. Ure¬ 
throstomy is the creation of a permanent fistula into the 
ureth ra and is genera 11 y performed for irreparab]e or recur- 
rent urethral stricture, or to prevent repeated obstruction 
(i.e„ with feline urologic syndrome or sterile cystitis). 


PREOPERATIVE CONCERNS 


Cystolithiasis, neoplasia, and rupture are the most common 
abnormalities of the urinary bladder in small animals. Uri¬ 
nary obstruction may occur if calculi become lodged in the 
urethra or a tumor obstructs the proximal urethra or 
trigone. Male cats with sterile cystitis may develop penile 
urethral obstruction (see p, 604). Obstruction to urinary 
flow may result in a distended urinary bladder, postrenal 
uremia, and hyperkalemia. Bladder rupture primarily occurs 
after motor vehicular trauma; urine leakage may also occur 
from necrotic bladders (Le., following damage to its blood 
supply) or as a complication of bladder surgery (Fig. 27-1). 
Urinary leakage into the abdominal cavity results in uremia, 
dehydration, hypovolemia, hyperkalemia, and death if undi¬ 
agnosed or untreated. Urinary obstruction and uroperi- 
toneum are medical emergencies, not surgical emergencies. 
Hyperkalemia associated with these conditions makes the 
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FIG* 27-1 


Positive contrast eystourethrogram in a dog 3 days after c 
cystotomy was performed. Note contrast leaking from the 
incision at the dorsal aspect of the bladder 
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\ TABLE 27-1 


'treatment of Hyperkalemia in Cats 


1, Dilute by giving 0.9% saline IV 

2. If necessary give sodium bicarbonate (see Table 27-2) 

insulin (0.5 units/kg regular insulin IV) plus dextrose 


(2 g per unit of insulin) 

3. If hyperkalemia is life-threalenin 

cium gluconate [G.5-C0 ml/kg) for transient cardiac 
protection. Give slowly (over 5-10 min) while monitor¬ 
ing the patient's ECG, 


may give 10% ca - 


TABLE 27-2 






FIG. 27-2 


Sodium Bicarbonate Therapy 




Radiograph of a dog with spontaneous urethral rup 
associated with o urinary tract infection. Note the U 
contrast into the tissues just caudal to the os penis. 




i-2 mEq/kg IV; repeat only if indicated based on assess¬ 
ment of acid-base balance ond potassium concentration 


or 


0,3 X base deficit [mEq]* X b.w. (kg) (give half IV and 

remainder over 4-6 hr if necessary) 


can necrose if left untreated* Management of patients with 
urethral rupture before surgery may necessitate placement 
of an indwelling urinary catheter and/or cutaneous urinary 
diversion (tube cystostomy). 


* Desired bicarbonate-patient's bicarbonate. 




with insulin and dextrose administration (see Table 27-1), 
Insulin facilitates cellular uptake of potassium, while dex¬ 
trose prevents hypoglycemia following insulin administra¬ 
tion. 11 the hyperkalemia appears immediately life threaten¬ 
ing, 10% calcium gluconate given slowly intravenously may 
protect the heart until other therapy lowers the plasma 
potassium concentration. 

In animals with uroperitoneuni, hyperkalemia and 
azotemia are best treated with fluids (dilution) and preven¬ 
tion of reabsorption of electrolytes and waste products by 
providing abdominal drainage. Penrose drains are ineffec¬ 
tive for long-term abdominal drainage (i.e., more than 12 to 
24 hours) because they are quickly isolated from the abdom¬ 
inal cavity by omentum and fibrin (see p. 587); however, 
they can be used for short-term management in patients 
with uroabdomen. The goal of abdominal drainage in these 
patients is to normalize serum electrolytes and decrease 
azotemia, making the animal a better candidate for anesthe¬ 
sia. Abdominal drainage for 6 to 12 hours is often adequate 
for this purpose. Alternately, peritoneal drainage may be ac¬ 
complished by placement of a peritoneal dialysis catheter. 
These catheters are preferred over Penrose drains because 
they can be attached to an empty fluid bag, allowing for a 
closed system. Peritoneal dialysis may be especially useful 
when treating patients with concurrent renal dysfunction. 

Urethral trauma (e.g., gunshot or bite wounds, rupture 
due to vehicular trauma) or neoplasia may result in urinary 
obstruction. If the prostatic or penile urethra is torn, subcu¬ 
taneous urine leakage may occur. Spontaneous rupture of 
the urethra may also occur in some dogs (Fig, 27-2), Initial 

signs of subcutaneous urine leakage are bruising and/or 
swelling of the tissues. The skin and subcutaneous tissues 


ANESTHETIC CONSIDERATIONS 


Electrolyte (i.e. T hyperkalemia) and acid-base abnormalities 
in patients with urinary obstruction or leakage should be 
corrected before anesthetic induction (see above and pp, 587 
and 605). Fluids are given intravenously to restore normal 
hydration and combat postobstruction diuresis* Relief of ob¬ 
struction without appropriate parenteral fluids commonly 
results in hypovolemia and possibly death. An EGG should be 
monitored before, during, and after surgery for cardiac ar¬ 
rhythmias, If the animal is hyperkalemic, 0.9% saline should 
be used for fluid therapy. If the serum potassium is normal, a 
balanced electrolyte solution should be administered. 

Anticholinergics are not routinely recommended for 
trauma patients because they may increase heart rate and 
oxygen consumption, and cause a predisposition to cardiac 
arrhythmias. If analgesia is needed, butorphanol, oxymor- 
phone, or buprenorphine may be given in small, incremen¬ 
tal doses (Table 27-3), A cetyl promazine should only be used 
if volume replacement has been adequate and shock or se¬ 
vere blood loss are unlikely, Thiobarbiturates are arrhvth- 
mogenic and should therefore be used cautiously in animals 
with preexisting arrhythmias. Combinations of opioids and 
benzodiazepines (diazepam) do not cause severe vasodila¬ 
tion or myocardial depression and are useful for inducing 
anesthesia despite hypovolemia or dehydration (Table 27-4), 
Etomidate may be used for induction since it maintains car¬ 
diovascular stability and is not arrhythmogenic. Alterna¬ 
tively, if the patient is not vomiting, mask or chamber in¬ 
duction can be used, or thiopental or propofol may be 
administered at reduced dosages. Cats maybe premedicated 
using low dosages of butorphanol, buprenorphine, or oxy- 
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based on urine culture and susceptibility. Alternately antibi¬ 
otics can be withheld until appropriate intraoperative cul¬ 
tures have been taken. When culture from urine obtained bv 
cystocentesis is negative, aerobic cultures of a bladder mu¬ 
cosal biopsy should be obtained. In one study an organism 
was cultured from the bladder mucosa or a urolith in 18,5% 
of the dogs with urolithiasis from which a negative urine 
culture had been obtained (Hamaide et ah 1998). In a recent 
study E . colt was the most common isolate from 383 dogs 
with recurrent or persistent urinary tract infections; how¬ 
ever, 58% of the female and 55% of the male dogs had mixed 
bacterial infections (Norris et ah 2000). Potentially nephro¬ 
toxic antibiotics (he., aminoglycosides, tetracycline) should 
be avoided in patients with obstructions (see p. 550), 


TABLE 27-3 


Selected Anesthetic Protocols for Use in Stable Dogs 
and Cats with Urinary Abnormalities 


P re medication 

Oxymorphone* (0.05-0,1 mg/kg SC or IM) or bufor- 
phanol (0.2-0.4 mg/kg SC or IM) or buprenorphine 

[5-15 fxg/kg IM) 

Induction 

Thiopental [10-12 mg/kg IV) or propofol (4-6 mg/kg IV) 

[see text also) 

Maintenance 

Isoflurane, halothane or sevoflurone 


SURGICAL ANATOMY 


*Use 0,05 mg/kg in cots. 


The bladder location varies depending on the amount of 
urine it currently contains; when empty it lies entirely or al¬ 
most entirely, within the pelvic cavity. In a 12-kg dog it holds 
up to 120 ml of urine without becoming overly distended, 
The bladder is divided into a neck, which connects it to the 
urethra, and a body The bladder receives its blood supply 
from the cranial and caudal vesical arteries, which 
branches ol the umbilical and urogenital arteries, respec¬ 
tively Sympathetic innervation is from the hypogastric 
nerves, while parasympathetic innervation is via the pelvic 
nerve. The pudendal nerve supplies somatic innervation to 
the external bladder sphincter and striated musculature of 
the urethra. The urethra in male dogs is divided into prosta¬ 
tic membranous and penile portions (see below). 


TABLE 274 


Selected Anesthetic Protocols for Use in Decompensated 
Patients in Renal Failure or Hypovolemic, Dehydrated, 
or Shocky Animals with Urinary Abnormalities 


are 


Dogs 

Premedication and Induction 

Oxymorphone (0.1 mg/kg IV) plus diazepam (0.2 mg/kg 
IV). Give in incremental dosages. Intubote if possi 
If necessary, give etomidate jO.5-1.5 mg/kg IV). 

[See text also.) 

Maintenance 

Isoflurone or sevoflurone 

Cats 

Premedica tion 

Butorphanol (0,2-0,4 mg/kg SC or IM) or buprenorphine 
(5-15 pg/kg IM) or oxymorphone (0.05 mg/kg SC or 




e. 


SURGICAL TECHNIQUES 


For the bladder, an incision is made from the umbilicus 
dal to the pubis (Fig. 27-3). The proximal urethra (i.e., pro¬ 
static urethra) can be reached by this approach; however, 
pelvic osteotomy or symphysiotomy is required for adequate 
exposure of the membranous urethra (i.e,> from the caudal 
edge of the prostate to the ischial arch; Figs. 27-4 and 27-5). 
The penile urethra begins at the ischial arch and extends to 
the external urethral penile orifice. The penile urethra may 
be approached in the perineal (perineal urethrotomy) 
scrotal (scrotal urethrotomy) regions, or between the scro¬ 
tum and the external urethral orifice (prescrotal urethro¬ 
tomy). T he skin overlying the site is prepared for aseptic sur¬ 
gery in the standard fashion before using either approach. 


cau- 


IM) 


fn duction 

Diazepam (0,2 mg/kg IV) followed by etomidate (0.5-1 .5 
mg/kg IV). (See text also.) 

Maintenance 

Isoflurone or sevoflurone 


or 


morphone and induced with etomidate. Because cats excrete 
in their urine the active form of ketamine it should be used 
very cautiously (if at all) in this species if urinary obstruc¬ 
tion or renal dysfunction is present. Isoflurane and sevoflu- 
rane are the least cardiodepressant inhalation anesthetics. 


Cystotomy 

Cystotomy may be performed for removal of cystic and ure¬ 
thral calculi (see p, 590), identification and biopsy of 
lesions ( see p. 597), repair of ectopic ureters (see p, 558), or 
diagnosis of urinary tract infection resistant to treatment 
The incision is generally made on the dorsal or ventral sur¬ 
face of the bladder, away from the urethra; however, ventral 
exposure is performed if identification and/or catheteriza¬ 
tion of the ureteral openings is necessary. The goal of cysto¬ 
tomy closure is to obtain a watertight seal that will not pro¬ 
mote calculi formation. This can be accomplished using a 


mass 


ANTIBIOTICS 


Perioperative antibiotic therapy should be considered in an¬ 
imals with urinary obstruction or leakage because infection 
prolongs healing and may promote stricture formation. An¬ 
imals with cystic or urethral calculi often have concurrent 
infections and should be treated with appropriate antibiotics 
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FIG. 27-4 

The urethra of male dogs is composed or prostatic, 
membranous, and penile portions. 
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To expose the bladder, make an incision 

to the pubis. 
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double-layer appositional pattern or by inverting 

inn absorbable suture material. If the blad- 
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suture patterns using 

der wall is thick, a single-layer appositional closure is 

and, ideally, the suture should not penetrate the blad¬ 
der lumen. In normal bladders, however, a double-layer 
inverting suture pattern is frequently used and luminal pen¬ 
etration is common. Suturing the bladder mucosa as a sepa- 

layer (in a simple continuous suture pattern, seems to 
decrease postoperative bleeding in dogs with bleeding ten¬ 
dencies (see the discussion on suture materials below). 
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Anatomy of the bladder, urethra, and reproductive system i 


in 
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male cats. 




to the incision and submit it for culture . Check the bladder 

for a diverticulum and remove it if necessary : Examine 

catheter down the urethra 


i — 


o 


Isolate fhe bladder from the rest of the abdominal cavity by 

isfened laparotomy pads beneath it. Place stay 

facilitate manipulation (Fig. 

27~6 { AJ. Make the incision in the dorsal or ven 

jfo bladder, oway from foe ureters and urethra and between 
major Wood vesse/s, Remove urine by suction [per term J nit a- 
operative cystecentesis before cystotomy if suction 
available). Excise a small section of the bladder wall adjacent 


apex 

the mucosa for defects and pass 
to check for potency. Close the bladder in two or three layers 

with absorbable suture material. For a twodayer closure, su¬ 
ture the seromuscular layers with two continuous inver ting su 

followed by Lemberi; Fig. 27-6, BJ. If 


»r 


a 


placing mo 
sutures an the bladder apex to 


t. 


r- 


tral aspect of 


al 


a* 


Cush mg. 


ture lines (i.e 

three-layer closure is used, suture foe mucosa as a separate 
layer w/fo a simple continuous suture pattern. 
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is not 
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FIG- 27-6 


resect or biopsy neoplasms, or 


Cystotomy is indicated to remove calculi, 
correct congenital abnormalities. A, isolate the bladder and place stay sutures in it to 

manipulation. Make the incision in the dorsal or ventral aspect of the bladder. 
B f For a two-layer closure, suture the seromuscular layer with two continuous inverting 


repoir trauma 


* 


facilitate 




anesthesia (augmented by chemical restraint or mask inhala¬ 
tion anesthesia* if necessary). They can also be placed during 
exploratory laparotomy. Removal of the Stamey catheter can 
be performed by gentle traction within 3 or 4 days after place¬ 
ment without risk of urinary leakage; however, it is recom¬ 
mended that a Foley catheter be left in 3 to 7 days. 


NOTE • When removing cystic calculi, be sure to 
catheter!ze the urethra and Flush until you are certain 
that the urethra is free of calculi. Leaving stones in 
the urethra is a common error 












Cystostomy (Prepubic Catheterization) 

Temporary cystostomy or prepubic catheterization is per¬ 
formed to provide cutaneous urinary diversion in animals 
with urinary obstruction, or traumatized or surgically re¬ 
paired urethras. It may also be advisable for animals with 
bladder atony secondary to neurologic disease or to prevent 
ove rd iste n t i o n of th e blad der aft e r su rgery. Cysto sto my may 
b e p e rfo rm ed by plac i n g a F oley ca t h e ter (6 to 12 F rench) via 
a small abdominal incision, or percutaneously by placing a 
Stamev Malecot catheter (10 to 14 French) into the bladder 
(Fig. 27-7). Gastrostomy tubes have also been used for prepu¬ 
bic catheters. Premature removal of the Stamey Malecot 
catheter may occur; therefore surgically placed Foley catheters 
may be preferred for long-term catheterization in ambulatory' 
patients. The catheters can generally be placed under local 


fa place a Foley ca th e ter, ni ake a smal I m id // n e incision cou- ] | 

dal to the umbilicus in females or adjacent to the prepuce in 
males . Locate the bladder and place stay sutures and a 
purse-string suture into it (Fig . 27-8, A). Place the tip of the 
Foley ca th eter in to th e cjbdo m /n al ca vi by th roug h a sepa ro te 
stab incision in the abdominal wall (Fig, 27-8 f BJ. Moke a 

small stab incision into the bladder (within the purse-string 
suture} and place the Foley catheter into the bladder lumen . 
Inflate the balloon with saline and secure the catheter within 


the lumen by thing the purse-string suture around it with a 

Roman sandal suture (see p. 792 and Fig 


. 27-8, Cl Tack the 

bladder to the body wall with several absorbable sutures 
(Fig. 27-8, DJ. Close the initial incision and tack the catheter 
to the skin by placing sutures through a piece of tape at¬ 
tached to the catheter. 
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Malecot catheter (B) into the bladder. 
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A, To place a Foley 
sutures and a purse-strln 


a small incision 


the bladder. Place the tip of the Foley catheter Into the 


suture in 


i 


stab incision in the abdominal wall. B, Make a small 


into the bladder and place the Foley 

ine and secure the catheter within the lumen by tieing 


stab incision 






purse-string suture a 

seve 


res 
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For a Stamey catheter (see Fig . 27-7), place the clog in 

right- or I eft-lateral recumbency and prep the ventrolateral 
aspect of the caudal abdominal wall. Do not evacuate the 
bladder before catheter placement , Make a small skin inci¬ 
sion over the bladder and with the stylet securely fixed within 
the catheter (with the Malecot wings twisted flat), direct it 
through the s tab incision 
lumen making sure that the entire flanged portion of the 
catheter is within the bladder lumen (once urine is obtained, 

advance the catheter 1 cm farther). Release the Luer-lock to 
open the Malecot wings and remove the obturator Secure 
the catheter to the s kin. 


gery, Primary suture repair of a completely transected ure¬ 
thra is indicated whenever possible. Dependent on size, 
small lacerations or partial ruptures may heal if urine is di¬ 
verted through a urethral catheter or tube cystostomy for 7 
to 21 days. 


! 


Perform a caudal ventral midline abdominal incision and, 
if necessary a pubic symphysiotomy or bilateral pubic and 
ischial osteotomy (see below). Locate the transected 1 ends 
of the urethra and deb ride them. Minimize dissection 


around the urethra and bladder to avoid damaging die 
vascular or nerve supply to these structures (Fig. 27-9). Su¬ 
ture the ends with six to eight absorbable interrupted 
tures over a transurethral catheter (preferably a Foley 
catheter or other soft catheter). Leave the catheter in place 


INTRAPELVIC URETHRAL ANASTOMOSIS 


The intrapelvic urethra may be torn secondarily to pelvic 
fracture or other trauma, or it may be damaged during sur¬ 


fer 7 to JO days . 
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FIG. 27-0 

Vascular and nerve supply to the bladder and urethra. 
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ventral mid fine incision from the umbilicus to the 


Make o 

vulva , Perform a celiotomy from the umbilicus to the pubis , 

then sharply separate the adductor muscles 

the pubis and ischium, 
muscles until the obturator nerves and half of the obturator 

foramen are exposed (Fig. 27-10, A ). Transect the prepubic 

tendon along the left pubis to the proposed pubic osteotomy 

both sides of the 


If the urethral tissues do not hold suture due to pro¬ 
longed urine extravasation and subsequent tissue devitaliza¬ 
tion, delayed repair is indicated. 

Place a transurethral catheter to divert urine flow for 5 to 7 
days, /f a catheter cannot be placed from the penile orifice 

catheter from the bladder into the 

traumatized tissue , tie it to a catheter placed from the penile 
urethral orifice , and use it to pull the penile catheter into the 
bladder If the urethra does not heal completely In 7 to 10 

days or stricture occurs , 
them over a catheter as described for primary repair 

Tube cystostomy can also be used to provide urinary diver¬ 
sion while the urethra is healing, but ensure that the bladder 
is not allowed to distend or urethral flow of urine will occur. 
Adequate urethral exposure can be obtained in some 
dogs by splitting the symphysis on the midline, I n other dogs 
the cranial aspect of the pubis can be removed. Bilateral pu¬ 
bic and ischial osteotomy allows exposure of the entire uro¬ 
genital tract in female dogs. 


the midline of 


Subpenostally elevate the adductor 


into the bladder pass 


a 


site. Predrill holes in the pubis and ischium 


on 


four proposed osteotomy sites and cron i ocau da I ly along the 

left pubis (Fig. 27-10, BJ. Osfeotomize the pubis and elevate 

the internal obturator muscle from the left pubis and ischium 
allowing refection of the entire central bony plate to the right 

(Fig. 27-10 1 Cj. To close the osteotomy sites, preplace ortho 
pedic wire through the previously drilled holes 


resect the urethral ends and suture 


on the right 

rda Then, before replacing the bone plate ; place sutures 
through the lines of holes in the left pubis and ischium, through 
the left internal obturator muscle f and back through the adja¬ 
cent holes in the pubis or 

through the left osteotomy sites, then 

wires and sutures (Fig. 27AO, DJ. Reappose the adductor 
muscles and prepubic tendon before 


51 


ischium. Place orthopedic 

the preplaced 


secu re 


closing the tinea alba. 
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FiG. 27-10 

A, For bilateral pubic and ischial osteotomy, elevate the adductor muscles until the 
obturator nerves and half of the obturator foramen are exposed. B, Predrill holes in the 
pubis and ischium on both sides of the four proposed osteotomy sites and cranEocaudally 
long the left pubis. C, Osteotomize the pubis and elevate the internal obturator muscle 
from the left pubis and ischium allowing reflection of the entire central bony plate. D, Close 

the osteotomy wfth orthopedic wire. 
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Urethrotomy 

Urethrotomy is performed in male dogs to remove urethral 
calculi that cannot be re trohydro pro pulsed into the bladder 
(see p, 593) and to facilitate placement of catheters into the 
bladder. Occasionally urethrotomy is performed to biopsy 
obstructive lesions (ie., strictures, scar tissue, neoplasms). 
Preserotal or perineal urethrotomy may be performed. To 
avoid possible postoperative urethral stricture, cystotomy, 
rather than urethrotomy, should be performed preferentially 
if calculi can be dislodged into the bladder by urohy- 
dropropulsion* 

Preserotal urethrotomy. Preserotal urethrotomy (Fig. 
27-11) is used to remove calculi from the distal penile 
thra, or to place Foley catheters into the urinary bladder if 
the catheter is of sufficient length and the obstruction is dis¬ 
tal to the proposed urethrotomy incision. Occasionally ure¬ 
throtomy can be performed under local anesthesia with 
cotic sedation in severely depressed or uremic patients. 
Preserotal urethrotomies can be left to heal by second inten¬ 
tion; however, hemorrhage should be expected from the 
gical site for 3 to 5 days (particularly during urination). Pri¬ 
mary closure is preferred to decrease postoperative bleeding 
if the mucosa is healthy and adequate apposition of the 
thral mucosa can be achieved. 


Some surgeons prefer a continuous suture pattern 
urethra to promote hemostasis* 

Remove the urinary catheter following surgery ; regardless of 
whether the urethra is sutured or not 


in the 


Perineal urethrotomy. Perineal urethrotomy (Fig. 

27-14) is occasionally used to remove calculi lodged at the is¬ 
chial arch and to place catheters into the bladder of large, 
male dogs. Perineal urethrotomy is less commonly indicated 
than urethrotomy at other sites* They should be dosed to 
prevent potential subcutaneous urine leakage. 

Place a purse-string suture in 
catheter into the urethra to the level of the bladde 
site of the obstruction. With the dog in sternal recumbency 
and the rear limbs hanging over the edge of the table , 
make a midline incision over the urethra, midway between 
the scrotum and anus. Identify the retractor penis muscle, 

elevate , and retract it (Fig. 27-15 , A). Separate the paired 


ure- 


the anus . Place a sterile 

r or the 


nar- 


sur- 




lire- 


With the dog in dorsal recumbency ; place 
into the penile urethra to the scrotum or to the obstruction . 
Make a ventral midline incision through the skin and subcu¬ 
taneous tissues > between the caudal aspect of the os penis 
and scrotum. Identify, mobilize , and retract the retractor pe¬ 
nis muscle laterally to expose the urethra (Fig. 2712). Using 

No 15 scalpel blade, make an incision into the urethral 
lumen 


sterile catheter 




a 




a 


the catheter (Fig, 27-13). Use iris scissors to 
fend the incision, if necessary. Remove calculi with forcep 
and gently flush the urethra with 
cision to heal by second intention 

simple interrupted absorbable sutures (4-0 or 5-0).. Place the 

first layer in the urethral mucosa and corpus spongiosum , 

then appose subcutaneous tissues and skin with simple inter¬ 
rupted sutures or a 


s 


saline. Leave the in- 


wa rm 


close the urethra with 


FIG* 27-12 


or 


For preserotal urethrotomy moke a ventral midline incision 
through the skin and subcutaneous tissues, between the 
caudal aspect of the os penis and scrotum. Identify, 
mobilize, and retract the retractor penis muscle laterally to 
expose the urethra* 


continuous subcuticular suture pattern. 




FIG. 27-1 2 

Perineal urethrotomy. 


Prescrota! urethrotomy. 
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58 T 


bulbospongiosus muscles at their raphe to expose 
pus spongiosum\ f then incise the corpus spongiosum to 

hr the urethral lumen (Fig. 27-15, B and Cj. Close the in - 

as just described for prescrotal urethrotomy (Fig. 


the 


cor- 




en- 


1 T 


27-15,01 


Urethrostomy 

Urethrostomy is indicated for (1) recurrent, obstructive cal¬ 
culi that cannot be managed medically, (2) calculi that 

removed by retrohydropropulsion or urethrotomy, 
(3.1 urethral stricture, (4) urethral or penile neoplasia 
vere trauma, and (5) preputial neoplasia requiring penile 
amputation. Depending on the site of the lesion it can be 
prescrotal, scrotal, perineal, or prepubic in dogs. Scrotal ure- 
throstomy is preferred if castration is an option and the le¬ 
sion is distal to the scrotum. Perineal urethrostomy is rou¬ 
tinely performed in cats; however, prepubic and subpubic 
urethrostomy have also been described. 

Prescrotal urethrostomy Prescrotal urethrostomy is 
performed similarly to prescrotal urethrotomy except that 
the urethral mucosa is sutured to the skin. 
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Use □ No, 15 scalpel blade to 
urethral lumen over the catheter (see Fig, 27-1 1). 
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FIG. 27-15 

For perineal urethrotomy moke a midline incision over the urethra, midway between th 
scrotum and anus (A) r Identify the retractor penis muscle, elevate, and retract it. B. Sepa¬ 
rate the paired bulbospongiosus muscles at their raphe to expose the corpus spongiosum 
(C), then incise the corpus spongiosum to enter the urethral lumen. D, Close the urethra 
with simple interrupted absorbable sutures. Place the first layer in the urethral mucosa and 

corpus spongiosum, then appose subcutaneous tissues and skin with simple interrupted 
sutures or a continuous subcuticular suture pattern. 
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tie catheter info the urethra to the level of the ischial arch or fee- 
yond. Make a midline incision over the urethra trough fie 

the re trade r penis muscle, mdbh 


Make a 3- to 4-cm incision in the urethral mucosa as 

scribed above. The length of the urethral incision should he 
6 to 8 times its luminal diameter Periurethral sutures can be 
placed to the subcutaneous tissues using a simple continuous 
suture pattern of absorbable suture material Place sim 
terrupted absorbable sutures (3 0 to 5-0) from the urethral 

beginning at the caudal aspect of the in¬ 
cision. Suture the remainder of the urethral mucosa to the 

ith simple interrupted sutures (Fig. 27-16). Suture skin 

ith simple interrupted sutures. 


de 






subcutaneous tissues. Identify 
Size, and retract it laterally to expose the urethra. Us mg a No, 
15 scalpel blade, make a 3- to 4-cm incision into the urefhrol 
lumen over the catheter (Fig. 27- 1 8, BJ. Suture foe ureAra as 
described above for presc ratal urethrostomy (Fig. 27 - IS, C), 








m- 








Canine perineal urethrostomy* Because it often 
causes unacceptable urine scalding, perineal urethrostomy is 
only used in dogs that have urinary problems that a scrota] 
or prescrotal urethrostomy will not solve. Additionally, the 
surrounding cavernous tissue is large at this location, and 
hemorrhage can be profuse. Furthermore, the urethra is less 
superficial here and mobilizing it can result in excessive 
suture-line tension, causing dehiscence. 

Make a 4- to 6-cm incision in skin and overlying tissues and 
/n cis e the perin ea I ure thro a s des cribed for pe rineal urafli ro- 

tomy. The urethral incision should be L5 to 2.0 an in fengfo. 
Suture the urethral mucosa to the skin as described for pre- 
scrota I urethrostomy (Fig. 27-19), V 

Prepubic urethrostomy, Prepubic (antepubic) ure* 
throstomy is a salvage procedure performed when damage to 
the membranous or penile urethra is irreparable (this is 
rare), or removal of these tissues is necessary (i.e., neopla¬ 
sia). Unless nerve damage occurs (this is most likely if pro* 
static resection is performed), most animals are continent 
following this procedure. 

Mo fee a ventral mi dime incision from the umbilicus tothepu ■ 
bis. Free the intrapelvk urethra from the pelvic floor using 
blunt dissection. Be sure to preserve the urethral artery and 
its branches. Sever the distal aspect of the intrapelvk ure¬ 
thra. It may be necessary to carefully dissect the prostate 
from the urethra to ensure that there is ample urethra to ex¬ 
teriorize in some male dogs , Preserve the blood 
neck of the bladder. In male dogs , exteriorize the urethra 

through a small stab incision 2 to 3 cm 

prepuce . in females , exteriorize the urethra 

through the ventral midline incision or 2 to 3 cm /ateno/ to the 

linea alba (Fig, 27-20, A). Spafulate the distal end of the 
are th ra to in crease th e turn ina I dia m efer (Fig. 27-20 , BJ, foen 

suture foe urethral mucosa to skin with interrupted sutures of 
absorbable (eg., polyglyconote, polydioxanone , or poligle- 
caprone 25 sufurej or nonabsorbable (e.g., nylon or poly¬ 
propylene) suture. Be sure that there is 

throstomy site and that the urethra is not bent sharply ; 

A Foley catheter can be placed into the bladder through 
the urethrostomy to divert urine during initial healing (i.e 
24 to 48 hours). 

Sub pubic urethrostomy. Subpubic urethrostomy is 
similar to prepubic urethrostomy except that the urethra is 
exteriorized caudal to the brim of the pubis. In cats, this pro¬ 
cedure may be less likely to cause postoperative stricture, 


skin 

at either end of the incision 


\vi 


w 




Scrotal urethrostomy. Scrotal urethrostomy (Fig. 
27-17) is preferred over perineal or prepubic urethrostomy 
because the urethra is wider, more superficial, and sur¬ 
rounded by less cavernous tissues here than at other sites. 
Therefore, postoperative hemorrhage is often less than with 
the other techniques, and stricture is less likely. 

If the dog is intact, castrate him ond excise foe scrotum; other¬ 
wise, perform a scrotal ablation (Fig. 27-18, A). Place a ster- 
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FIG. 27-16 

For urethrostomy place simple interrupted absorbable 
sutures from the urethral mucosa to skin. To improve 
hemostasis, avoid incorporating cavernous tissue in the 
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FIG. 27-17 

Scrotal urethrostomy. 
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FIG. 27-18 

Scrotal urethrostomy is preferred over other sites because there is less hemorrhage, Perform 
a scrotal ablation, A r Make o midline incision over the urethra through the subcutaneous 
tissues. Identify the retractor penis muscle and mobilize and retract it laterally to expose the 
urethra, 8, Using a No. 15 scalpel blade, make a 3- to 4-cm incision into the urethral 
lumen over the catheter. C, Suture urethral mucosa to skin with simple interrupted sutures* 
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FIG* 27-20 

Prepubic urethrostomy may be performed when distal urethral 

present A, Sever the distal aspect of the 
intropelvic urethra and exteriorize it through a small stab 
incision 2 to 3 cm lateral to the linea alba. B, Speculate the 
distal end of the urethra ta increase the luminal diameter, and 
suture the urethral mucoso to skin with interrupted sutures. 


FIG. 27-19 

For urethrostomy, place simple interrupted absorbable 
sutures from the urethral mucosa to skin beginning at the 
caudal aspect of the incision. Suture the remainder of the 
urethral mucosa to skin with simple interrupted sutures. 
Suture skin at either end of the incision with simple 
interrupted sutures, 
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recurrent UTI, or chronic 

indicated when repeated stricture occurs after perineal 

thro s to my, 

Perfos m this procedure similarly to the one described above 
hu> retract the skin caudally post the brim of the pubis, Ex- 
pose the medial boundary of the obturator foramen by ele¬ 
vating the adductor muscle and cranial portion of the gra- 
muscle from the periosteum of the pubis * Partially incise 
tho pf epubic tendon and reflect it laterally to expose the pu~ 

(ami (Fig, 27-2]). Osteotonvze the pubic rami 1.5 cm 

lateral to the pubic 
through the body of the pubic bo 


urine-scald dermatitis. It is 


symphysis. Rotate the pubic flap ventrally to visualize the i 
trapelvic urethra . Transect the urethra cranial to the lesion 

fee,, stricture) and replace the pubic flop (Fig. 27-22, Aj, 

Reappose the muscular aponeuroses of the gracilis and ad¬ 
ductor muscles with interrupted 

tores. Make a I-cm stab 

extent of the abdominal 


in ■ 




horizontal mattress 


or 


su- 


incision 3 cm distal to the caudal 

inasion , Tunnel through the subcu¬ 
taneous tissues and exteriorize the urethra (Fig. 27-22, BJ, 

Spatulate the urethral end and suture it to the skin with 4-0, 
suture material Close the abdominal incision but leave the 
caudal } cm of the hnea alba open to avoid crimping the 
urethra as it passes over the pubic flap. Resect the tissues at 
the perineal urethrostomy site and either close them 
them open to heal by second intention . 


ci I Is 


+ 




symphysis. Make a transverse incision 

ne oncl across 


or leave 


Prepubic tendon 


Feline perineal urethrostomy. Perinea I urethroston 
(see p. 605) is indicated to prevent recurrence of obstruction 
in male cats or to treat obstruction that cannot be eliminated 
b \ catheteiization. ft is also ttsefu 1 when treating strictures 
that occur following urethral obstruction and catheterization. 
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Urinary Diversion 
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Permanent urinary diversion may be indicated when neo¬ 
plasia involves the bladder trigone. After cystectomy the 
ureters may be anas tomosed to an isolated bowel conduit 
reservoir or into the intact colon, jejunum, or ileum (fig 
27-23 ). Complications associated with ureteral 
to the bowel include reabsorption 

trogenous waste products* upper U11, and neurologic dys¬ 
function. Azotemia, hyperammonemia, hyperchloremia, 

and metabolic acidosis are common after these procedures. 
Because it is a 
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or 








anastomosis 


of electrolytes and ni- 








Adductor 

muscle 


Gracilis 

muscle 
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salvage procedure commonly associated with 
life-threatening complications, clients should be carefully 
counseled when considering this treatment option. Uretero- 
colonic anastomosis is the most commonly performed tech¬ 
nique for permanent urinary diversion. The patient should 
be fasted for 48 hours and saline 


FIG. 27-31 




For pubic osfeotomv, partially incise the prepubic tendon 
and reflect it laterally to expose the pubic rami. Gsteotomize 
the pubic rami 1.5 cm lateral to the pubi 
transverse incision through the bock 
and across the pubic symphy 
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For subpubic urethrostomy, perform 
□ pubic osteotomy (see Fig, 27-20) 

and rotate the puoic flap ventrally to 
visualize ' 

A, Transect the urethra cranial to the 

e pubic flap. 

B, Exteriorize the urethra throuah 
stab incision, spatulate 
end, and suture it to skin. 
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ureters. Dissect the ureters from their retroperitoneal attach * 
ments. Determine the length of the ureters and choose a 
for each to be implanted into the colon . Stagger the sites for 
anastomosis of the right and left ureters so that they are at 
different sites in the colon. Express feces from the proposed 
site of ureteral anastomoses and place atraumatic forceps on 
the colon . Make a three-sided seromuscular colonic flap for 

each ureter (Fig, 27-24, Ah then create a 4-mm circular 

defect in the colonic mucosa with tenotomy scissors (Fig. 
27-24, BJ* Transect the end of the ureter, spatulate it, and tun¬ 
nel the ureters through the seromuscular flap into the colonic 
lumen. Suture the ureter to the colonic mucosa with 


hours before surgery. Prophylactic antibiotics are given and 


fa 




Excise the bladder and proximo/ urethra (J to 2 cm distal to 
the suspected area of neoplasia) and ligate and transect the 
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terrupted sutures (5-0 or 6-0 absorbable suture material; Fig ; 
27-24, CJ. Close the flap over the ureter, but be sure to avoid 
compromising the ureteral lumen (Fig, 27-24 , DJ, 
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Compared with other organs, the urinary bladder heals 
quickly regaining 100% of normal tissue strength in 14 to 21 
days. Complete reepithelization of the bladder occurs in 30 
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may be performed by 
anastomosing the ureters into 
the intact colon, jejunum 
ileum. 


j 


i 


i 


i 


i 


I 




■ i j 

i i | 


i 




h 


i 


I 






IN j 


sec ted. As long as the undamaged trigone persists, the blad¬ 
der will expand (due to epithelial regeneration, scar tissue 
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flap for each ureter (B), then create a 
4-mm circular defect in the colonic 


mucosa with tenotomy scissors. 
Transect the end of the ureter. 


spatulate it, and tunnel the ureters 
through the seromuscular flap Into the 
colonic lumen, C, Suture the ureter to 


colonic mucosa 
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simple 

' t Close 


interrupted sutures. D 
over the ureter but avoid 


compromising the ureteral lumen. 
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formation and remodeling, hypertrophy, and proliferation 
of smooth muscle) until it again functions as an effective 
reservoir. Use of reconstructed small intestine submucosa 
may allow replacement of large portions of the bladder, ure¬ 
thra, and ureters (Xie et al, 2000). 

If urethral continuity is not completely disrupted, the 
urethra can heal by regeneration of urethral mucosa in as lit¬ 
tle as 7 days. Urine extravasation (particularly if infected) 
delays wound healing and promotes periurethral fibrosis 
and stricture formation. Urinary diversion via a urethral 
catheter or tube cystostomy is therefore indicated for small 
urethral lacerations. No differences were noted when uri¬ 
nary diversion using either an indwelling transurethral 
catheter, cystostomy catheter, or a combination of the two 
were compared in dogs following experimental transection 
and anastomosis of the intrapelvic urethra (Cooley et al, 
1999), When complete transection of the urethra occurs, fi¬ 
brous tissue proliferation occurs in the gaps between the sev¬ 
ered ends. Contraction of the fibrous tissue often leads to 
stricture and urinary obstruction. Primary anastomosis over 
an indwelling catheter (or proximal urinary diversion) 
should be performed to decrease the likelihood of stricture 
formation. The catheter should be left m place for 3 to 5 

days. 


TABLE 27-5 


Postoperative Analgesics 


Oxy morph one (Numorphan) 


0.05-0,1 mg/kg IV, IM, every 4 hours (as needed) 


Butorphanol (Torbutrol, Torbugesic) 

0.2-0,4 mg/kg IV, IM, or SC, every 2 to 4 hours (as 

needed) 


Buprenorphine (Buprenex) 


5-15 jxg/kg IV, IM, every 6 hours (as needed] 


*Drug$ and doses should be altered if an epidural was performed 
preopera tively. I 


dwelling urinary catheters, urethrotomies, or urethrostomies 
to prevent early catheter removal or self-mutilation. With 
urethrotomy the patient should be observed for postopera¬ 
tive hemorrhage. Digital pressure on the surgical site maybe 
necessary to stop bleeding immediately after surgery or after 
urination (for 3 to 5 days). Bladder atony may occur in as lit¬ 
tle as 12 hours if the animal is sedated or given narcotic anal¬ 
gesics p cooperatively or 
bladder should be kept decompressed by manually express¬ 
ing it until the patient is urinating normally. 

In cats with urethrostomies, paper instead of gravel litter 
should be used until the wound is healed and urinary cul¬ 
tures should be performed routinely to check for UTl.An in¬ 
dwelling catheter may promote stricture formation andUTI 
in cats following surgery; therefore their use is not recom¬ 
mended. Animals with ureterocolonic anastomoses should 

be checked regularly for pyelonephritis. Inappetence in pa¬ 
tients with ureterocolonic anastomoses may result in in- 

a" 

creased absorption of urine due to lack of fecal bulk; there 
fore, animals should be encouraged to eat as soon as possible 
after surgery Excretory urography (e. 
droureter and/or hydronephrosis) may help determine the 
long-term need for antibiotics in these patients. 


does not void due to pain, The 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Absorbable suture material (e.g., polydioxanone [FDS], 
polyglyconate [Maxon], poly glycolic acid [Dexon], 

polyglactin-910 [Vicryl], or police caprone 25 [Monocryl]) 
is preferred for bladder and urethral surgery. Most sutures 
appear to lose tensile strength faster in alkaline urine (such 
as that seen with Proteus infections) than in infected, acidic 
urine or sterile urine. Polyglycolic acid and polyglactin-910 
cause less inflammation than chromic gut suture; however, 
in some infections (he., Proteus mirabilis) they may lose ten¬ 
sile strength very quickly (i.e., less than 24 hours). Experi¬ 
mentally in an in vitro setting, PDS maintains greater than 
90% and 87% of its original tensile strength at 28 days in 
sterile urine and Escherichia coli inoculated urine, respec¬ 
tively, but loses a 11 strength by 7 days in Proteus mirabilis in¬ 
oculated urine (Schiller et al, 1993), Nonabsorbable sutures 
should be avoided due to their potential to promote calculi 
formation. 


p rese nee 


COMPLICATIONS 


The most common complications of urethral wound repair 
are stricture formation and urinary leakage. Indwelling 
catheters may allow ascending bacterial infection or cause fi¬ 
brosis and stricture. Oversized stents (those that distend the 
urethra) should be avoided. Complications of prepubk 
catheterization (temporary cystostomy) may include bowel 
perforation from improper percutaneous placement, uri¬ 
nary tract infection, transient hematuria, uroabdomen, pre¬ 
mature catheter removal, and breakage or incomplete re¬ 
moval of the catheter. Stricture formation in cats following 
perineal urethrostomy is generally due to making the stoma 
too small (i.e., making the stoma In the proximal penile ure¬ 
thra instead of the distal pelvic urethra), or postoperative 
subcutaneous urine leakage and subsequent granulation tis¬ 
sue formation (see p, 607). Urinary and fecal incontinence 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Urination should be closely monitored in patients after ure¬ 
thral surgery to detect obstruction due to tissue swelling, fi¬ 
brosis, or necrosis. Following removal of the urinary ob¬ 
struction, intravenous fluid therapy should be maintained 
until postobstructive diuresis ceases. Electrolytes should be 

monitored (particularly potassium) as hypokalemia may oc- 

secondary to diuresis or medical therapy of hyper¬ 
kalemia. Patients should be monitored for pain postopera- 

tively and analgesics provided as necessary (Table 27-5), 
Elizabethan collars should be used in patients with in- 
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mr -- 


SPECIFIC DISEASES 


may occur if the nerves are damaged during dissection 
around the pelvic urethra. Perineal urethrostomy is associ¬ 
ated with a high prevalence of UT1 p cooperatively. Rectal 
prolapse has also been reported following perineal urethros¬ 
tomy in cats. Pyelonephritis, renal failure due to end-stage 
kidney disease, neurologic dysfunction, hyperchloremic 
metabolic acidosis, and diarrhea with subsequent perineal 
irritation are possible complications of ureterocolonic uri¬ 
nary diversion (see p. 584), 


m 




UROABDOMEN 


DEFINITIONS 


Uroabdomen is an accumulation of urine in the peritoneal 
cavity. Urine may leak from the kidney, ureter, bladder, 
and/or proximal urethra. 


SYNONYMS 


SPECIAL AGE CONSIDERATIONS 


Older animals may have preexisting cardiac or renal dys¬ 
function and should be monitored closely Young animals 
may have very small urethras, making surgical repair of 
complete t ran sections difficult. 


Uroperitoneum 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Bladder rupture is the most common cause of uroabdomen 
in dogs and cats. It may occur spontaneously (associated 
with tumor, severe cystitis, or urethral obstruction), be due 
to blunt or penetrating abdominal trauma, or be iatrogenic 
following cystocentesis or bladder catheterization. Urinary 
tract leakage may also be a complication of surgery. Any an¬ 
imal presenting after vehicular trauma should be assessed 
for possible urinary tract trauma. The impact of the collision 
may cause the bladder, urethra, or ureter to rupture or 
n ecro se. The sharp end s o f pel vie fra c t u re s m ay sever o r la c - 
erate the urethra. Diagnosis is usually delayed because clini¬ 
cal signs are rarely present at initial examination (see below). 

Immediate surgery is contraindicated in animals with 
uroahdomen that are hyperkalemic or uremic. They should 
first be treated medically to normalize electrolytes and de¬ 
crease circulating nitrogenous waste products. Intravenous 
fluids should be given and abdominal drainage performed 
(see p. 573). Penrose drains or a peritoneal dialysis catheter 
[ preferred because it can be made into a closed system) can be 
placed in the ventral abdomen under local anesthesia (sedate 
if necessary) to allow drainage for 6 to 12 hours. This will sta¬ 
bilize most animals with previously normal renal function, ff 
there is concurrent renal dysfunction, a peritoneal dialysis 
catheter may be placed instead of Penrose drains, and the 
dominal cavity flushed with dialysis solution. 

When urine leaks into the abdominal cavity, some ni¬ 
trogenous waste products and electrolytes are reabsorbed 
across the peritoneal membrane and reenter the circula¬ 
tion. Whether molecules are reabsorbed depends on their 
size. Urea is a small molecule that rapidly equilibrates 
across the peritoneal surface; however, some larger mole¬ 
cules (eg., creatinine) cannot pass back into the blood¬ 
stream and therefore remain concentrated in the abdomi¬ 
nal fluid. To diagnose uroabdomen, creatinine levels in the 
abdominal fluid should be measured and compared to 
serum levels. If the fluid is urine, the creatinine concentra¬ 
tion in the fluid will be substantially greater than that 
found in serum. Because urea rapidly equilibrates across 
the peritoneum, BUN may be approximately the same in 
both abdominal fluid and serum, regardless of the cause of 
the abdominal effusion. 
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NOTE • Creatinine does not equilibrate across the 
peritoneal surface; BUN does! Compare creatinine 
levels (not BUN] in the Fluid and serum. 


DIAGNOSIS 

Clinical Presentation 

Si g no I me n t. It has been suggested that urinary bladder 
rupture occurs more frequently in male dogs than female 
dogs because their long, narrow urethras cannot dilate rap- 
idly; however, ruptured bladders are common in females 
that have sustained vehicular trauma. Urethral rupture in fe¬ 
male dogs following trauma is uncommon. Male dogs and 
cats with obstruction due to calculi or sterile cystitis (FUS) 
have a high risk of bladder rupture if the obstruction is not 
alleviated promptly (see pp« 590 and pp. 604). 

History. Clinical signs of urinary tract trauma are often 
vague and may be masked by other signs of trauma. In one 
study of dogs with pelvic trauma in addition to urinary tract 
trauma, the urinary trauma went clinically undetected in one 
third of dogs. T he animal may present for azotemia (i.e., vom¬ 
iting, anorexia, depression, lethargy), or hematuria, dysuria, 
abdominal pain, and/or abdominal swelling or herniation 
may be noted. Abdominal and perineal bruising are common 
with vehicular trauma, particularly if there are pelvic frac¬ 
tures. Bruising in this region, however, may also indicate sub¬ 
cutaneous urine leakage. Further evaluation of the urinary 
tract is therefore warranted in such patients. In female dogs, 
there may be a history of previous catheterization using a rigid 
catheter. Rupture of the urethra is most frequently associated 
with pelvic fractures in male dogs. Often urinary tract rupture 
is overlooked in the initial workup of traumatized patients 
and the diagnosis is not made until the animal shows signs of 
azotemia. It is important to remember that animals with rup¬ 
tured bladders or unilateral ureteral trauma may urinate nor¬ 
mal volumes, without evidence of hematuria. If the rupture is 
located dor sally or is small leakage may only occur when the 
bladder becomes distended. Similarly the ability to retrieve 
fluid while performing bladder catheterization does not pre¬ 
clude the diagnosis of a ruptured bladder. 


Positive contrast eysfourethrogram in a dog with a ruptured 
bladder. The radiograph was taken while the contrast agent 

was being infected and shows a "jet" lesion of contrast 
agent from the bladder 


retroperitoneal space, and/or lack of normal intraabdommal 
contrast. If a ruptured bladder is suspected, a positive con¬ 
trast cystourethrogram should be performed; however, leak¬ 
age ot contrast medium into the peritonea] space during cys¬ 
tography does not necessarily mean that the animal needs to 
have exploratory surgery performed. If there is no clinical 
evidence of uroabdomen, conservative management of the 
patient may be appropriate. To perform cystography a 
balloon-tipped catheter is placed in the distal urethra (just 
past the os penis in male dogs), and the balloon Is inflated, 
While palpating the bladder for distention, approximately 
2.2 ml/kg of diluted (1 part contrast medium to 2 parts ster¬ 
ile saline) aqueous organic iodide contrast medium is in- 
jected i nto the catheter. A radiograph is taken while the ksc 
few milliliters of contrast are being injected. Fluoroscopy,if 
available, can be used to determine when the bladder is dis¬ 
tended. Taking a radiograph while the contrast agent is be¬ 
ing injected may show a "jet” lesion of contrast agent from 
the bladder (Fig. 27-25). Free contrast agent in the abdomi¬ 
nal cavity will coat and highlight abdominal organs. If a le¬ 
sion is not identified in the bladder or urethra and the ani¬ 
mal is well-hydrated, an excretory urogram can be 
performed (see p. 561). Contrast leakage into the retroperi¬ 
toneal space (for proximal lesions) or abdomen (for distal 
lesions) occurs with ureteral rupture or laceration [Fig 
27-26). If periureteral fibrosis has occurred, obstruction 
rather than leakage may be noted. Leakage of contrast from 
the renal capsule may be noted with renal parenchyma; 
trauma. Parenchymal trauma of the right kidney should he 
suspected in dogs with uroabdomen and fractures of the 
thirteenth right rib. 

Laboratory Findings 

A CBC and serum biochemical profile with electrolytes 
should be performed. Hyperkalemia and azotemia may be 
noted. Analysis of abdominal fluid should be performed if 


NOTE * Don't rule out bladder rupture in animals 
that urinate normal volumes. 


t 


Physical Examination Findings 

Abdominal palpation should be performed to determine the 
size and shape of the bladder. The animal should be closely 
examined for abdominal swelling or fluid accumulation. 
Urine quantity and character (i.e., hematuria, dysuria) and 
bruising on the ventral abdomen or perineum should be 
monitored. 


t 


F 


Radiography/Ultrasonography 

Survey radiographs may show reduced size or absence of the 
urinary bladder, lack of contrast and increased size of the 
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SURGICAL TREATMENT 


Urethral Trauma may be repaired by primary anastomosis 
(immediate or delayed) or the urethra may be allowed to 
heal over a urinary catheter if it is not completely tran¬ 
sected. Ureteral rupture may be repaired by anastomosis or 
reimplantation into the bladder, depending on location of 
the damage (see p. 562)* Bladder rupture generally occurs 
near the apex. Although small ruptures may heal if the blad¬ 
der is kept decompressed, surgical exploration and repair 
are indicated in most patients. The entire abdomen should 
be explored to determine the reason for rupture and/or 
identify concurrent trauma. If bladder rupture is secondary 
to severe cystitis, tumor, or obstruction, the bladder may be 
extremely friable or large areas may be necrotic, making ex¬ 
cision and primary closure of the rent difficult. In such 
cases, prolonged urinary diversion (see p. 576) may be ben¬ 
eficial* If cystitis or tumor is present, a biopsy of the bladder 
mucosa should be submitted for culture and histologic ex¬ 
amination. In animals with rupture due to obstruction 
from calculi, the urethra should be carefully checked for 
calculi and its patency verified before repairing the bladder 
d efeet * 


Excretory urogram in a dog with 
accumulation of contrast in the retroperitoneal space. The 
contralateral ureter was avulsed from its blood supply. 


ruptured ureter. Note the 


urinary tract rupture is suspected. With uroabdomen, crea¬ 
tinine levels of the abdominal fluid will be greater than those 
in the blood (see above). Renal failure may be present if ob¬ 
struction preceded the rupture (see p. 549). Bladder rupture 
secondary to urinary tract infection may result in septic 
peritonitis (see p. 267). 


Preoperative Management 

An EGG should be evaluated for arrhythmias. If possible, 

hydration, acid-base, and electrolyte abnormalities should 
be corrected before surgery (see above and p. 572) .If antibi¬ 
otic therapy has not been initiated before surgery, perioper¬ 
ative antibiotics (e.g., oefazofin) may be administered at 
induction. 


DIFFERENTIAL DIAGNOSIS 


Other causes of abdominal effusion or azotemia should be 
considered differentials. Peritonitis may cause vomiting, de¬ 
hydration, and prerenal azotemia. Vomiting may be due to 
pancreatic, peritoneal, renal, splenic, hepatobiliary, or gas¬ 
trointestinal abnormalities. In animals with abdominal effu¬ 
sion subsequent to trauma, uroabdomen, bile peritonitis, 
and septic peritonitis should be considered. 


Anesthesia 

If renal impairment is not present , many different anesthetic 
regimens can be used safely. If renal impairment is present, 
see p. 573 for suggested anesthetic protocols. If the animal is 
vomiting, avoid mask or chamber induction. 

Surgical Anatomy 

Refer to p. 574 for surgical anatomy of the bladder and 
urethra. 


MEDICAL MANAGEMENT 


If the animal is not hyperkalemic or azotemic (i.e., uroab¬ 
domen is diagnosed within 12 to 18 hours after rupture), it 
should be rehydrated with 0.9% saline and immediate surgi¬ 
cal repair should be considered. Occasionally, concurrent 
trauma (e.g., traumatic myocarditis, pulmonary contusions) 
will delay surgery. In such patients, abdominal drainage 
and/or urinary diversion (i.e., urethral catheter and/or tube 
cystostomy; see p, 576) may be necessary until the animal is 
stable. With delayed diagnosis, correction of electrolytes, hy¬ 
dration, and add-base balance should be performed before 
surgery (see above and p. 572). Antibiotics may be adminis¬ 
tered based on culture results if infection is present, or pro- 
phylactically if abdominal drains are placed. 


Pos (Honing 

The animal is placed in dorsal recumbency and the abdomen 
prepared for a ventral midline incision. For bladder rupture, 
the entire ventral abdomen should be prepped to allow com¬ 
plete exploration of the abdomen. 


SURGICAL TECHNIQUE 


Cystotomy is described on p. 574. 


Excise devitalized or necrotic bladder tissue and suture the 
rent with a one- or two-layer continuous suture pattern, if the 
bladder is markedly thickened, perform a single-layer anas¬ 
tomosing pattern; otherwise, use a two-layer inverting pat¬ 
tern . If tissues are friable and a watertight seal is not 
achieved, perform a serosal patch over the incision line (see 

p. 3801 


NOTE ■ Animals with acid-base and electrolyte ab¬ 
normalities are poor anesthetic candidates. Correct 
these abnormalities before surgery! 
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ally, peritonitis may occur from infected urine or secondary 
to surgically induced contamination. 


fgj TABLE 27-6 


Drugs Used to Improve Urination 


PROGNOSIS 


The prognosis is excellent for animals with traumatic bid¬ 
der rupture. Occasionally rupture secondary to obstruction 

may have a guarded prognosis if the majority of the bladder 
is necrotic. 


Phenoxybemamine (Oibenzyline) 


Dogs; 0.25 ma/kg PO, bid-fid 

Cats: 0.5 mg/kg PO, bid (may cause hypotension) 


Diazepam (Valium} 

Dogs: 0.2 mg/kg PO, fid 

Cats: 2-5 mg/cat PO, bid-fid (duration of action is I to 2 

hours when given orally] 


Suggested Reading 

Scrivani PV f Chew DJ, Buffington CAT, Kendall M: Results of 
double-contrast cystography in 

45 cases (1993-1995 )J Am Vet Med Assoc 212:1907,1998. 


cats with idiopathic cystitss: 


Bethanechol (UrechoJine)* 


Dogs; 5-15 mg/dog PO, bid-fid 


Cats: 1.25-5 mg/cat PO, bid-fid 


BLADDER AND URETHRAL CALCULI 


Be sure that there is no resistance to urinary or fecal outflow be¬ 


fore using this drug. 


DEFINITIONS 


When urine becomes supersaturated with dissolved salts 
the salts 

the crystals are not excreted, they may aggregate into solid 
concretions known as calculi. Urolithiasis is a term that 
refers to having urinary calculi or uroliths (kidney, ureter. 

bladder, or urethra). Cystolithiasis and cyst olithecto my re¬ 
fer to the development of urinary bladder calculi, and their 
removal, respectively. Cystotomy is 

ihe urinary bladder, while urethrotomy is an incision into 
the urethra. 


may precipitate to form crystals (crystalluria). If 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Absorbable suture material (e,g„ polydioxanone [PDS], polyg- 
lyconate [Maxon], polyglycolic acid [Dexon], polyglactin-910 
[Vicryl], or poliglecaprone 25 [Monocryl]) is preferred for 
bladder and urethral surgery (see p. 586), 


a surgical incision into 


SYNONYMS 


POSTOPERATIVE CARE 
AND ASSESSMENT 


For urinary calculi or uroliths 


s t on es 


GENERAL CONSIDERATIONS 

AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Intravenous fluids should be given until the animal is able to 
drink adequate fluids to maintain hydration. The patient 
should be observed closely after surgery for signs of urinary 
obstruction or peritonitis. If bladder atony is present, the 
bladder should be kept decompressed by intermittent 

nary catheterization or by manual expression. Urinary tract 
infection is common with indwelling 
zation. An a -blocker (e.g., phenoxybenzamme; Table 27-6) 
and/or a somatic muscle relaxant ( 


The large majority of canine uroliths are found in the blad¬ 
der or urethra. Struvite (i 


magnesium ammonium phos¬ 
phate) calculi are the most common canine uroliths, fol¬ 
lowed by calcium oxalate, urate, silicate, cystine, and mixed 
types. Urinary tract infections are an important predis¬ 
posing cause tor the formation of struvite calculi in dogs. 
Urease-producing bacteria split urea to ammonia and 
bon dioxide. Hydrolysis of ammonia forms 

and hydroxyl ions, which alkalinize the urine and decrease 
struvite solubility. Bacterial cystitis also increases organic de¬ 
bris, which can serve as a nidus for crystallization. Feline 
struvite formation usually occurs despite lack of UTI. 

Calcium oxalate calculi occur most 


i.e 


repeated catheteri- 


or 


diazepam) can be 
used to decrease urethral sphincter tone. Bethanechol is a 

cholinergic that increases detrusor contractility and 
voiding. Manual expression of the bladder should be done 
with care following surgery (particularly in patients with fri¬ 
able bladders secondary to infection or obstruction) to avoid 


e 


car- 


disrupting the suture line. 


commonly in dogs 
with transient, postprandial hypercalcemia and hypercalci- 

uiia. Many affected dogs have low-to-normal parathyroid 
hormone concentrations. Although rare, they may also oe- 
in dogs with defective tubular resorption of calcium, 

primary hyperparathyroidism, lymphoma, vitamin L) intox¬ 
ication, decreased 


NOTE * Be sure that there is no excessive resistance 
to urinary or fecal outflow before using bethanechol. 


COMPLICATIONS 


I he major complication of bladder surgery is urinary leak¬ 
age, especially if a watertight seal is not achieved or devital¬ 
ized tissues are sutured and subsequently dehisce. Occasion- 


urine concentrations of citrate, or in¬ 
creased dietary oxalate. Concurrent UTI is rare. Acidic urine 5 
favors calcium oxalate crystal formation. 
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FIG. 27.27 


-year-oild cat with chronic hematuria. 
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TABLE 27-7 


1 


Treatment and Prevention of Canine Urolithiasis 


UROLITH TYPE TREATMENT OPTIONS 


PREVENTION 


Surgical removal or dissolution 
Hill's s/d diet 
Control infection 
Urease i 

Keep urine pH <6.5, BUN <10 mg/df, 
and urine specific gravity <1,020 
Surgical removal 
Surgical removal or dissolution 
Hill's u/d diet 
Allopurinol 
Control infection 
Surgical removal 


Hill's c/d diet 


Struvite 


Monitor urine pH and urine sediment, eliminate infections 
quickly and appropriately 


i 


Calcium oxalate 
Urate 


Hill's u/d diet or Hill's w/d diet plus potassium citrate 


Hill's u/d diet 


Allopurinol if necessary 

Correct congenital portosystemic shunts 


Silicate 


Hill's u/d diet 


Prevent consumption of dirt 

Hill's u/d diet 

Thiol-containing drugs if necessary 


Surgical removal or dissolution 


me 


Hill's u/d diet 


D-penidl [amine 

Nd2-Mercaptopropionyf)“glycine [MPG) 


Modified from Nelson R, Couto G: Small animal internal medicine, ed 2, St. Louis, 1998, Mosby. 


shepherd dogs and old English sheepdogs are at increased risk 
for formation of silica-containing urinary calculi. Cystine 
uroliths occur due to an inherited disorder of renal tubular 
transport. Cystine stones usually occur in add urine. 

Although dissolution of some stones is possible, surgical 
removal is often necessary initially to allow a diagnosis of 
stone type. Appropriate medical management may help de¬ 
crease the recurrence of canine uroliths ( Table 27-7), Super- 
saturation of urine with salts appears to he the primary fac¬ 
tor favoring calculi formation. Other factors (i.e„ presence of 
a nidus on which the stone can form, decreased concentra¬ 
tions of urine crystallization inhibitors) also appear to con¬ 
tribute to stone formation. 


NOTE • Struvite calculi are frequently associated 
with infection; be sure you culture the urine, bladder 

and/or stone. 


wo 




Urate calculi are usually composed of ammonium add 
orate derived from metabolic degradation of endogenous 
purine ribonucleotides and dietary nudcic acids, Dalmatians 
have defective hepatic transport of uric acid resulting in de¬ 
creased production of all an to in and increased urinary excre- 
tion of uric acid. Dalmatians also have decreased proximal tu¬ 
bular resorption and distal tabular secretion of uric acid 
making urate urolithiasis common in this breed. Dogs with he¬ 
patic insufficiency (e.g., portosystemic shunts) may form am¬ 
monium acid urate stones due to increased renal excretion of 
ammonium urates. Secondary UT1 may occur as a result of 
mucosal irritation. Silicate uroliths are often jack-shaped and 
are probably related to increased dietary intake of silicates, sili¬ 
cic acid, or magnesium silicate (Pig, 27-27). Male German 




NOTE • It is necessory to remove and analyze 
stones to determine type; subsequent medical man¬ 
agement is important to prevent recurrence. 


- 
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DIAGNOSIS 

Clinical Presentation 

Signal merit. Struvite calculi are more common in female 
dogs than males because females more commonly have L i 1; 
however, urethral obstruction from stones is more common in 
males (Table 27-8). Uroliths may occur in dogs of any age, but 
they are most frequently observed in middle-aged dogs. Calculi 
in dogs less than 1 year of age are often struvite due to UTl. 
Calcium oxalate uroliths are more common in male dogs, par¬ 
ticularly miniature schnauzers, miniature poodles, Yorkshire 
terriers, Lhasa apses, and Shih Tzus. Middle-aged to older dogs 
are most commonly affected. In cats, calcium oxalate uroliths 
now occur nearly as frequently as struvite uroliths. Approxi- 
mately 35% of cats with caldum oxa 1 ate urolaths also have ev¬ 
idence of an increase in total serum calcium concentrations 
(McClain et al, 1999). Sixty percent of urate uroliths occur in 
dalmatians—most of the remainder are seen in breeds that 
commonly have portosystemic shunts (Le., Yorkshire terriers, 
schnauzersj Pekingese, Lhasa apses). Urate urolithiasis is more 
common in male dalmatians than female dalmatians. Middle- 
aged, male German shepherds seem to be at increased risk 
for silicate urolithiasis. Cystine uroliths most frequently occur 
in middle-aged, male dachshunds. Other breeds that appear to 
be at increased risk tor cystine urolithiasis include basset 
hounds, English bulldogs, Yorkshire terriers, Irish terriers, and 
Chihuahuas. 

History, Clinical signs of UTl (i.e., hematuria, pollakiuria, 
stranguria) are common in dogs with bladder or urethral cal¬ 
culi. Small stones may lodge in the urethra of male dogs and 
cause partial or complete urinary obstruction. Bladder disten¬ 
tion, abdominal pain, stranguria, paradoxical incontinence, 


and/or signs of postrenal azotemia (Le., anorexia, vomiting, 
depression) may develop. Occasionally bladder rupture will 
occur and result in uroabdomen (see p, 387). 

Physical Examination Findings 

The bladder wall is often thickened and the stones them¬ 
selves are occasionally palpable. Signs consistent with UTl 
may be noted. Abdominal pain, anorexia, vomiting, and/or 
depression may be noted if urinary tract obstruction occurs. 

Radiography/Ultra sonography 

Survey abdominal radiographs and/or ultrasonography are 
indicated in any animal with urolithiasis. In addition to 
defining the number and location of bladder and urethral 
calculi, the procedures may indicate the presence of calculi 
in the kidney and/or ureter Calcium-containing uroliths 
(Le., calcium phosphate and calcium oxalate) are the most 
radioden.se, while cystine and urate uroliths are the least ra¬ 
diopaque. Struvite calculi are normally radiodense and are 
usually observed with plain radiography (Fig. 27-28). Retro¬ 
grade cystourethrography may help identify radiolucent 
stones in the bladder or urethra. Ultrasonography may be 
used to identify calculi and evaluate the kidneys and ureters 
for concurrent abnormalities. 


NOTE * Double contrast cystourethrography is 
probably the most sensitive method for findings 
stones (even better than ultrasound). 


Laboratory Findings 

A CBG, serum chemistry profile (including electrolytes), uri- 
n al ys i s, a nd u rine cultu re sh ouid be pe r for tried, Co n co m i t ant 
urinary tract infection is common (Le., pyuria, hematuria, 
proteinuria, and/or bacterium). Renal failure may be present 
due to chronic pyelonephritis or obstructive uro pa thy {see 
p. 549). Findings associated with hepatic insufficiency (low 
BUN, hvpocholesterolemia, and/or hypoalbuminemia) may 
be present in some animals with urate calculi. 


TABLE 27-8 


Breed, Sex, and Age Predispositions for Urinary Calculi 


Struvite 

* Miniature schnauzers, Brschon Frrses, cocker spaniels 

* Females more than males, middle-aged dogs 


Calcium Oxalate 

* Miniature schnauzers, Lhasa apsos f Yorkshire terriers 

* Males, middle-aged to older dogs 

Calcium Phosphate 

* Yorkshire terriers 

Urate 

* Dalmatians, English bulldogs 

* Dogs with portosystemic shunts 

Silicate 

* German shepherds, golden retrievers, Labradors 

* Males, middle<3ged dogs 

Cystine 

* Dachshunds, English bulldogs (maybe basset hounds 
and rottweilers) 

* Males, middle-aged dogs 


FIG. 27-28 


A large radiodense struvite calculus in the bladder of a dog 
with chronic cystitis. 
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be removed, allowing the stone to be flushed into the blad¬ 
der (Fig. 27-29, C). Stones lodged within the urethra causing 
obstruction that cannot be hydro pro pulsed into the bladder 
can be removed via urethrotomy (see p. 580). 


NOTE • Always identify and treat concurrent uri¬ 
nary tract infections! 


DIFFERENTIAL DIAGNOSIS 


Uroliths should be considered in any animal presenting for 
chronic urinary tract infection, hematuria, stranguria, pol- 
lakiuria, or obstructive uropathy. Other differentials include 
neoplasia and granulomatous inflammation. 


NOTE * Always try to flush urethral 

bladder so that cystotomy (rather than urethrotomy) 
can be performed. 


calculi into the 


SURGICAL TREATMENT 


MEDICAL MANAGEMENT 


When the urolith has not been typed, surgery should be con¬ 
sidered if there are concurrent or predisposing anatomic ab¬ 
normalities (e,g., urachal diverticula), if medical dissolution 
is not possible, or if a bladder mucosal culture is required. 
Although medical dissolution of struvite, urate, and cystine 
calculi is possible, surgical removal of calcium oxalate, cal¬ 
cium phosphate, and silicate stones is necessary. Disadvan¬ 
tages of medical dissolution may include cost, necessity of 
frequent recheeks, possible urethral obstruction in males, 
and poor owner compliance with maintaining a suitable di¬ 
etary regimen. Cystotomy should be performed preferen¬ 
tially over urethrotomy if the stones can be flushed into the 
bladder either preoperatively or intraopei atively. In a recent 


Urethral obstruction should be relieved and/or bladder de¬ 
compression performed if necessary. Using a tinge; inserted 
in the rectum and massaging a urethral urolith toward the 
vagina may dislodge uroliths in female dogs. Urohy- 
dropropuUion may be used to propel urethral stones back 
into the bladder in both male and female dogs (Fig. 27-29, 
A ); voiding urohyd rop rop u I s i o n maybe effective i n remo v - 
ing small cystic stones. A catheter is placed in the urethra 
distal to the stone and sterile saline or a combination of ster¬ 
ile saline and 

Lubafax surgical lubricant) is injected while the urethra is 
occluded by a huger in the rectum (or vagina in females) 
(Fig, 27-29, It)- Once the urethra is dilated, the finger should 


1:1 mix ture of aqueous lubricant (e.g. 


FIG. 27-29 

A, Urohydropropulsion may be used to propel urethral stones back into the bladder. 

B, Place a catheter in the urethra distal to the stone and inject sterile saline while the 
urethra is occluded by a finger In the rectum (or vagina in females). C, Once the urethra is 
dilated, remove the finger, allowing the stone to be flushed into the bladder. 
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study, cystotomy plus scrotal urethrostomy was found to be 
the most effective treatment in preventing recurrence of 
clinical signs in dalmaiians with urate calculi (Collins et a I, 
1998). In the aforementioned study the recitrrence rate was 
100% when a scrotal urethrostomy alone was performed. 


TABLE 27-9 


Drugs Used in the Treatment of Urinary Calculi 


Allopurinof (Zyloprim) 

7-10 mg/kg PO, sid-tid 


NOTE * Calculi should be submitted for stone 

analysis [and possibly culture] to guide postopera¬ 
tive management and help prevent recurrence, even 
if crystals 

to have a core of oxalate with a struvite shell due 
to secondary urinary tract infection with struvite 
crystallurta. 


D-Penicillomine (Cuprimme) 


10 15 mg/kg PQ f bid 


identified in the urine. It is possible 


N- ( 2-Mert a p top rap i o ny I )-g lye ine (MPG ) 

15 mg/kg PO, bid 


were 


*lf possible, adjust dosage based on measurement of uric acid 

excretion 


Preoperative Management 

Post renal azotemia and hyperkalemia should be treated be¬ 
fore surgery (see p. 572), fluid therapy should be initiated to 
promote diuresis. An ECG should be evaluated for arrhyth¬ 
mias, UTI should be controlled before surgery> and periop¬ 
erative antibiotics should be considered if the animal is not 
already receiving antibiotics. Prophylactic antibiotics, how¬ 
ever, may be withheld until after bladder mucosa has been 
excised for culture in animals with negative urine cultures. 


(be., when additional saline cannot be flushed info the 
cotheter). While fluid is still being flushed into the catheter, 
remove the finger at the ves kourefhral opening , Repeot this 
pro cedure until it is certa in that no s tones remo in in the 
thro I lumen . Check the bladder for urachal diverticula and 
excise if necessary. Submit the stones for mineral analysis 
and possibly for microbial culture. 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


NOTE * If possible, eradicate concurrent UTI be¬ 
fore surgery. Otherwise submit bladder mucosa and 
stones for culture. 


polydioxanoae [PDS], 


Absorbable suture material (e 
polyglyconate jMaxon], polyglycolic acid [Dexon ] or 
polyglacthi-910 [Vicryl]) is preferred for bladder and ure¬ 
thral surgery (see p. 586), I 


Anesthesia 

If renal impairment is not present, many different anesthetic 
regimens can be used safely. If renal impairment is present, 
p. 573 for suggested anesthetic protocols. Avoid mask or 
chamber induction if the patient is vomiting. 

Surgical Anatomy 

Refer to p, 574 for surgical anatomy of the bladder and urethra. 

Positioning 

The animal is placed in dorsal recumbency and the abdomen 
prepared for a ventral midline incision. The prepped area 
should extend from below the pubis proximal!y to the thorax. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


The animal should be closely monitored tor urinary ob¬ 
struction or leakage following surgery Urine sediment and 
pH should be monitored regularly and UTI treated 
promptly Preventive treatment specific to the stone type 
should be implemented to help prevent recurrence of 
urolithiasis (Table 27-9). D-penicillamine may inhibit 
wound healing and should not be initiated earlier than 1 
weeks after surgery. Readers are referred to other sources for 
specific recommendations regarding medical treat men I and 
prevention of urolithiasis. i 


SURGICAL TECHNIQUE 


COMPLICATIONS 


Bladder calculi are removed via cystotomy (see p, 574). Per¬ 
form a cystotomy and incise a small piece of bladder at the 
incision 
e xa m i nat ion. 


Complications associated with cystotomy are uncommon 
however, urine leakage is possible. The main complication of 
urethrotomy is hemorrhage, which may persist up to 7 days 
post operatively Urethral stricture is uncommon. 


submit it for culture and possibly histologic 


Remove the bladder stones and carefully check the urethra 
for additional calculi . In male dogs, place a catheter into the 
urethra from the penile orifice and occlude the vesicourethral 
open ing with a finger from within the bladder lumen . Have 
assistant gently occlude the penile urethra around the 
catheter with fingers to minimize fluid leakage , Flush the 
catheter with sterile saline to maximally dilate the urethra 


PROGNOSIS 


The recurrence rate for calculi formation may be as high us 
12% to 25%, Recurrence is more common in dogs with cys¬ 
tine and urate stones than in those with phosphate stones, 
Appropriate medical management (Le., prevention of UTI 
is necessary to decrease the recurrence of struvite calculi. 


an 
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FIG- 2T-30 


Urethral prolapse in a dog. Note the small, reddened mass 
(urethra) protruding from the tip of the penis. (Courtesy H.P* 
Hobson, Texas A&M University.) 


Physical Examination Findings 

When the penis is extruded from the preputial orifice a small, 
reddened mass may be visible protruding from the tip of the 
penis (Fig. 27-30). Penile erection may cause the protrusion to 
enlarge. Necrosis of the prolapsed urethra may occur second¬ 
ary to drying or self-inflicted trauma* The prepuce should be 
checked for evidence of balanoposthitis or neoplasia. 

Laboratory Findings 

Anemia may occur in dogs with intermittent or chronic 
bleeding. Urinalysis should be performed to exclude urinary 
tract infection. Exclusion of a coagulopathy in dogs with in¬ 
termittent prolapse may be indicated. 


URETHRAL PROLAPSE 


DEFINITIONS 


Urethral prolapse is a protrusion of the urethra mucosa be 
yond the end of the penis. 


DIFFERENTIAL DIAGNOSIS 


Urethral prolapse maybe differentiated from other causes of 
preputial bleeding by extruding the penis and examining the 
urethral orifice. Urethritis, fractures of the os penis, urethral 
calculi, and urethral stricture may be associated with hema¬ 
turia and/or preputial bleeding. Other possible causes of pe¬ 
nile bleeding include preputial, penile, or urethral neoplasia 
and prostatic lesions. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Urethral prolapse is uncommon. It may occur after excessive 
.sexual excitement or masturbation, or it may he associated 
with genitourinary infections* 


MEDICAL MANAGEMENT 


DIAGNOSIS 

Clinical Presentation 

Signalment. Dogs most commonly affected are young 
English bulldogs, but it has also been reported in a Boston 
terrier and a Yorkshire terrier. 

H i sto ry* Th e o w n e r m ay n o t i ce a re dd ened p rot r u s i o n at 
the tip of the penis and/or intermittent penile bleeding, 
which may worsen when the dog becomes excited. Prolapse 
may be intermittent, occurring only when the dog has an 
erection. Some affected dogs lick at the preputial orifice and 
may traumatize the exposed urethral mucosa* 


Concurrent infection of the genitourinary tract should be 
treated. I f the urethra 1 mucosa is not necrotic, the prolapse 
can occasionally be reduced by gently manipulating it with a 
sterile cotton swab or by placing a lubricated catheter into 
the urethral orifice* A purse-string suture of 5-0 or 6-0 su¬ 
ture material can be placed in the penis around the orifice 
and tightened to prevent the prolapse from recurring with¬ 
out obstructing urination. The suture should be removed af¬ 
ter 5 days and the patient monitored for recurrence. Sponta¬ 
neous recovery has not been reported* 


SURGICAL TREATMENT 


NOTE • Penile bleeding may be intermittent [e*g., 
during erection). 


Surgical resection of the prolapsed urethra is the treatment 
of choice in many dogs. If the prolapse can be reduced, 
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FIG. 27*31 


To resect a urethral prolapse, place stay sutures in the 
urethral mucosa and apply gentle traction to straighten the 
prolapsed tissue. Place one or two straight needles through 
the penile tissues to prevent the urethra Trom retracting within 
the penis and circumferentially transect the urethra. 

(Courtesy H ,P, Hobson, Texas A&M University.) 

placing several mattress sutures from the urethral lumen and 
tying them on the external penile surface maybe effective in 
causing fibrosis and preventing recurrence. The sutures 
should be left in place for 2 to 3 weeks. Bilateral orchiectomy 
should be performed, particularly in dogs that have prolapse 
associated with erection or sexual excitement. 

Preoperative Management 

The animal should be kept from traumatizing the urethra 

s u rge ry. 

Anesthesia 

Many different anesthetic regimens can be used safely it the 

animal is otherwise healthy 

Surgical Anatomy 

Surgical anatomy of the urethra is discussed on p. 574, 

Positioning 

The animal is placed in dorsal or lateral recumbency and the 
penis extruded and gently cleaned with dilute chlorhexidine 

solution. 


FIG 


After resecting the prolapsed urethra, suture the urethral 

to the penis with simple interrupted sutures. 

(Courtesy H.P, Hobson, Texas A&M University.) 


mucosa 


and suture it to the penis. This prevents retraction and the 
need for stay sutures , 1 

Concurrent excision of the distal end of the penis may be 
necessary in some dogs. 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Monofilament, nonreactive suture material such as poly- 
dioxanone, polyglyconate, or poliglecaprone 25 may be used, 


POSTOPERATIVE CARE 
AND ASSESSMENT 


An Elizabethan collar or sidebar should be used postopera- 
tively to prevent the dog from licking. Tranquilizers maybe 
helpful to prevent postoperative hemorrhage but should 
only be used in patients in which pain has been appropri¬ 
ately managed. Nonabsorbable sutures should be removed 
in 7 to 10 


s. 


COMPLICATIONS 


Hemorrhage from the surgical site may occur for 7 to 14 
days. The dog should be prevented from becoming excited 
during the early postoperative period. 


SURGICAL TECHNIQUE 


Place stay sutures in the urethral mucosa and apply gentle 
traction to straighten the prolapsed material , Place one or 

two straight needles through the penile tissues (Fig. 27-3 J) 
or use stay sutures in the urethral mucosa distal to the pro¬ 
posed site of transection to prevent the urethra from retract¬ 
ing within the penis. Transect the urethra along its circumfer 

and suture it to the penis with 4 0 to 6-0 simple 
interrupted sutures of monofilament absorbable or nonab¬ 
sorbable suture (Fig. 27-32 }, Alternately , make an incision 

of the penis through both penile and 
urethral mucosa, extending halfway around the circumfer- 

of the urethra. Suture the urethral mucosa to the penile 

the dorsal surface of the urefhrol rrrucosa 


PROGNOSIS 

Without surgery, the prolapse will not spontaneously re¬ 
solve, Recurrence is uncommon following surgical resection, 
however. 


Suggested Reading 

Hobson HP, Heller R11; Surgical correction of prolapse in the male 
urethra, Vet Med/Small Anim Clin 66:1177,1971. 

McDonald RK: Urethral prolapse in a Yorkshire terrier, Compmi 
Small Anim Pmet Vet 11:682, 1989. 

Sinibaldi KIT Greene RW: Surgical correction of prolapse of the male 
urethra in three English bulldogs, / Am Anim Hasp Assoc 9:450,1973. 


en ce 


the ventral surf 


on 


ence 


then incise 


mucosa , 

















597 


Surgery of the Bladder and Urethra 


Chapter 27 


poll aid uria, vaginal discharge, and/or urinary obstruction). 

Neoplasia and granulomatous inflammation may be differ¬ 
entiated by cytologic evaluation of urethral aspirates or 
surgical biopsies. The cause of granulomatous urethritis is 
unknown. Affected dogs may respond favorably to immuno¬ 
suppressive therapy (i.e., prednisone or prednisone plus 
cyclophosphamide) plus antibiotics. 


BLADDER AND URETHRAL NEOPLASIA 


DEFINITIONS 


Transitional cell carcinomas are malignant tumors arising 

from a transitional type of stratified epithelium that usually 
affect the urinary bladder. Rhabdomyosarcomas are highly 
malignant tumors of striated muscle that may develop from 
pImpotent stem cells of the primitive urogenital ridge— 
remnants of the mullerian or vvolfhan ducts. 


NOTE • Granulomatous inflammation may cause 
clinical signs similar to urethral tumors. These lesions 
must be differentiated. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


DIAGNOSIS 

Clinical Presentation 

Signal merit* bladder tumors are more common in dogs 
than cats. Older dogs weighing more than 10 kg are most 
commonly affected; however, hotrvoid rhabdomyosarcoma 
{a rare tumor) may occur in young large-breed dogs and 
young cats. Female dogs and male cats have a higher risk for 
developing bladder cancer. The average age of affected dogs 
and cats is approximately 10 years. Urethral tumors are more 
common in older female dogs. 

History* Most dogs with bladder or urethral tumors are 

examined because of hematuria, poll aid uria, stranguria, 
and/or dysuria. Other signs include incontinence, polyuria/ 
polydipsia, lameness, and dyspnea. Lameness may be due 
to hone metastasis or hypertrophic osteopathy. The most 
common clinical sign in cats is intermittent or persistent 
hematuria. If the tumor causes urethral or bladder obstruc¬ 
tion, signs of uremia (i.e., vomiting! anorexia, depression) 
may occur. Rectal prolapse has been reported in a cat 
with transitional cell carcinoma of the bladder (Barrad, 
1999), 


Bladder neoplasia occurs more frequently than neoplasia 
of the remainder of the urinary system in dogs. In cats, re¬ 
nal lymphosarcoma is more common than bladder neo¬ 
plasia. It has been hypothesized that the prevailing varia¬ 
tion of bladder tumors between dogs and cats is due to 
differences in metabolism of tryptophan and its carcino¬ 
genic intermediary metabolites. Although dogs excrete 
aromatic amine metabolites of tryptophan in appreciable 
quantities into their urine, feline urine is almost devoid of 
them. Prolonged contact of the bladder mucosa with such 
carcinogenic substances may be important in the develop¬ 
ment of tumors. Cyclophosphamide may also cause blad¬ 
der neoplasia in dogs. Most bladder tumors are malignant; 
metastasis lo the sublumbar lymph nodes and lungs is 
common. Local extension lo the ureters and/or urethra is 
also common. 

Transitional cell carcinoma is the most common tumor 
tvpe in canine and feline bladders; other malignant bladder 
tumors include squamous cell carcinoma, adenocarcinoma, 
fibrosarcoma, leiomyosarcoma, neurofibrosarcoma, rhab¬ 
domyosarcoma, and hemangiosarcoma. Fibromas, leiomy¬ 
omas, hemangiomas, rhabdomyoma, myxomas, and neu¬ 
rofibromas are benign bladder tumors. 1 nflammatory po 1 yps 
may also be found in the bladder. Metastasis of other tumors 
to the bladder is uncommon although extension of prostatic 
or urethral tumors may occur. Dogs with bladder tumors 
commonly have other concurrent, primary tumors else¬ 
where in the body. Fibromas are benign tumors of mes¬ 
enchymal origin that may occur in the bladder. They may be 
incidental findings or cause clinical signs similar to urinary 
tract infection, frequently they are pedunculated, single, or 

multiple—surgical excision is often curative. Single or mul¬ 
tiple bladder papillomas may occur in older dogs and cause 
hematuria when ulcerated. 

Transitional cell carcinomas are the most common ca¬ 
nine urethral neoplasm; urethral tumors are exceedingly 
rare in cats. Other urethral tumors include squamous cell 
carcinoma and adenocarcinoma. These tumors may be pri¬ 
mary urethral masses or they may be extensions of prostatic 
or bladder neoplasia. Malignant urethral tumors are fre¬ 
quently locally invasive and may metastasize to the sublum¬ 
bar lymph nodes and lungs. Granulomatous inflammation 
of the urethra in female dogs may cause clinical signs 
similar to urethral neoplasia (i.e., stranguria, hematuria, 


Physical Examination Findings 

The most common physical exam findings include a urethral 
or caudal abdominal mass, prosfatomegaly, bladder disten¬ 
tion, abdominal pain, weakness, lymphadenopathy, cough or 
dyspnea, and/or lameness. LTethral masses in females may 
be palpated rectally or by digital examination of the vagina. 
Physical examination findings are normal in nearly one third 
of dogs with bladder neoplasia. 

Radiography/Ultra sonography 

Survey abdominal radiographs are rarely diagnostic but may 
help exclude prostatic disease or urolithiasis. The sublumbar 
lymph nodes, pelvis, and vertebrae should be examined for 
metastasis. Diffuse thickening or calcification of the bladder 
wall is occasionally noted. Positive-contrast urography and 
ultrasonography are the most useful tools for diagnosing 
urethral or bladder neoplasia (Fig. 27-33). Excretory urogra¬ 
phy may show hydroureter and/or hydronephrosis, and ir¬ 
regular filling defects in the bladder. Double-contrast cys¬ 
tography is most effective for delineating masses in the 
bladder wall and lumen. Retrograde urethrography (see 
p.588) sho uld be p er fo rm ed i n d ogs with s u s pec ted u re t h ra 1 
neoplasia to determine the length of the urethra affec ted and 
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(gl TABLE 27'10 


Medical Treatment of Canine Cystic Transitional 
Cell Carcinoma 


Piroxkam (Feldene) 


0,3 mg/kg PO, eod to sid* 


Misoprostol (Cytotec) 


1-5 ugAg PO, fid 


; std adminis- 


*5farl with eod administration and observe response 

fration may be associated with gastrointestinal ulceration. 

times o day. 


; tid, three 


eod f Every other day; std, once a day 


Many cats with lower urinary tract neoplasia are treated pre¬ 
sumptively for sterile cystitis w 
tiers, and/or dietary changes for months before making the 
diagnosis. Nonneoplastic (granulomatous) infiltrative 
thral disease should be differentiated from neoplasia by cyto¬ 
logic and/or histopathologic evaluation of biopsy specimens. 


r ith antibiotics, urinary acidi- 


ure- 


FIG. 27-33 


MEDICAL MANAGEMENT 


CystoLFefhrogram in a dog with a large transitional cell 

Note the filling defect near the bladder trigone. 


If partial or complete urinary obstruction is present, the ani¬ 
mal should he stabilized before surgery w ith fluids and cuta- 

diversion (urethral catheter or tube evs- 


carcmoma. 


al involvement. Thoracic ra- 


to check for evidence of trigon 
diographs should he performed to identify pulmonary 

metastasis. Ultrasonography is 
domen for metastasis. .Although fine-needle aspirates of the 

mass may provide a presui gical diagnosis, it may cause seed¬ 
ing of the tumor along the needle tract. Cystoscopy is useful 
for identifying lesions and obtaining biopsies in female dogs 

and some male dogs. 


neons urinary 

tostomy). Electrolyte and acid-base abnormalities should be 
corrected and concurrent UTI treated with appropriate art- 


useful to evaluate the ab- 


tibiotics. An BCG should be evaluated for arrhythmias. Treat¬ 
ment of malignant bladder tumors with excision and/or adiu- 

chemotherapy has also been reported. Piroxkam [Table 
27-10) has been used to treat nonresectahle transitional dl 
carcinoma of the urinary bladder in dogs. In one study, pari ial 
complete remission of tumor w r as noted in 6 of 34 dogs; 
other dogs subjectively had an Improved quality of life 

remission (Knapp et al, 1994). The 

T B 

of piroxkam antitumor activity u un¬ 
known; however, canine transitional cell carcinoma expresses 
cyclooxygenase - 2* which might explain a direct drug effect 

(Nasir et al, 2000). Anti-inflammatory activity might also be 

* " 

common side effect of piroxkam ad- 


or 


Laboratory Findings 

A CBC, serum biochemical profile, and urinalysis should be 

animals with bladder tumors. Hematuria, 

. Al- 

the urine sediment 


n i a ny 

despite the lack of tumor 
exa c l mechanis m 


performed in 

pyuria, proteinuria, and/or bacterium arc common 
though malignant cells may be found in 
of some dogs with bladder or urethral tumors, they are not 
detected in most cats with bladder neoplasia. Care should be 
taken to avoid confusing neoplastic cells from those that are 
merely dysplastic; atypical transitional cells are common in 
animals with cystitis. Also, prolonged exposure to urine may 
make interpretation of abnormal cells difficult. Emptying 
the bladder and performing cytologic evaluation of a saline 
wash may he helpful in some animals. Hematologic and bio¬ 
chemical parameters are usually normal; however, elevations 

in serum creatinine and BUN may occur 
struct ion of ihe lower urinary tract or ureter. Anemia is 
common in cats with bladder tumors. Hypereosinophilia 

cat with transitional cell carcinoma of 


important. The most 

ministration is gastrointestinal irritation (i 
lena, and/or vomiting). Concurrent use of misoprostol may be 
beneficial in these cases (see Table 27-10). 


e,, anorexia, rae- 


SURGICAL TREATMENT 


Surgical therapy is difficult because the most common site 
for urinary bladder neoplasia is the trigone. Although ihe 

be transected and implanted into the apex of the 


w r ith partial oh 


ureters can 

bladder following partial cystectomy, incontinence typically 

i ■ 

occurs if the trigone is removed. Similarly, implantation ot 
the ureters at a distant site (i.e., the colon) following com¬ 
plete cystectomy typically causes pyeloneph 
continence (see p. 584). Tumor spread beyond the primary 

Transplantation of transitional cell car- 


has been reported in a 
the bladder (Selion et al, 1992). 


ritis and/or in- 


DIFFERENTIAL DIAGNOSIS 


site is also common. 

to the subcutaneous tissues of the surgical incision 


Other causes of hematuria and/or bacteriuria (e.g., urolithia¬ 
sis, prostatic disease, polypoid cystitis) should be excluded. 


ci n o m a 

has been reported in dogs; therefore, the same instruments 
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nary catheter and suture the bladder with a continuous op¬ 
positional suture pattern. 


r. & 


mm 
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VN 
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Otherwise, a two-layer inverting pattern can he used (see 
p. 574), 

If the bladder trigone is involved[ consider ureterocolonic uri 
nary diversion (see p. 584}, chemotherapy, or euthanasia . 

For urethral neoplasia, check the trigone, ureters, sub- 
lumbar lymph nodes, and other abdominal tissues for evi¬ 
dence of neoplasia. Perform a pelvic osteotomy and 

e entire 

ra or trigone, perform a urethral resection 
and anastomosis (see p, 578). If only the distal urethra is in¬ 
volved and neoplastic tissues con 
prepubic urethrostomy (see p. 582). 
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FIG. 27-34 

Leiomyoma of the bladder Surgical excision of benign 
furriers or those located at the bladder apex may be 
curative. 


a 


In rare instances, a benign, pedunculated urethral tumor 
may be removed through a urethrotomy incision (see p. 580), 


should not be used on o ther t is sues th at are used to r e s e c t o r 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


biopsy bladder tumors. Surgical excision of neoplastic le 
iions may be curative if the tumor is benign (Fig, 27-34), 
Resection of focal lesions of the urethra is possible with a 
transpubic surgical approach and urethral resection and 
anastomosis (see p, 578). Prepubic urethrostomy (see p, 582) 
with resection of n eo pi as t i c t i ss ue s maybe p e r for m e d if the 
distal urethra is involved. Urethral tumors that involve the 
entire length of the urethra or the bladder trigone are gener¬ 
ally inoperable. 


Absorbable suture material (e.g., polydioxanone [PDS], 
polyglyconate [ Maxo n j, polyglyco 1 i c add [ Dexon J 
poiyglactin-910 [ Vicryl|, or poliglecaprone 25 tMonocry]] is 
preferred for bladder and urethral surgery (see p. 586). 


POSTOPERATIVE CARE 
AND ASSESSMENT 


rhe animal should he observed for urinary leakage or ob¬ 
struction following surgery. With ureterocolonic anastomo¬ 
sis, intravenous fluids should be continued for 24 to 72 
hours to ensure diuresis. The animal should be encouraged 
ro eat the day following surgery (see p. 586). The kidneys 
should be monitored for function and infection postopera- 
lively. If neurologic dysfunction occurs, blood ammonia lev¬ 
els should be measured and the animal treated appropriately 
(see p. 460). Following this procedure, the addition of 0.5 to 
2,0 g of sodium bicarbonate to the food twice daily may re 
suit in improvement of clinical signs associated with hyper 
chloremia and metabolic acidosis. Placement of Vaseline on 
the perineum may help prevent urine scalding. 


Preoperative Management 

Seethe discussion on medical management on p. 572. 






Anesthesia 




11 renal impairment is not present, many different anesthetic 

is present, 


regimens can be used safely. If renal impairment i 


see p. 573 for suggested anesthetic protocols. 


Surgical Anatomy 

Refer to p, 574 for the surgical anatomy of the bladder and 

urethra. 




Positioning 

fhe animal is placed in dorsal recumbency and the abdomen 
prepared for a ventral midline incision. For bladder neopla¬ 
sia, the incision should extend from above the umbilicus to 
the brim of the pelvis. With urethral neoplasia, the incision 
should be extended caudally to allow a pubic osteotomy to 
be perfo rmed, 


COMPLICATIONS 




The most common complications of bladder and urethral 
surgery are urinary leakage or obstruction (see p. 586). 
Pyelonephritis, renal failure, neurologic dysfunction, elec¬ 
trolyte abnormalities, metabolic acidosis, and diarrhea with 
subsequent perineal irritation are possible complications of 
ureterocolonic urinary diversion (see p. 587). 






SURGICAL TECHNIQUE 


PROGNOSIS 


Examine me sub/umbor lymph nodes, ureters, and other ab¬ 
dominal organs for evidence of tumor extension or me testa- 
sis, for Wadder neoplasia, locate the entrance of the ureters 
into fbe trigone and excise the tumor, removing at least I 
01 normal tissue. Be 
large portion of the bladder has been removed, place a uri- 




Because of the malignant nature of most lower urinary tract 
tumors, the prognosis is guarded. Many tumors have already 
metastasized at diagnosis. With aggressive surgery urethral 
tumors may have a better prognosis than bladder tumors. 
Chemotherapy may allow dogs with bladder tumors to 


cm 


ta avoid damaging the ureters, tf a 


sure 
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caused by neurogenic abnormalities, or anatomic outflow 
obstruction (paradoxical or overflow incontinence), maybe 
hormone responsive (urethral sphincter mechanism incon¬ 
tinence), or may be due to inflammation (urge inconti¬ 
nence), congenital abnormalities (e.g., ectopic ureters), or 
behavioral problems. 


survive tor significantly longer periods than if they undergo 
surgery. Dogs with transitional cell carcinoma of the bladder 
treated with doxorubicin and cyclophosphamide had a me¬ 
dian survival time of 259 days compared to 86 days with sur¬ 
gery alone (l lelfand et ah 1994). In a recent study of 25 dogs 
with unresectable urinary bladder carcinoma treated with 
chemotherapy, the overall median survival was 251 days 
(Rocha et ah 2000), Spayed females survived significantly 
longer than castrated males, and dogs that received either 
doxorubicin or mitoxantrone in addition to a platinum- 
based chemotherapeutic lived significantly longer than those 
that received only a platinum compound, for most owners, 
piroxicam maybe the most appropriate medical therapy. Ra¬ 
diation and photodynamic therapy are still being evaluated 
in relation to their potential benefit in dogs with this disease. 

The results of ureterocolonic anastomosis in a large 
number of dogs have not been reported, but with improved 
techniques and the prevention of the deleterious effects of 
pyelonephritis on renal function, long-term survival might 

be possible. Newer 
namic therapy may improve the prognosis of animals with 

bladder tumors in the future. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


No true bladder sphincter exists in the bitch, so continence is 
maintained by multiple, interacting factors. Poor urethral tone, 
marked urethral hypoplasia, "pelvic” bladders, ovariohysterec¬ 
tomy, obesity and congenital abnormalities have all been im¬ 
plicated as potential causes of urinary sphincter mechanism 
incontinence in female dogs. Congenital urethral sphincter 
mechanism incontinence has also been described in cats. Some 


animals respond to estrogen supplementation or drugs that act 
the autonomic nervous system. Sympathomimetic drugs, 

-adrenergic stimulants (e.g.* ephedrine, phenvl- 


on 


particularly c* 

propanolaminc, and imipramine) have been used to increase 
urethral sphincter tone. Surgical alternatives to improve ure¬ 
thral resistance include urethral slings, artificial sphincters, 
urethral lengthening procedures, periurethral injections of 
polytet r aflubroe thy 1 e tie, colposuspen sion, and cyst o- 
urethropexy. Because these techniques are not uniformly suc¬ 
cessful, or because success has not been well documented in a 
large number of animals with urinary incontinence, surgical 
treatment (other than tor congenital abnormalities such as ec¬ 
topic ureters; see p. 558) should be reserved for animals that do 
not respond to medical management (see below), or when the 
owners refuse to consider long-term drug therapy. 


treatment methods such as photody- 
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with transitional cell 


NOTE • Consider ectopic ureters [see p. 558) as a 

differential in any young animal with urinary incon¬ 
tinence. 


Suggested Reading 


Estrogens probably exert their beneficial effect by improv¬ 
ing smooth muscle contractility and sensitivity to a-adrener¬ 
gic innervation. Bladder neck position may affect continence; 

increases in intraabdominal pressure 
the bladder and proximal urethra in bitches with an intraab¬ 
dominal bladder neck. Dogs, however, with more caudal 
(pelvic) bladders have this pressure transmitted to the bladder, 
but not the urethra. Experimentally, a rise in intraabdominal 
pressure leads to shortening of the functional urethral length, 
which might increase the adverse effect oi bladder neck posi¬ 
tion In these dogs, thereby worsening incontinence. 

DIAGNOSIS 

Clinical Presentation 

Signalment. Medium-sized and large-breed dogs seem 
to be at increased risk, particularly Doberman pinschers,old 
English sheepdogs, and springer spaniels. Among small- 
breed dogs, miniature poodles may be at increased risk. In¬ 
continence may be first noted at any age, depending on the 

cause. 


Davies |V, Read HM: Urethral tumors m dogs, / Small Anim Pract 
21:131, 1990. 

Krawiec DR: Canine bladder tumors: the incidence, diagnosis, ther¬ 
apy, and prognosis, Vet Med 1:47,1991, 

MoroffSD et al: Infiltrative urethral disease in female dogs: 41 cases 

(1980-1987), I Mi Vet Med Assoc 199:247, 1991. 

Norris AM et al: Canine bladder and urethral tumors: a retrospec¬ 
tive study of 115 cases (1980-1985), J Vet Intern Med 6:145, 1992. 
Van Vechten M,Goldschmidt Mil, Wortman JA: Embryonal rhab¬ 
domyosarcoma of the urinary bladder in dogs, Compend Con tin 

Educ Pract Vet 12:783, 1990. 


are transmitted to both 


URINARY INCONTINENCE 


DEFINITIONS 


Urinary incontinence is due to failure of voluntary control 
of the vesical and urethral sphincters with constant or fre¬ 
quent involuntary passage of urine. Incontinence may be 


















601 


Ch apte r 2 7 Su rgery of th e Bladdcr a nd Vreth m 


History, Animals may have a lifelong history of urinary 
incontinence, or it may occur after ovariohysterectomy. The 
incontinence may he continuous, intermittent, or may only 
occur when the animal is excited or asleep. 

Physical Examination Findings 

Physical examination findings are usually unremarkable. In 
some animals the bladder may be caudally displaced in the 
abdominal cavity. Signs of concurrent urinary tract infection 
■Te., hematuria, dysuria, stranguria) maybe noticed. In cats 
with urethral hypoplasia, vaginal aplasia is common with the 
uterine horns emptying into the caudal part of the dorsal 
wall of th e bla d der. 


TABLE 27'1 1 


Drugs Used in the Treatment of Urinary Incontinence 


Phenylpropanolamine 


Dogs: 75-2,0 mg/kg PO, bid lo tid 


Cols: 1,5 mg/kg PO, TID 


Ephedrine 


Can: 2-4 & g PO, BID to TID 


12,5-50 mg/dog PO, bid to tid 


Dogs: 4 m 


or 


DiethyIstiIbeslroI (DES) 

Dog: 0.1-1,0 mg doily PO For 3-5 days, then same dose 
once weekly 


Radiography/ Cystoscopy 

Excretory urography should be performed to identify the 
termination of the ureters into the bladder. The vesi¬ 
courethral junction may appear blunted and abnormally di¬ 
lated, or the urethra may seem abnormally short. In cats 
with vaginal aplasia, radiographic evidence of a communi¬ 
cation between the lumen of the uterus and the bladder may 
be noted. Retrograde cystoscopy may be the most sensitive 
and specific way to diagnose and define ectopic ureters. 

Laboratory Findings 

Other than findings consistent with urinary tract infection 
in some animals, laboratory findings are unremarkable. 
Urine cultures should be performed in all animals with in¬ 
continence, even if the urinalysis is not suggestive of a UT1. 


Testosterone Cy pionate (Depotestosterone) 


Dog: 2,2 mg/kg IM, every 30 days 






Emipramine (Tofranil) 


2-4 mg/kg, PO, sid-bid 


more frequently than ephedrine because it has fewer side 
effects (i,e., hyperexcitability, panting, and/or anorexia) 
and greater efficacy over time. Some male dogs with 

testosterone-responsive urinary incontinence may be 
managed by parenteral testosterone* Repositol forms (he., 

testosterone cypionate; see Table 27-11) are most com¬ 
monly used. If prostatic enlargement or perianal adeno¬ 
mas are present (or occur during therapy), phenyl¬ 
propanolamine or ephedrine should be used rather than 

testosterone. 


DIFFERENTIAL DIAGNOSIS 


The various causes of urinary incontinence must be differ 


entiated. Urge incontinence secondary to cystic or urethral 
infection/inflammation should be excluded (e 


response 

with appropriate antibiotics) . Ectopic ureters should be de¬ 
tected and corrected surgically (see p. 558). Paradoxical in¬ 
continence ( e.g.j partial obstruction due to urethral calculi, 
neoplasia, or strictures) and neurogenic incontinence should 
be differentiated from urethral sphincter mechanism incom¬ 
petence based on radiographic findings, neurologic exami¬ 
nation, and/or catheterization. Urethral sphincter profilom- 
etrvand cystometry can determine urethral sphincter tone 
and bladder emptying pressures. 


SURGICAL TREATMENT 


There is presently no single surgical procedure that will 
cure incontinence in all female dogs with urethral sphinc¬ 
ter mechanism incontinence. Colposuspension has been 
performed on a large number of patients, with 53% of 150 
dogs in one study becoming continent after surgery (Holt, 
3 990). Cystouretliropexy resulted in continence in 9 of 10 
bitches immediately following surgery; however, inconti¬ 
nence recurred in 7 of these dogs within 5 months of the 
surgery (Massat et ah 1993). The addition of phenyl¬ 
propanolamine to ihcse 7 dogs further controlled inconti¬ 
nence in 6 of them, despite their being unresponsive to il 
before surgery. Urinary incontinence has been treated by 
urethral submucosal Teflon injection in 22 dogs (Arnold et 
al, 1989). Continence was achieved in all dogs for at least 2 
months; however, incontinence recurred in 64% (14 dogs), 
A second Teflon injection was effective in controlling the 
incontinence in 11 of 12 dogs. In animals with marked ure¬ 
thral hypoplasia, reconstruction of the bladder neck may 
be effective in eliminating or decreasing incontinence (see 
below). A sling procedure using a polyester ribbon passed 






MEDICAL MANAGEMENT 


Dogs with suspected urethral sphincter mechanism in¬ 
competence should be treated with estrogens and/or sym¬ 
pathomimetic drugs initially and concurrent urinary tract 
infections should be treated* Diethylstilbestrol (DES) 
and/or a-adrenergic agonists (i.e,, phenylpropanolamine 
or ephedrine; Table 27-11) may be used to increase ure¬ 
thral sphincter tone. If the animal responds to DES, the 
frequency of administration should be decreased to the 
lowest effective dose. High doses of DES may cause estrus- 
3ike signs, bone marrow toxicity, and/or alopecia; there¬ 
fore dosages greater than 1 mg daily should be used with 

caution. Use of a-adrenergic agonists with DES may allow 

lower dosages to be used. Phenylpropanolamine is used 
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through the obturator foramen, around the urethra, and 
fixed outside the pelvis resulted in 6 of 26 dogs becoming 
continent (Nickel et ah 1998). An additional 7 dogs became 
continent when colposuspension was performed, and 4 
other dogs were continent with added medical therapy. 
This procedure was recommended for dogs weighing more 

than 20 kg. For the sling procedure to be beneficial, it must 
increase urethral pressure close to, or within, the normal 

ra n ge. 
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NOTE * Rule out other causes of incontinence and 
determine efficacy of medical management before 

attempting surgical correction. 
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Preoperative Management 

Concurrent urinary tract infections should be treated before 
s u rger y. 

Anesthesia 

If renal impairment is not present, many different anesthetic 
regimens can be used safely. If renal impairment is present, 
see p. 573 for suggested anesthetic protocols, 

Surgical Anatomy 

See p. 574. 

Positioning 

The animal is placed in dorsal recumbency and the abdomen 
prepared for a ventral midline incision. The prepped area 
should be sufficient to allow the incision to extend from the 
pubis proxinially to the umbilicus. 


\ 


U 


W/ 


FIG* 27-35 

For bladder flap reconstruction of a hypoplastic urethra, 
make two stab incisions into the bladder wall caudal and 

lateral to the ureteral stoma. Then, moke two full-thickness 

flaps (see Fig, 27-36). 


layers of sutures , suture the urethral tube with a single -layer 
oppositional pattern using care to ensure sufficient opposition 
of sutures such that urine leakage will not occur. Suture the 
flaps together Perform ovariohysterectomy in intact cats in | 
which the uterine horns empty into the bladder. 1 

Colposuspension 

Place a Foley catheter into the bladder and empty it of urine , 
Make a caudal midline abdominal skin incision extending 
onto the pubis. Undermine subcutaneous fascia and fat and 
expose the prepubic tendon bilaterally : Extend the abdominal 
incision through the linea alba and expose the bladder Place 
traction on the bladder and identify the bladder neck by in¬ 
flating the bulb of the Foley catheter. Bluntly dissect the tissues 
between the urethra and the pelvic floor Have an assistant 
di s place the vag in a c ran ially by placing a fin ger in the vulva. 
Separate the fat and fascia around the ventral bladder neck 
and proximal urethra and expose the vaginal wall dorsolat¬ 
eral to the urethra. While maintaining cranial traction on the 

vagina (Fig. 27-37 t Al place two sutures (0 or I monofila- 
m en t non absorbable s u turej on each s ide from the vagina to 
the prepubic tendon (Fig. 27-37 \ BJ. Place sutures full- thick¬ 
ness through the vaginal wall taking core to ensure that the 
urethra is not compressed or displaced by the sutures. i 

Transpelvic sling 

Place a } 2 Fr balloon catheter into the urethra and feed it 
into the bladder. Fill the balloon with i ml of sterile saline 
and attach the catheter to a closed urinary collection system. 
Make an incision through the abdominal wall between the 








SURGICAL TECHNIQUE 


Although numerous techniques have been described to cor¬ 
rect urethral sphincter mechanism incontinence, only blad¬ 
der flap reconstruction for treatment of hypoplastic ure¬ 
thras, colposuspension, and a transpelvic sling procedure are 
described here. 


Bladder Flap Reconstruction of 
a Hypoplastic Urethra 

Perform a ventral cystotomy that extends into the proximal as¬ 
pect of the hypoplastic urethra. Identify the ureteral openings. 
Make two stab incisions into the bladder wall caudal and lat¬ 
eral to the ureteral stoma, with the distance between the stab 
incisions representing the desired circumference of the new 
urethral tube , m addition to an allowance for suturing (Fig. 

27-35). A 3.5 or 5 French (cats) or 8 French (dogs) catheter 

should pass easily into the newly created urethral tube . Use 
scissors to extend the incision towards the urethra , creating 
two full-thickness flaps. Reflect the flaps cranially (Fig. 27-36, 
A). Suture the defect from the urethral end cranially to form 

the urethral tube (Fig. 27-36 , BJ with a two-layer simple con¬ 
tinuous suture pattern or a simple continuous suture pattern 
and a Cushing s pattern , Use absorbable suture material (2- 
0 to 4-0) r if th e u reth ral lumen is comprom i s ed by placi ng two 
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FIG- 27-36 


Use scissors to extend the incisions illustrated in Fig. 27-35 towards the urethra, creating 

two full-thickness flaps. A, Reflect the flaps erani ally and suture the defect from the urethral 
end cramally to form a urethra! tube (B). 




umbilicus and the pubic brim , extending over the pelvic sym¬ 
physis, and separate the attachment of the adductor muscles 
to the pe/vis. Use a periostea! e/evu to r fa blunfly dissect the 
muscle tissue from the pubic bone bilaterally 
rotor foramen are 
bladder and' 


Vagina 


Bladder 
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vis/6/e. Transect the ventral ligament of the 
careful blunt dissection to free the urethra 
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from 3s attachment to the pelvis, Place a stay suture in the 
apex of the bladder, and retract the bladder caudally to ex¬ 
pose the cranial end of the vagina. Dissect the vag /,na from 
its attach m en ts to th e bladder neck an d p roxim a I ureth ra. 
Free the midpoint of the urethra from the vagina using long 
dissection forceps, to allow passage of an 8-mm braided 
polyester ribbon (see below) around it. Perforate the thin fas¬ 
cia of the obturator foramen with a 
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piece of 20-gauge 


it 


or¬ 


thopedic wire that has been twisted to form a loop. Pass the 
niton though the w/re loop and pull it back outside the 
pelvic canal. Repeat th e p ro cedure on th e o ther side. Ch eck 
the position of the polyester ribbon to ensure full contact ol 
the 8-mm width of the ribbon with the midportion 
thro* Apply cran/ol traction on the stay suture in the apex of 
the bladder to visualize the midportion of the urethra. Re¬ 
lease the tension on the stay suture, pull the polyester ribbon 
light, and fix it to itself with a titanium Li gad ip ventral to the 
pelvic symphysis. Check the tension of the n 
pelvic canal by digital palpation and by having an assistant 
withdraw the balloon catheter through the urethra. The rib¬ 
bon should be tight around the urethra with some slack re¬ 
maining, and the catheter should be able to he withdrawn 

the ribbon is con sid¬ 
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FIG. 27-37 

Colposuspension is occasionally performed for urinary 
incontinence. Separate the fat and fascia around the ventra 
bladder neck and proximal urethra and expose the vaginal 
wall dorsolateral to the urethra. A, While maintaining 
cranial traction on the vagina (B), place two sutures on 
each side from the vagina to the prepubic tendon. 


without difficulty. When the tension 
ered satisfactory, suture the ribbon together around and 
lop of the (igaebp using 2-0 nonabsorbable monofilament 
suture material. Cut the remainder of the ribbon off and re¬ 


el it 

line 

'em. 




rTKDve it. Close the abdomen routinely. 


fhe 
































































































604 


PAR'I' Ill Soft Tissue Surgery 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


FELINE UROLOGIC SYNDROME 
(STERILE CYSTITIS) 


Absorbable suture material polydi oxano ne [PDSJ> 

polyglyconate [Maxon], polyglycolic acid [Dexon], or 
polyglactin-910 1 Vicryl]) is preferred for bladder and ure¬ 
thral surgery (see p. 586), An 8-mm braided polyester ribbon 
(Mersilene, Ethicon) was recommended for the transpelvic 
sling desc ri b ed ab ove (N ickei, 1998) * 


DEFINITIONS 


Feline urologtc syndrome (FUS) is a term used to describe 
an idiopathic inflammatory process of the feline lower uri¬ 
nary tract that sometimes results in partial or complete ure¬ 
thral obstruction. The current accepted terminology is ster¬ 
ile cystitis or interstitial cystitis. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


SYNONYMS 


The animal should be closely monitored for urinary ob¬ 
struction or leakage following surgery If urinary obstruc¬ 
tion occurs, an indwelling urinary catheter should be 
placed and maintained for 3 to 5 days. Animals should be 
monitored for urinary tract infections periodically after 
s u r gery 


Feline obstructive uropathy blocked Tom cat 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Cats with sterile or interstitial cystitis may account for as 
many as 10% of all feline admissions to veterinary hospitals, 
They may or may not have struvite crystals or calculi, and 
struvite crystalluria may be found in some cats without evi¬ 
dence of associated signs of sterile cystitis. Urinary tract in¬ 
fection is uncommon in obstructed cats. Dietary factors (i.e., 
high dietary magnesium or ash content, feeding dry food), 
obesity urine alkalinity, UTI, decreased urine volume and 
decreased frequency of urination, viruses (e.g., feline calk 
civirus, bovine herpesvirus 4, feline synctia-forming virus), 
vesicou radial diverticula, and decreased glyeosoaminogly- 
can excretion have ail been implicated as causes of intersti¬ 
tial cystitis in cats; however, the etiology is not defined and is 

probably multifactorial. 


COMPLICATIONS 


If the urethral lumen is of insufficient width or swelling is 
excessive, urinary obstruction may occur. Other complica¬ 
tions include return of incontinence and urinary leakage. 


PROGNOSIS 


Urinary continence or decreased frequency and volume of 
urine dribbling appear to occur in most animals with ure¬ 
thral hypoplasia following bladder flap reconstruction. 
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NOTE * Struvite crystals are not always associated 
with signs of sterile cystitis, and some cats with ster¬ 
ile cystitis do not have struvite crystals or calculi. 


DIAGNOSIS 

Clinical Presentation 

Si g na I men t. Overweight cats may be predisposed to 
sterile cystitis. Males and females are equally affected; how¬ 
ever, male cats are more likely to obstruct due to the small 
diameter of their urethras. Middle-aged cats are more com- 
m only affect ed, a nd ind o o r ca t s m ay be a t in creased ri s k. 

History* Unobstructed cats usually present for evalua¬ 
tion of pollakiuria, stranguria, hematuria, and/or inappro¬ 
priate urination. Cats with obstruction may appear uncom¬ 
fortable or anxious, restless, may attempt to urinate 
frequently, lick their genitalia, and may have abdominal 
pain. If obstruction has been present for more than 36 to 48 
hours, anorexia, dehydration, vomiting, collapse, stupor, hy¬ 
pothermia, and/or bradycardia may be noted {see p. 572). 

Physical Examination Findings 

If the cat is obstructed, the bladder will feel distended and 
firm (unless it has ruptured) and cannot be expressed. Ab¬ 
dominal palpation may elicit signs of pain. Care should be 
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Anesthesia 

An ECG should be monitored before, during, and after surgery 
for cardiac arrhythmias. If the cat has been adequately stabi¬ 
lized fie., hydration and potassium are normal), diazepam 
followed by ultra-short-acting thiobarbiturates (thiopental 
so din m), o r p ro po fol, or m ask in d uct io n m ay be used it the cat 
is not vomiting (after premedicating with an opioid; Table 
27-12). Thiobarbiturates are arrhythmogenic and should 
therefore be used cautiously in animals with preexisting ar¬ 
rhythmias. Isoflu rane and sevoflurane are the least cardiode- 
pressant inhalation anesthetics and should be used for mainte¬ 
nance. Shocky, dehydrated, or hypovolemic patients should be 
induced with diazepam followed by etomidate, after premed¬ 
icating with an opioid. Because ketamine is excreted in the 
urine in its active form, it should be used very cautiously (if at 
all ) and at low dosages in cats with urinary obstruction. Mask 
induction should not be used if the cat is vomiting. 

Surgical Anatomy 

For a description of the surgical anatomy of the urethra, re¬ 
fer to p. 575, 

Positioning 

The cat is placed in sternal recumbency with the perineal re¬ 
gion elevated slightly. Ventilation may need to be assisted 
when the cat is positioned in this manner. 


taken when palpating the bladder of obstructed cats to pre¬ 
vent iatrogenic rupture. 

Laboratory Findings 

Laboratory findings may be normal or may show evidence of 
uremia, metabolic acidosis, and/or hyperkalemia. 


DIFFERENTIAL DIAGNOSIS 


neoplasia, 


Other causes of urethral obstruction (e.g 
trauma) should be excluded based on clinical signs, physical 


examination findings, and history. 


MEDICAL MANAGEMENT 


Fo r o bs t r uc ted cats > fluid t her a p y sh o u 1 d begin befo re labo¬ 
ratory data is returned. Fluids should be given intravenously 
to restore normal hydration and treat hyperkalemia (see 
p. 572). 0.9% saline should be used in case the cat is hyper- 
kalemic. If serum potassium is later found to be normal, a 
balanced electrolyte solution should be administered. Ob¬ 
struction should be promptly relieved by urethral catheteri¬ 
zation or gentle penile massage, if possible. If the cat is se¬ 
verely depressed, minimal restraint may be necessary In 
other cats, general anesthesia may be required (see below). 
Sterile isotonic fluid should be used to flush plugs or calculi 
into the bladder. Non metal, smooth, well-lubricated 
catheters are preferred to minimize urethral trauma. If the 
catheter cannot be advanced, cystocentesis may be helpful. If 
a normal stream is not present following catheterization or 
detrusor atony is present, an indwelling, .soft urinary 
catheter maybe sewn in place; however, this often promotes 
UTL The cat should be stabilized before performing a per¬ 
ineal urethrostomy. 


SURGICAL TECHNIQUE 

Perineal Urethrostomy 


Place a purse-string suture in the anus and catheterize the 
penis if possible. Make an elliptical incision around the scro¬ 
tum and prepuce and excise them . Place an Allis tissue for¬ 
ceps on the end of the prepuce or around the catheter to help 
manipulate the penis . Reflect the penis dorsolateral!/ and 
sharply dissect the surrounding loose tissue on either side 
(Fig. 27-38 , A), Extend the dissection ventrally and laterally 


SURGICAL TREATMENT 


Perineal urethrostomy is indicated to prevent recurrence of 
obstruction in male cats or to treat obstruction that cannot 
be eliminated by catheterization. It is also useful to treat stric¬ 
tures that occur following urethral obstruction and catheter¬ 
ization. With appropriate nonsurgical treatment of ob¬ 
structed cats, this procedure is less commonly indicated than 
previously. There is a high incidence of postoperative bacter¬ 
ial urinary tract infection after urethrostomy due to anatomic 
alterations of the urethral meatus, compromised intrinsic de¬ 
fense mechanisms, and the underlying uropathy. Many cats 
have a permanent loss of striated urethral sphincter function 
after this procedure, although incontinence is rare. 




TABLE 27-12 


Selected Anesthetic Protocols for Use in Shocky 
Dehydrated, or Hypovolemic Cats with Sterile Cystitis 






Premedication 4 


Anticholinergics 

Butorphanol (0,2-0.4 mg/kg SC or IM) or buprenorphine 

(5-15 p.g/kg IM) or oxymorphone [0.05 mg/kg SC 
or IM) 


Preoperative Management 

Electrolyte (i.e„ hyperkalemia) and acid-base abnormalities 
should be corrected before anesthetic induction (see p. 572). 
Fluids s h ould be given i n t r a ven ou sly to res to re n o rm al hy - 
Jration and combat postobstruction diuresis. Cats that were 
initially severely uremic will often have a marked post ob¬ 
struction diuresis during which time they require large vol¬ 
umes of intravenous fluids to prevent severe hypovolemia. 
Serum potassium concentrations must be monitored to 
avoid hypokalemia. 


Induction 


Diazepam (0,2 mg/kg IV) followed by etomidate [0.5-1.5 

mg/kg IV] 


Maintenance 

Isoflurane or sevoflurane 


* Anticholinergics may be given as needed if the animal is brody- 

cardie. 
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D 


FIG- 27-38 


Perineal urethrostomy may be performed in male cats with urinary obstruction. A, Reflect 
the penis dorsolaterally and sharply dissect surrounding loose tissue on either side. 

B r Transect the ischiocavernosus muscles and ischiourethralis muscles at their insertion on 
the ischium to avoid damaging branches of the pudendal nerves 
rhage. C, Elevate and remove the retractor penis muscle over the urethra 
longitudinal incision in the penile urethra. D, To ensure that the urethral width is adequate, 
extend the urethral incision approximately 1 cm beyond the level of the bulbourethral 
glands. [From Hosgood G, Hedlund C$: Perineal urethrostomy in cats, Compend Confin 

Educ Pract Vet 14:1 195, 1 992.) 


and to minimise hemor- 


, before making 


a 


mosqu/To he mo s fat up the urethra to ensure that the urethral 
width is adequate. 

The hemOstat should be able to be passed to the level of 
the boxlocks without resistance. 


toward the penile attachments at the ischial arch r Elevate the 

the ventral penile ligament. 

the ischiocavernosus muscles and is- 


penis dorsally and sharply sever 
Then, transect 

chiourethralis muscles at their insertion on 
avoid damaging branches of the pudendal nerves and to 

minimize hemorrhage (Fig. 27-38 , BJ* Reflect the penis ven- 

trally to expose the dorsal surface . Expose the bulbourethral 
glands proximal and dorsal to the bulbospongiosus muscle 
and cranial to the severed ischiocavernosus and k- 
chiourefhralis muscles , Avoid excessive dorsal dissection to 
prevent damaging the nerves and vessels supplying the ure¬ 
thral muscle. Elevate and remove the retractor penis muscle 

the urethra (Fig. 27-38, C) and longitudinally incise the 

No, 7 7 blade or sharp tenotomy scis~ 
. Continue the urethra incision proximal to the pelvic are ■ 


the ischium to 




Suture the urethral mucosa to the skin using 4*0 ofc* 

or polyglyconatej or nonat* 

polypropylene) suture on a taper-cut, 
sure to suture the urethral mucosa 




s orba ble (pal yd ioxa none 
sorb able (nylon or 
swaged-on needle . Be 
to skin (it is sometimes difficult 
the most proximal sutures at a 45-degree 
first , 7/ren place the remainder. Suture the proximo I two H 

thirds of the penile urethra to the skin and amputate the H 

distal end by placing a horizontal mattress suture through H 
the skin and penile tissues and severing the penis distal to I 

this ligature . Close the remaining skin with simple infer H 

rupfed sutures (Fig. 27-39). 


to identify mucosa). Place 


angle to the sic in 


over 


penile urethra usi 


sors 

thro approximately 1 cm 
bourethral glands (Fig. 27-38 , DJ. Pass a closed Hoisted 


beyond the level of the bur 
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procedure. Rectal prolapse has been reported following per¬ 
ineal urethrostomy in cats. 


NOTE * Stricture formation following perinea! ure¬ 
throstomy is usually due to making the stoma too 

small* 


PROGNOSIS 


The mortality rate of obstructed cats may exceed 35%. This 
high rate is often due to the financial constraints of owners 
reluctant to finance multiple or prolonged hospitalizations. 
Recurrence of obstruction is uncommon it perineal ure¬ 
throstomy is performed properly; however, the cat should be 
monitored periodically for UTJ for the remainder of its life. 


II©* 27*29 

Appearance of a completed perineal urethrostomy in a cat. 
(From Hosgaod G, Hedlund C5: Perinea! urethrostomy J 
cats, Compend Contin Educ Pract Vet 14:1 195, 1992 J 


Suggested Reading _ _ 

Buffington CAT Chew D] n Woodworth BE: Feline interstitial cysti¬ 
tis, / Am Vet Med Assoc 215:682, 1999. 

Griffin DW> Gregory CR: Prevalence of bacterial urinary tract in¬ 
fection after perinea! urethrostomy in cats, / Am Vkf Med Assoc 

200:681, 1992. 

Hosgood G, Hedlund CS: Perineal urethrostomy in cats, Compend 

Conttn Educ Pract Vet 14:1195,1992. 

Osborne CA et al: Feline urologk syndrome, feline lower urinary 
tract disease, feline interstitial cystitis, what's in a name? / Am Vet 
Med Assoc 2 14:1470, 1999. 

Yeh L“S„ Chin S-C: Modified perineal urethrostomy using preputial 

mucosa in cats, J Am Vet Med Assgc 216:1092, 2000. 


in 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


A urinary catheter is placed in the urethra to help locate it 
during the operation. Monofilament absorbable (polydiox- 

anone, polyglyconate, or 
sorbahle (polypropylene or nylon) suture is preferred. The 
satures should be removed 10 to 14 days after the surgery. 
Tenotomy scissors and small, atraumatic forceps are useful. 


poligiecaprone 25) or nonab- 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Selected abstracts of recent manuscripts 


Paper, instead of gravel litter, should be used until the wound 
is healed, Urinary cultures should be performed periodically 
to deck for UTI, Indwelling catheters should not be rou¬ 
tine! v used following surgery because they may promote 
stricture formation and/or UTI. 


At a lan G, Barr FJ> Holt PE: Frequency of urination and ul¬ 
trasonographic estimation of residual urine in normal and 
dysuric dogs. Res Vet Set 68:295> 1999. The purpose of this 
study was to determine residual urine and frequency ol uri¬ 
nation in normal male and female dogs and to compare 
these with dogs with neurogenic and obstructive dysuria. 
The bladder volume before urination was estimated ultra- 
so no graphically in 99 dogs (48 normal and 51 abnormal 
dogs). Each animal was then taken outdoors and walked on 

for 10 minutes. The number of attempts to urinate 


NOTE * Evaluate those cats period really for UTI, 


COMPLICATIONS 


grass 

(successful or not) was recorded. Bladder urine volume after 
urination was then calculated. Normal females made only 


Tlic most serious complication of perineal urethrostomy is 
stricture formation, Stricture formation in cats following 
perineal urethrostomy is generally due to making the stoma 
loo small (i.e„ making the stoma in the proximal penile ure¬ 
thra instead of the distal pelvic urethra), or to postoperative 
subcutaneous urine leakage and subsequent granulation tis¬ 
sue formation (see p. 586), Urinary and focal incontinence 
may occur if the nerves are damaged during dissection 
around the pelvic urethra (see Surgical Technique), Perineal 
urethrostomy is associated with a high prevalence of UTI 
pa operatively due to anatomic alterations of the urethral 
meatus, compromised intrinsic defense mechanisms, and 
the underlying uropathy. Indwelling catheters may allow as¬ 
cend ins bacterial infection and/or cause fibrosis and stric¬ 
ture, Although incontinence is rare, many cats have a per¬ 
manent loss of striated urethral sphincter function after this 


two (100 per cent successful) attempts to urinate 


one or 

while males a mean of 6.9 attempts (mean 75.4% successful) 
within 10 minutes. The residual urine per kg body weight ol 
normal dogs varied from 0,1 to 3.4 ml kg 1 (median 0.2 ml 
kg" 1 ). The residual urine volumes of normal dogs were sig¬ 
nificantly less (P-0.0001) than those of dogs with neurolog¬ 
ical disorders or obstructive disease. The authors concluded 


that ultrasonographic estimation of residual urine volumes 
could be valuable in diagnosing suspected neurologic or ob¬ 
structive bladder disease and in monitoring the response to 


treatment, 

Collins RL, Birchard SJ, ChewDJ, Hcuter KJ: Surgical treat¬ 
ment of urate calculi in dalmatians: 38 cases (1980-1995), 
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] Am Vef Med Assoc 213:833, 1998. The purpose of this 
study was to assess clinical signs and response to surgical 
treatment in dalmatians. A retrospective study was per¬ 
formed on 38 dalmatians. Common clinical findings and 
initial complaints included dribbling of urine, stranguria, 
vomiting, tense abdomen with signs of pain, and a large 
bladder. Hematuria was found in 85% of dogs in which uri¬ 
nalysis was performed. Crystalluria was found in 54% of 
dogs. Bacteria were isolated from urine from 36% of dogs. 
Dogs had the fewest number of recurrent clinical signs that 
were attributable to urinary calculi. Clinical recurrence rate 
in dogs on a protein-restricted diet was 27%, compared with 
that (36%) for dogs on a commercial diet. In conclusion, 
urate urolithiasis is more commonly recognized in male dal¬ 
matians compared with females. Contrast radiography and 
ultrasonography appear to be the most useful techniques for 
detecting urate uroliths. Scrotal urethrostomy and cysto¬ 
tomy was the most effective surgical treatment for prevent¬ 
ing recurrence of clinical signs associated with calculi. Com¬ 
plete removal of calculi and protein-restricted diets may 
have a beneficial effect in reduci ng recurrence of calculi. 

Cooley AJ, Waldron DR, Smith MM, Saunders GK, Troy GC, 
Barber DL: The effects of indwelling transurethral 
catheterization and tube cystostomy on urethral anasto¬ 
moses in dogs, / Am Anim Hosp Assoc 35:341,1999. The in¬ 
fluence of urinary diversion procedures on urethral healing 
was studied in 15 male dogs following transection and anas¬ 
tomosis of the intrapelvic portions of their urethras. Dogs 
were randomly assigned to one of three treatment groups and 
had urine diverted from the surgical site by indwelling 
transurethral catheter, cystostomy catheter, or a combination 
of transurethral catheter and cystostomy catheter. There were 
no statistically significant differences in urethral healing 
when considering the different diversion methods, based on 
clinical, radiographic, and urodynamk parameters evaluated. 

Hamaide AJ, Martinez SA, Hauptman J, Walker RD: 
Prospective comparison of four sampling methods (cysto¬ 
centesis, bladder mucosal swab, bladder mucosal biopsy, 

urolith culture) to identify urinary tract infections in 
dogs with urolithiasis, J Am Anim Hasp Assoc 34:423,1998. 
A prospective study was conducted on 27 dogs with recur¬ 
rent urinary tract infections (UTIs) and urolithiasis. Four 
sampling methods (i.e., urine obtained by cystocentesis, 
bladder mucosal swab, bladder mucosal biopsy, and urolith) 
were compared to identify UTI. Identical culture results were 
obtained from urine collected by cystocentesis and from the 
swab of bladder mucosa. In the presence of a positive urine 
culture, the same organism also was cultured from the blad¬ 
der mucosal biopsy and urolith. However, in ihe presence of 
a negative urine culture, an organism was cultured from the 
bladder mucosal biopsy or the urolith in 18.5% of the cases. 
Therefore, in dogs with urolithiasis when the culture from 
urine obtained by cystocentesis is negative, the authors rec¬ 
ommended that aerobic cultures of a bladder mucosal 
biopsy and a urolith be performed. 


Nickel RF, Wiegand U, Van Den Brom WE: Evaluation of a 
transpelvic sling procedure with and without colposus- 
pension for treatment of female dogs with refractory ure¬ 
thral sphincter mechanism incompetence, Vef Surg 27:94, 
1998. The purpose of this study was to evaluate a sling pro¬ 
cedure using a polyester ribbon passed through the obtura¬ 
tor foramen, around the urethra, and fixed outside the pelvis 
for the treatment of female dogs with refractory urethral 
sphincter mechanism incompetence (USMI). The study 
used 26 female dogs with USMI that had not improved with 
medical management. Thirteen dogs (50%), six of these 
without additional colposusponsion, were continent after 

surgery and remained continent during a follow-up period 
ot 12 to 36 months (mean, 19 months). Seven, three of 
which had colposuspension, had improved markedly. Four 
of these dogs became continent with additional medical 
therapy. Five dogs did not improve, and three of these were 
eventually euthanatized. In one dog, the sling was removed 
after 5 days because of persistent stranguria. Surgery and 
medical therapy together resulted in continence in 17 dogs 
(65%) during a follow-up period of 6 to 36 months (mean, 
22 months). The authors concluded that a transpelvic sling 
procedure, with or without additional colposuspension,may 
be useful in the management of dogs with refractory urinary 
incontinence. The procedure is not beneficial if it does not 

pressure dose to, or within, the normal 


t n c reas e 
range. 

Norris CR, Williams BJ, Ling GV, Frantt CE, Johnson DL, 
Ruby AL: Recurrent and persistent urinary tract infections 
in dogs: 383 cases (1969-1995), J Am Anim Hosp Assoc 
36:484, 2000. Laboratory records of bacterial urine cultures 
from 383 dogs with recurrent or persistent urinary tract in¬ 
fections (UT) diagnosed at the University of California 
VMTH between 1969 and 1995 were reviewed retrospectively 
to characterize the bacteria involved and their association 
with age, gender, and breed of dogs affected. Sixty-eight 
breeds and a mixed-breed group were represented. Es¬ 
cherichia coli was the most common isolate, although mixed* 
bacterial infections were seen in 58% of the female and 55% 
of the male dogs. Recurrent and persistent UTI were most 
prevalent in middle-aged to older German shepherd dogs, 
miniature/toy persistent UTI were present in 0,3% of all dogs 
seen at the VMTH during this 26-year period. 


Rocha TA, Mauldin GN, Fatnaik AK, Bergman PJ: Prog¬ 
nostic factors in dogs with urinary bladder carcinoma,/ 
Vet Intern Med 14:486, 2000. The purpose of this study 
was to identify clinical, histologic, and immunohistocheni- 
ical indicators of prognosis. Twenty-five dogs diagnosed 
with unresectable urinary bladder carcinoma and treated 
with chemotherapy were reviewed. Transitional cell carci¬ 
noma was the most common tumor (88%, n=22), fob 
I owed b v u n d i ffe ren t i ated c a rcino m a (8 %, n=2) and sq ua- 
mous cell carcinoma (4%, n— 1). Overall median survival 
was 251 days. Histologic diagnosis and immunohistochem- 
ical characteristics did not correlate with prognosis. Spayed 
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ing cystography does not necessarily require surgical 
management. 

Xie H, Shaffer BS, Wadia Y> Gregory KW: Use of recon¬ 
structed small intestine submueosa for urinar tract re¬ 
placement. ASA/O journal 46:268*200(1 This study used re¬ 
constructed SIS (ReSIS), a photocrosslinked biomaterial, to 
create grafts in various shapes and sizes. Sheets of ReSIS were 
placed in 14 swine to repair bladder defects* and ReSIS tubes 
were placed in six swine to replace a segment of excised 
ureter. Histologic analysis of the bladder repair revealed 
transitional urothelial cells lining the ReSIS by 1 week. After 
2 weeks, fibroblasts and mononuclear cells had infiltrated 
the Re SIS, neovascularization had occurred, and the urothe¬ 
lial lining was more complete* containing multiple cell lay¬ 
ers. After 4 weeks, a definite submucosa was present and the 
ReSIS was starting to degrade. An initial muscular regenera¬ 
tion was demonstrated at 12 weeks. No foreign body reac¬ 
tion, calcification* or sedimentation was noted in any ani¬ 
mal. The ureteral implants showed identical histologic 
changes, without obstruction or leakage of the replaced seg¬ 
ment. The ReSIS allowed rapid urothelial regeneration, in- 
growth of new blood vessels, and the orderly deposition and 
organization of new collagen. The authors concluded that 
the photo crosslinking technique used to create larger sheets 
and tubes of the biomaterial (ReSIS) does not detract from 
the positive attributes of the SIS and should improve its use¬ 
fulness in accomplishing larger bladder augmentations and 
ureter replacements. 


females survived significantly longer than castrated males 

(358 days versus 145 days, P=0.042). Dogs that received ei¬ 
ther doxorubicin or mitoxantrone in addition to a plat¬ 
inum-based chemotherapeutic (either ci splat in or car bo- 
plat in) lived significantly longer than those that received 
only a platinum compound (358 days versus 132 days, 
P=0.042). 

Scrivani PV, Chew DJ, Buffington CA, Kendall M: Results 
of double-contrast cystography in cats with idiopathic cys¬ 
titis: 45 cases (1993-1995)* / Am Vet Med Assoc 212:1907, 
1998.45 cats with clinical signs of non obstructive lower uri¬ 
nary tract disease for which an underlying cause could not 
be determined were studied retrospectively. Fifteen (33%) 
cats had abnormalities evident on cystograms obtained at 
the time of initial examination. Of these* only I had abnor¬ 
malities 6 and 12 months later. Thirty cats did not have ab¬ 
normalities evident on cystograms obtained at the time ol 
initial examination. Abnormalities evident on cystograms 
included focal thickening of the bladder wall (n=l i), diffuse 
thickening of the bladder wall (6), irregularities of the blad¬ 
der mucosa (.10), decreased opacity of the bladder wall (3), 
increased opacity of the bladder mucosa (3), filling defects 
14), contrast medium in unexpected locations (3), and al¬ 
tered ureteral opacity (15). Results suggested that a large 
percentage of cats with idiopathic cystitis do not have cysto- 
graphk abnormalities when initially examined, but that ab¬ 
normalities may be apparent during follow-up evaluations. 
Leakage of contrast medium into the peritoneal space dur- 
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CHAPTER 

Surgery of the 
Reproductive and 

Genital Systems 


GENERAL PRINCIPLES 
AND TECHNIQUES 


tract surgery is to limit reproduction, but it may also be done 
to relieve dystocia, prevent or treat tumors in Hue need by re¬ 
productive hormones (e.g., mammary tumors, testicular tu¬ 
mors, perianal adenomas), help control certain diseases of 
the reproductive tract (e.g., pyometra, metritis, prostatitis, 
prostatic abscessation), and help stabilize systemic disease 

diabetes, epilepsy). Neutering is performed in some an¬ 
imals to prevent or alter behavioral abnormalities and to re¬ 
construct traumatized, diseased, or malformed tissue. 

History and clinical signs of animals needing reproduc¬ 
tive surgery depend on the gender and the disease. Most 
animals presenting for elective reproductive surgery (Le„ 
castration, ovariohysterectomy [GHE]) are healthy. Asymp¬ 
tomatic animals 

dentally on physical examination. Those with genital tract 
infections may be severely ill and have fever toxemia, incon¬ 
tinence, and/or obstruction. Prostatic disease is common in 
male dogs; clinical signs may be nonspecific (i.e., fever, 
malaise, vomiting, dehydration, caudal abdominal pain, 
and/or gait abnormalities). Hematuria caused by reflux of 
blood from the pro static urethra into the bladder and/or 
concurrent urinary tract infection may occur. Urethral dis- 
c h a rge {p repu t ial /u reth ra I drip) is ca u s ed by p as s ive release 
of blood, pus, or prostatic fluid into the prostatic urethra. 
Stranguria occurs when the prostate compresses or obstructs 
the urethra. Urinary incontinence may be caused by pro sta¬ 
tic impingement on the pelvic nerves. Prostatic enlargement 
compressing the rectum results in tenesmus or smaller stool 
diameter. Constipation may occur secondary to obstruction 
or pain during defecation. 

Diagnosis of reproductive tract disease is based on his¬ 
tory, clinical signs, physical examination, diagnostic imaging 
(e.g,, radiographs, ultrasound, computed tomography, mag¬ 
netic resonance imaging, bone scan), endoscopy, cytology 
microbiology, hormonal assay, hematology, serum biochem¬ 
istry profile, urinalysis, and/or other laboratory results. In fe¬ 
males, physical examination should include inspection and 
palpation of the abdomen, vulva, and mammary glands. Ab¬ 
dominal palpation may reveal an enlarged uterus, mass, 
visceral displacement, and/or pain. Abnormal vulvar skin 
folds, conformation, discharge, or enlargement may be noted. 
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BE 


DEFINITIONS 


Neuter, or castration, refers to either ovariohysterectomy 

(surgical removal of the ovaries and uterus) or orchiectomy 
(surgical removal of the testicles). Mastectomy is excision of 
one or more mammary glands or mammary tissue. Epi- 
siotomy is incision of the vulvar orifice to expose the vulva 
and vagina, while episioplasty is reconstruction of the vulva. 
Prostatectomy is removal of all or a portion of the prostate 
gland. Hysterotomy is a surgical incision into the uterus 
(e.g., cesarean section). 


(e. 


with neoplasia may 


a mass 1 


ina- 


PRE OPERATIVE CONCERNS 


Reproductive surgery encompasses a variety of techniques 
designed to alter the animal’s ability to reproduce, aid partu¬ 
rition, and/or treat or prevent disease of the reproductive or¬ 
gans (Table 28-1). The primary indication for reproductive 


TABLE 28-1 


Surgical Procedures of the Reproductive Tract 


* Ovariohysterectomy 

* Castration 

* Cesarean section 

* Cryptorchid castration 

* Mastectomy 

* Scrotal oblation 
» Episiotomy 

* Vasectomy 

* Episioplasty 

* Prostatic drainage 

Drains 

Omentalization 

Marsupialization 

* Prostatectomy 

* Penile amputation 

* Prepuliai reconstruction 

* Biopsy 
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gonadotropin-releasing hormone (25 jag per cat IM) or hu- 
ma n 

to exceed 6.4 nmol/1 in cats with functional ovarian tissue. 
Serum progesterone concentration at parturition has been 
reported as 7.0 to 15.9 nmol/1 and less than 3.18 nmol/1 im¬ 
mediately after parturition. 

Thoracic and abdominal radiographs are needed if re- 
prod uctive tract tumors are suspected. The normal non- 
gravid uterus is rarely identified by plain radiographs or on 
ultrasonography. Radiographically, an enlarged gravid 
uterus can be detected within 31 to 38 days and fetal skeletal 
mineralization by 45 days after the luteinizing hormone 
peak (within a mean of 0.5 days of onset of estrus). If the 
cervix is open or the animal is in estrus> positive contrast 
may be injected to outline the endometrium. The mucosa 
will appear smooth during estrus and scalloped with en¬ 
dometritis. Ovarian masses and follicular changes can be de¬ 
tected in the peri ovulatory period using ultrasonography 
while it is difficult to identify the normal, nongravid uterus. 
Using a fluid - distended urinary bladder as an acoustic win¬ 
dow may reveal fluid-distended horns and a thickened uter¬ 
ine walk Pregnancy and fetal viability can be detected ultra - 
sonographically as early as 20 to 28 days into gestation. 
Ultrasonography can also detect uterine cysts, masses or 
fluid, premature placental separation, and a thickened uter¬ 
ine walk 

Thorough abdominal and rectal palpation is needed to 
evaluate prostatic size, symmetry, texture and mobility, and 
sublumbar lymph node size. Prostatic palpation sometimes 
elicits pain in animals with prostatitis. Abdominal radi¬ 
ographs define prostatic size, shape, and location. Radi¬ 
ographically, the normal prostate is near the cranial brim of 
the pubis and should not displace the colon or bladder. Its 
contour should be smooth and symmetrical. Abnormal 
prostates may be asymmetric, irregular, and/or displace ad¬ 
jacent viscera. Sublumbar lymph nodes, lumbar vertebrae, 
and the bony pelvis should be evaluated for evidence of 
metastases. A positive contrast cystourethrogram helps eval- 
Ue prostatic position in relation to the bladder, urethral 
size, mucosal contour, and prostatic reflux. Ultrasonography 
defines parenchymal homogeneity, contour, disease distri¬ 
bution, and urethral diameter. Cytology and biopsy speci¬ 
mens can he collected with ultrasound guidance. Cytologic 


During estrus and proestrus, the vulva is swollen to two 
or three times its normal size, appears turgid, and has a he¬ 
morrhagic to straw-colored discharge. The swelling and 
turgklity diminish during estrus and diestrus. A vagina! ex¬ 
amination is recommended when vaginal discharge or en¬ 
largement is detected. The vestibule and vagina should be vi¬ 
sualized and digitally palpated. An otoscope or vaginal 
speculum allows visual inspection of the vestibule and cau¬ 
dal vagina; however, an endoscope is needed lor evaluation 
of the cranial vagina and cervix. The vagina must be insuf¬ 
flated with air to distend mucosal folds and allow thorough 
evalnation. Vagin og r aphy may help e va 1 uate vag in a 1 a no m - 
alies, masses, or injuries if vaginoscopy fails to define the 
problem. Positive contrast vaginography using a Foley 
catheter and a water-soluble contrast agent is easily per¬ 
formed. Mammary glands should be inspected tor symme¬ 
try, texture, size, mobility, and discharge. If masses are iden¬ 
tified, cytology of aspirates or discharges may help 
differentiate inflammation from neoplasia. Vaginal, uterine, 
or mammary gland cultures are recommended it infection is 
suspected. Cystometrograms and urethral pressure profiles 
may help assess urinary incontinence. Histologic evaluation 
is necessary to confirm the diagnosis and allow a more accu¬ 
rate prognosis with most conditions. 

Vaginal cytology should he consistent with the bitch's es¬ 
trus cycle. The normal vaginal flora includes numerous aer¬ 
obic and anaerobic bacteria (Table 28-2). Persistent vaginal 
discharge indicates a need for brucellosis testing. Assessment 
of hormone levels is occasionally helpful. In female dogs, 
estradiol levels are <10 pg/ml during late anestrus, 
pg/ml at onset of proestrus, and 50 to 100 pg/ml at late 
proestrus. Progesterone levels are 0.5 to 1.0 ng/ml during 
anestrusand proestrus, 2 to 5 ng/ml at ovulation, peak at 15 
to 90 ng/ml after the luteinizing hormone peaks, and remain 
elevated during gestation. For mean serum concentrations 
of luteinizing hormone (LH) and follicle-stimulating hor¬ 
mone (FHS), see Table 28-3. In queens, behavioral estrus oc¬ 
curs during peak follicular growth, with elevations in plasma 
estradi ol to g rea t er 11 tan 70 p m ol /1 and vag i n a I co rnifica l io n, 
Mean serum progesterone concentration is 14,09 nmol/1 in 
ovulating, 1.24 nmol/I in nonovulating, and 0.75 nmol/l 
in Lwariohysterectomized queens. Serum progesterone 
concentration 2 weeks after ovulation induction with 


chorionic gonadotropin (250 1U per cat IM) is expected 


10 


m 


m\ TABLE 28-2 


TABLE 28-3 


Normal Vaginal Flora 


Serum Hormone Concentrations in Female Dogs (ng/ml) 


* a and (3=he mo lytic Streptococcus 

* Saphyfccocct/5 spp, 

* Proteus spp. 

* Escherichia coli 

* Bacl/ii/s spp. 

* Bocteroi 

* Pas feurel/a sp p. 

* Anaerobic enterococci 

* Mycoplasma 


NEUTERED 


INTACT 


28,7 (- 25 . 8 ) 
1219 ( + 763 ) 


1.2 (±0,9) 
98 ( + 49) 


LH 


spp 

des 


FSH 


spp. 


From Olson PN f Mulinix JA, Nett TM: Concentrations of luteinizing 
hormone and Follicle-stimulating hormone in the serum of sexually in¬ 
tact and neutered dogs ? Am J Vet Res 53762 , 1992. 
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evaluation of prostatic fluid is one of the most informative 
tests. Prostatic fluid is best obtained by ejaculation, but pro¬ 
static washes or fine-needle aspiration are often acceptable. 
Prostatic massage or ejaculation fluid in normal dogs has 
few transitional cells, rare neutrophils, and a varying num¬ 
ber of erythrocytes. Fine-needle aspiration cytology is more 
likely to demonstrate neoplastic cells, increased neutrophils, 
bacteria, and other debris. Urine and prostatic fluid should 
be cultured to detect bacterial infections* A bone scan and 
thoracic radiographs help stage the disease if neoplasia is 
suspected. Evaluating urinary incontinence with a cystomet- 
rogram and urethral pressure profile is sometimes helpful 
The scrotum should be examined for size, symmetry, thick¬ 
ening, masses, sensitivity, and scrotal adhesions. Testicles 
should be palpated for size, consistency, contour, symmetry, 
and sensitivity. Ultrasonography helps evaluate scrotal 
swelling and detects testicular abnormalities including cryp¬ 
torchidism, testicular torsion, and neoplasia. The normal 
testicular architecture is coarse and homogeneous with the 
mediastinum testis represented as a central hyperechoic 
band. The epididymis is anechoic to hypoechoic, relative to 
the testicular parenchyma. The prepuce and penis arc ob¬ 
served for signs of trauma, wounds, masses, irritation, and 
congenital abnormalities. The penis should be 
ext r u d ed t ro m the p rep uce for t h o ro u gh exa m i nation. QcCa¬ 
sio n ally radiographs help evaluate os penis fractures and 
urethral extension of disease. Cytologic evaluation should be 
performed on all accessible masses. A biopsy is necessary to 
definitively diagnose prostatic, testicular, penile, preputial, 
or scrotal masses. 

M easu remen t of serum h o r m o n e co n cen t rat i o ns m ay a i d 
in determining whether a male dog has been neutered or has 
a hormone-producing tumor; however, episodic release of 
gonadotropins makes interpretation of hormone assays dif¬ 
ficult, and reference 

pected serum concentrations of LH and FSH in intact and 
castrated male dogs are provided 

male dogs, serum testosterone concentrations range between 
0.5 and 9.0 ng/ml, while serum estrogen concentrations are 
generally less than 15 pg/mh In toms, testosterone secretion 
is episodic without diurnal rhythm. In normal toms, resting 
serum testosterone concentrations range from nonde¬ 
tec table to 81.5 nmol/1. Testosterone response to administra¬ 
tion of human chorionic gonadotropin (250 IU) peaked at 4 


hours at 10.7 to 27,7 nmol/1, Testosterone response to ad¬ 
ministration of gonadotropin releasing hormone peaked at 
1 hour at 17.3 to 41.6 nmol/1 in cals with functioning testic¬ 
ular tissue. 


ANESTHETIC CONSIDERATIONS 


General anesthesia is recommended for elective surgeries in¬ 
volving the reproductive tract. Careful preoperative screen¬ 
ing of animals undergoing elective surgery is important; 
anesthetic complications in apparently healthy animals may 
arise due to uncorrected hydration or electrolyte or 
add-base abnormalities. Numerous anesthetic protocols 
may be used for elective surgery in healthy animals; sug¬ 
gested anesthetic protocols are provided in Table 28-5. At¬ 
ropine or glycopyrrolate may prevent bradycardia induced 
by visceral manipulation. Opioid premedicants (e.g., butor- 
phanol, oxymorphone, buprenorphine) may also provide 
preoperative and postoperative analgesia. Ketamine provides 
poor visceral analgesia and should not be used alone for sur¬ 
gical procedures. During abdominal surgery, water evapo¬ 
rates from exposed viscera at an increased rate; therefore, 
fluid administration must be increased to replace this loss. 
Body heat loss due to vasodilation and visceral exposure 
causes hypothermia, which reduces the need for anesthesia. 


completely 


TABLE 28-5 


Selected Anesthetic Protocols for Elective Surgery 
in Healthy Animals Older Than 6 Months of Age 


Dogs 

Premedica tion 




Atropine (0.02-0.04 mg/kg SC 


IM) or glycopyrrolate 
(0.005-0.01 1 mg/kg SC, IM) plus acepromozine (0.05 

mg/kg SC or IM; not to exceed 1 mg) ond butor¬ 
phanol* (0.2-0.4 mg/kg SC, IM) 


values vary 


between laboratories. Ex- 


in Table 28-4. In intact 


(n duction 


propofol (2,5-8 mg/kg] ad 


m 


or 


ministered IV to effect 


Mam fen once 

Isoflurane, halothane, or sevoflurane 

Cats 

Premedfco fion 


Atropine (0.020.04 mg/kg SC or IM) or glycopyrrolate 

(0.005-0.01 1 mg/kg SC, IM) plus ketamine [5 mg/kg 
IM) and butorphanol [0.2-0.4 mg/kg SC, IM) 




TABLE 28-4 




Serum Hormone Concentrations in Male Dogs (ng/ml) 


Induction 


27 mg/kg) plus ketamine (5.5 mg/kg) com¬ 
bined ond administered IV to effect or thiopental (10-12 
mg/kg) administered IV to effect or propofol (2.5-8 
mg/kg) IV to effect or mask or chamber induction 


Diazepam (0. 


INTACT 


NEUTERED 


LH 


6.0 (±5.2) 


17.1 (±9.9) 
858 (4 674) 


Main tenance 

Isoflurane, halothane, or sevoflurane 


From Olson PN, Mulimx jA, Nett TM: Concentrations of luteinizing 
hormone and folfide-stimulating hormone in the 


of sexually in¬ 


tact ond neutered dogs, Am J Vet Res 53:762, 1992. 


* Other opioids may be substituted for butorphanol (see text). 
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be used only after the neonates are removed and at minimal 
concentrations. Nitrous oxide crosses the placental barrier, 
but lower levels are found in the fetus than in the mother. 
Nitrous oxide may also promote hypoxemia. Epidural anes¬ 
thesia is safe for the fetus but must be used with other drugs 
and may induce maternal hypovolemia (see above). Before 
making the skin incision, a lidocame line block may be used 
in dogs. Suggested anesthetic protocols for cesarean section 

are provided in Table 28-7, See pp. 623-625 for techniques 
for cesarean section and neonate care. 


Be careful to maintain body temperature during surgery and 
rewarm the patient postopera lively. 

Neutering has traditionally been recommended at 5 to 7 
months of age. Early neutering (he., 6 to 16 weeks ) produces 
good results If precautions are taken to prevent hypo¬ 
glycemia, hypothermia, and hemorrhage. Animals less than 
6 months of age should be premedicated with an anticholin¬ 
ergic. If tranquil izatlon is needed in dogs in addition to anal¬ 
gesia, oxymorphone should be used but acepromazine 
avoided. Butorphanol may be used as a premedicant in 
young cats, but it provides little sedation. Mask or chamber 
inductions are useful in very young animals. Depending on 
ihe animal's tractability, reduced dosages of thiopental or 
propofol, or a combination of diazepam and ketamine, may 
be used for intravenous induction. Isoflurane or sevoflurane 
are preferred for maintenance of anesthesia, 

if there are no contraindications (e.g., sepsis, bleeding 
diatheses, hypovolemia [for epidurals using local anesthet¬ 
ics!!, epidurals may be used in dogs to supplement general 

anesthesia (Table 28-6), Epidural anesthesia alone is rarely 
sufficient for surgery. If general anesthesia is not used, heavy 
sedation (i.e., oxymorphone, diazepam) is needed. Epidural 
doses should be decreased if a spinal has been inadvertently 
performed, the patient is pregnant or obese, or there are 
space-occupying vertebral canal lesions. Opioids can be bet¬ 
ter than local anesthetic drugs in epidurals because opioids 
cause sensory loss without motor block, and they do not 
promote hypotension. Because local anesthetics in epidurals 
may cause hypotension, dehydration should be corrected be¬ 
fore p erfo rrn i ng the proced u re. 

Patients requiring cesarean section are often greater an es¬ 
thetic risks because of hypovolemia, hypoglycemia, hypocal¬ 
cemia, and/or toxemia. A distended uterus may decrease 
tidal volume. Drugs that depress the mother also depress the 
fetus. The rate of placental transfer is directly related to lipid 
solubility and concentration of unionized drug. Anesthetic 
time should be kept to a minimum, and return to con- 
sciousness should be rapid. Ideally, inhalation agents should 


ANTIBIOTICS 


Perioperative antibiotics are not needed for elective OHE or 
castration. Antibiotic choice should be based on culture and 
susceptibility or on expected pathogens in patients with py- 
ometra, metritis, or bacterial prostatitis. Until culture results 
are available, antibiotics used to treat pyometra should be ef¬ 
ficacious against E. coli because this is the most common 
pathogen. Aminoglycosides are nephrotoxic and should be 
avoided due to the prevalence of renal dysfunction with py- 
ometra. I he choice of prophylactic antibiotics for surgery 
involving tumors or trauma depends on the patient's condi¬ 
tion and surgeon s preference (see Chapter 10). 

Antibiotic selection for pro static diseases should be based 
on culture results and expected blood-prostate barrier pen¬ 
etration. Antibiotics should be lipid-soluble (usually non¬ 
ion ized), non protein bound, and have a high pKa (degree of 
drug ionization; high pKa = more basic). Those with a high 
degree of lipid solubility are best at crossing the blood - 
prostate barrier. Antibiotics whth a high pKa concentrate in 
the prostate are less ionized at physiologic conditions. Pro- 
static infections produce acidic prostatic fluid that helps trap 
antibiotics in the fluid. Basic antibiotics that concentrate in 
the prostate include erythromycin, clindamycin, carbeni- 
cillin, and trimethoprim { fable 28-8). Enrofloxacin also 
achieves high prostatic fluid concentrations and is effective 
against some resistant gram - negative urogenital pathogens. 
Tet racy cl i nes (e. g., doxycyd ine) are a Is o useful. 


TABLE 28-6 


I pidural Anesthesia in Dogs 


DURATION OF ACTION 


ONSET OF ACTION 


0O5E 


DRUG 


1 to 1.5 hr 


] ml/3.4 kg (T,) 

1 ml/4.5 kg (T ir Li)T 

I ml/4,5 kg 

0.001 mg/kg 

0.1 mg/kg 

0,1 mg/kgt 
0.005 mg/kg 


1 0 min 


jdocaine 2%* 


4.5 to 6 hr 


20 to 30 min 


Bucivacoine 0.25% or 
0.5%* [preservative free) 
fentonyl 
Oxy morph one 

Morphine [preservative free) 
Buprenorphine 


6 hr 


4 to 10 min 

15 min? 

23 min 

30 min? 


10 hr 




20 hr 


12 to 18 hr 


1 Avoid head-down position after epidural. 

IA block to T| leads to intercostal nerve 
|The dose for epidural morphine in cats is 0.03 mg/kg 


paralysis; a block to C r C 5 leads to phrenic nerve paralysis. 
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TABLE 28-8 


TABLE 28-7 


Antibiotics for Treatment of Reproductive Disorders 


Selected Anesthetic Protocols for Cesarean Section 


Cefoxolin (Ancef, Kefzol) 

20 mg/kg IV, IM, tfd 

Cefoxitin (Mefoxin) 

15-30 mg/kg 

Amoxicillin plus Clavulonote (Clavamax) 

Dogs: 12.5-25 mg/kg PO, bid 
Cats: 62.5 mg/cat PO, bid 

Ampicillm 

22 mg/kg IV, IM, or SC, lid to qid 

Trimethoprim-Sulfadiazine (Tribrissen) 

Dogs: 15 mg/kg IM or PO, bid 

Cats: 15 mg/kg PO, bid 


General Principles 


1. Place an IV catheter 
2 Immediately begin volume replacement with IV crystal 

' bids (10-20 ml/kg) 

3, Preoxygenate before induction 


Dags 

Pre medication 

Glycopyrrolate [0.005-0. 011 mg/kg SC, IM) 

Induction 

Oxymorphone (0.1 mg/kg IV) or bulorphanol (0.2-0.4 

g/kg IV) plus diazepam (0.2 mg/kg IV) and etomi- 
dafe (0.5-1.5 ma/kg IV) or propofol (4-6 mg/kg IV). Al¬ 
ternatively, small doses of thiopental may be used. 

Maintenance 

Isoflurane or sevoflurane 


m 


Erythromycin 


10-20 mg/kg PO, bid to fid 


Clindamycin {Antirobe) 


Prem edicatio n 


1 1 mg/kg PO, bid 


Glycopyrrolate (0.005-0.01 1 mg/kg SC, IM] and butor- 

phanol (0.2-0.4 mg/kg SC, IM) 


Doxycycline (Vibramycin) 


5 mg/kg PO, bid 


Induction 

Diazepam (0.2 mg/kg IV] Followed by etomidate (0.5-1.5 
mg/kg IV) or propofol (4b mg/kg IV]. Alternately, a 
combination of diazepam (0.27 mg/kg) plus ketamine 
(5.5 mg/kg) may be administered IV to effect or re¬ 
duced dosages of thiopental or propofol may be used. 

Morntencmce 

Isoflurane or sevoflurane 


Enrofloxacin (Baytril) 

g/kg PO or IV, bid 

Carbenicillin (Geoallin) 

(For urinary tract infections) 10 mg/kg PO, tid 


5- 


m 


path within the pedicle. Ovarian arteries originate from 

aorta. The left ovarian vein drains into the left renal vein; the 

suspensory 


SURGICAL ANATOMY 


right vein drains into the caudal vena cava 
ligament is a tough, whitish hand of tissue that diverges as it 

travels from the ovary to attach to the last two ribs. The 
broad ligament (mesomet r i urn) is the peritoneal fold that 
suspends the uterus. I he round ligament travels in the free 
edge of the broad ligament Irom the ovary through the in¬ 
guinal canal with the vaginal process. The uterus has a short 

' veins 


Female Reproductive Tract 

The female reproductive tract includes the ovaries 
uterus, vagina, vulva, and mammary glands. The ovaries are 

thin-walled peritoneal sac; the ovarian 

e of each kidney. The 


oviduct. 


J o ca t ed within 


a 


Inst caudal to the pel 


bursa is located 


ov id uc t cour s e s t h ro ugh th e wa j l o f t h e o va r 


ute r in e 


cranially than the left 


ian bursa. The right ovary lies further 
The right ovary lies dorsal to the descending duodenum 

r lies dorsal to the descending colon and lateral 


body and long narrow horns. The uterine arteries 

supply blood to the uterus. The cervix 

dal part of the uterus and is 

. It is oriented in a nearly vertical position with 

opening dorsally. T he vagina is long and con- 

the vagina 1 vestibule at the urethral entrance. The 

clitoris is broad> flat, v 
the floor of the vestibule near the vulva. I he clitoral fossa is 

a depression on the floor of the vestibule that is sometimes 

mistaken for the urethral orifice, lhe vulva is the external 

opening of the genital tract, The vulvar lips are thick and 

form a pointed commissure. The constrictor vulvae and 


is the constricted cau- 




the 


ova ry 

to the spleen. Medial retraction of the mesoduodenum or 
mesocolon exposes the ovary on each side. Each ovary is at¬ 
tached by the proper ligament to the uterine horn and 
the suspensory ligament to the transversalis fascia medial to 

the last one or two ribs. The ovarian pedicle (mesovarium) 

its artery and vein, 


thicker than the uterine 


nects with 


aseular, infiltrated with fat, and lies on 


includes the suspensory ligament with 
ovarian artery and vein, and variable amounts ol lat and 
connective tissue. Canine ovarian pedicles contain more 
than feline ovarian pedicles, making it more difficult to vi¬ 
sualize the vasculature. The ovarian vessels take a tortuous 
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Sacral nerve 


Internal 

pudendal artery 


Pelvic nerve 


Hypogastric nerve 


Pudendal nerve 




Urogenital artery 


t 


% 






S3 


m 


C\ 


Umbilical artery 


Urethral artery 


Pudendal nerve 
(urethral branch) 


FIG. 28*1 

Innervation to the prostate and bladder. 


sphincter. The iliac lymph nodes drain the prostate. In cats, 
bulbourethral glands are found caudal to the prostate at the 

ischial arch. 


constrictor vestibule muscles encircle the vulva and 
vestibule. See p. 635 for a description of the anatomy of the 

mammary glands. 


NOTE * Scotties generally have larger prostates 
than other similarly sized breeds. 


NOTE • If the broad ligament contains an exces¬ 
sive amount of fat, you may need to ligate the ves¬ 
sels in if 


The pents has a root, body, and glans. The root of the pe¬ 
nis is formed by the right and left crura, which originate tram 
the ischiatic tuberosity. Each crus is composed of corpus cav- 
ernosum penis surrounded by tunica albuginea. The two cor¬ 
pora extend side by side, separated by a median septum, 
along the length of the penile body to the os penis in the glans 
penis. The distal end of the penis or glans penis is covered by 
the prepuce, a mucosal-lined fold of integument. The distal 
end of the dogs penis is directed eran tally and located ventral 
to the abdominal wall. The distal end of the cat's penis is di¬ 
rected caudal and ventral in the perineum. The glans of the 
feline penis is covered with caudally directed comified spines, 
which are more prominent in intact males and regress within 
6 weeks of castration. The feline os penis is very small, 
whereas in dogs it is a long, grooved, rough bone. The urethra 
travels through the ventral groove in the os penis and penis. 
The corpus spongiosum surrounds the urethra. The ischio- 
cave r n os u s m uscle a r ises fro m t he i sch i a I ie t ub e ros ity and in¬ 
serts on the crus. The retractor penis muscles originate from 
the ventral surface of the sacrum or the first two caudal ver¬ 
tebrae and extend distally on the ventral surface of the penis 
to insert at the level of the glans. The retractor and external 
anal sphincter muscles share muscle fibers. The bulbospon- 
giosus muscle bulges between the ischioeavernosus muscles 
ventral to the external anal sphincter. 


Male Reproductive Tract 

The major components of the male genital tract are the tes- 
tides, penis, and prostate. The prostate gland completely 
surrounds the neck of the bladder and beginning of the ure¬ 
thra In dogs less than 4 years of age, the prostate is usually 
located in the pelvic cavity at the brim of the pubis. The 
prostate begins to enlarge at puberty, becoming intraab- 
dominal in location. It varies greatly in size at maturity, The 
prostate is encapsulated by hbromuscular tissue and is bilo- 
bate with a prominent middorsal sulcus. The dorsal sulcus 
continues into the prostatic parenchyma as the median sep¬ 
tum. The ventrolateral surfaces of the prostate are covered by 
a fat pad. The parenchyma is tabulated with tubuloalveolar 
glands that empty through small ducts (12 to 20) into the 
prostatic urethra. The ductus deferens enter the craniodorsal 
surface of the prostate and course caudo vent rally to enter 
the urethra at the colliculus seminal is. The blood and nerve 
supply i pelvic and hypogastric nerves) are located in the lat¬ 
eral pedicles (peritoneal reflection) entering the prostate at 
the 10 o'clock and 2 o'clock positions when viewed in a 
transverse plane. The prostatic arteries originate from the 
'Urogenital artery (branch of internal iliac artery) and supply 
branches to the ductus deferens, urethra, urinary bladder, 
ureters, and rectum. The hypogastric (sympathetic) and 
pelvic (parasympathetic) nerves follow the vasculature and 
are essential for micturition and continence (Fig. 28-1). The 
pudendal nerve sends branches along the ventral surface of 
the urethra extending to the bladder neck. The pudendal 
nerve innervates the skeletal muscle of the external urethral 


NOTE * Surgery of the penis is often associated 
with significant hemorrhage because of the vascular 
nature of the cavernosus tissue. 
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The scrotum is located between the inguinal region and 
anus, (n dogs, scrotal skin is thin and sparsely haired. The fe¬ 
line scrotum is more dorsal and densely haired than the ea- 
nine scrotum. The scrotum is a membranous pouch with a 
midline septum that houses the testes, epididymis, and dis¬ 
tal spermatic cords. The testis, epididymis, ductus deferens, 
and associated vessels and nerves are covered by visceral and 
parietal vaginal tunic and spermatic fascia. The testes are rel¬ 
atively small and ovoid. The epididymis is large, convoluted, 
and attached to the lateral side of the testis. The head of the 
epididymis communicates with the testis, and the caudal ex¬ 
tremity or tail is continuous with the ductus deferens. The 

tail is attached to the testis by the proper ligament of the 
testis. The ligament of the tail of the epididymis attaches the 
epididymis to the vaginal tunic and the spermatic fascia. The 
ductus deferens loops around the ureter as it travels from the 
inguinal ring, enters the dorsal prostate, and terminates in 
the prostatic urethra. The ureter is dorsal to the ductus def¬ 
erens. The spermatic cord begins at the inguinal ring where 
the testicular artery, testicular veins (pampiniform plexus), 
lymphatics, testicular autonomic nerve plexus, ductus defer¬ 
ens and its artery and vein, smooth muscle, and visceral layer 
ol the vaginal tunic come together. The cremaster muscle 
travels along the external surface of the parietal tunic. The 
cremaster is a thin, flat extension of the internal abdominal 
oblique muscle. 


in young animals. Early neutering delays growth plate clo¬ 
sure by an average of 8 to 9 weeks, resulting in increased 
bone length in male and female dogs and cats (SaInteri et al, 
1991; Root et al, 1995). Infantile vulva and mammary glands 
or penis, prepuce, and os penis persist following early neu¬ 
tering, Early neutering affects weight gain, daily food con¬ 
sumption, and activity level to the same degree as neutering 
after puberty* 

Ovariohysterectomy 

The most common reason to perform OHE is to prevent e$- 
trus and unwanted offspring. Other reasons include preven¬ 
tion of mammary tumors or congenital anomalies, preven¬ 
tion and treatment of pyometra, metritis, neoplasia ;i.e. f 
ovarian, uterine, or vaginal), cysts, trauma, uterine torsion, 
uterine prolapse, subinvolution of placental sites, vaginal 
prolapse, vaginal hyperplasia, and control of some en¬ 
docrine abnormalities (i.e., diabetes, epilepsy) and der¬ 
matoses (e.g., generalized demodex). Many technical varia¬ 
tions of OHE have been described, including flank and 
laparoscopic approaches and the use of stapling equipment 
or transfixation ligatures (see Fig, 9-11, p, 58)—only one 
technique is described here. 


NOTE • In dogs, make the incision immediately 
caudal to the umbilicus to facilitate ligation of the 
ovarian pedicles. Make the incision more caudal in 
cats to facilitate ligation of the uterine body. 


NOTE * You may be able to palpate the epi¬ 
didymis in dogs with epididymitis. 


Clip and surgically prepare the ventral abdomen from the 
xiphoid to the pubis. Identify the umbilicus and visually di¬ 
vide the caudal abdomen into thirds. In dogs, moke the inci¬ 
sion just caudal to the umbilicus in the cranial third of the 
caudal abdomen, More caudal incisions make it difficult to 
exteriorize canine ovaries. In deep-chested dogs or those 
with an 

dally to allow exteriorization of th 
traction. In prepubertal puppies, making the incision in tfie 
middle third of the caudal abdomen facilitates uterine body 
ligation, in cats, the body of the uterus is more caudal and 
difficult to exteriorize; therefore , make the incision in the 
middle third of the caudal abdomen. Make a 4- to 8-cm jn* 
as ion through skin and subcutaneous tissues to expose the 
tinea alba. Grasp the linea alba 

it outward, and make a stab incision into the abdominal cav¬ 
ity. Extend the linea incision cranial and caudal to the stab 
with Mayo sci 
ing the linea 

Slide the ovariectomy hook (e g., Covaulf Snook) f with the 
hook against the abdominal walk 2 to 3 cm caudal to the 
kidney (Fig. 28- 2 f A). Turn th e /too k media lly to ensnare the 
uterine horn\, broad ligament\ or round ligament and gently 
elevate it from the abdomen. Anatomically confirm the /den- 
ti h cation of th e u ten ne horn by folio wing i t to ei th er the liter 
t ne b ifu rca tion or ovary, tf the u teri n e horn can no t be located 
with the hook , retroflex the bladder through the incision and 
locate the uterine body and horns between the colon and 


SURGICAL TECHNIQUES 


Before elective surgeries, food should be withheld from 
adults for 12 to 18 hours and from pediatric patients for 4 to 
8 hours. The ventral abdomen should be clipped and asepti- 
cally prepared for all procedures that may require a ce¬ 
liotomy. The urinary bladder should be expressed if the pa¬ 
tient has not voided immediately before induction. In dogs, 
the prescrotal area should be clipped and prepared for asep¬ 
tic surgery; however, trauma to the scrotum (i,e„ with dip¬ 
pers, antiseptic soaps, or solutions) should he avoided. Ca¬ 
nine scrotal skin is sensitive and swells with minimal trauma 
or irritation. In cats, hair can be plucked or pulled from the 
scrotum. The prepuce or vestibule should be flushed with di¬ 
lute antiseptic solutions before procedures involving these 
areas. For some procedures that involve the perineum, 
prostate, or penis, placement of a urethral catheter helps 
identify the urethra. 


et ila rged u terus / ex ten d the inc is ion cron ially or con¬ 
tract without excessive 


ventral rectus sheath, tent 


or 


scissors. Elevate the left abdominal wall by grasp- 
or external rectus sheath with thumb forceps. 


NOTE • Many techniques are used for ovariohys¬ 
terectomy [castration); however, the goals are the 
same 


to remove the ovaries, in addition to the uter¬ 
ine horns and body (testes), with secure ligature 
placement. 


Pediatric tissues are more fragile than adult tissues and 
must he handled gently. 3-0 to 5-0 ligatures should he used 
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Place a "figure 8 " ligature proximal to (below) the ovarian 

pedicle clamps (Fig, 28-2 , E), Choose on absorbable 
suture material for ligatures (i.e., 2-0 or 3-0 chromic 
catgut, polydioxanone, polyglyconate, poliglecaprone 25 f 
or polyglactin 910). Begin by directing the blunt end of the 
needle through the middle of the pedicle, loop the suture 

around one side of the pedicle, then redirect the needle 
through the original hole from the same direction and loop 
the ligature around the other half of the pedicle. Securely 

tie the ligature. Remove one clamp or 
clamp while tightening the ligature to allow pedicle com¬ 
pression , Place a second circumferential ligature proximal 
to (below) the first to control hemorrhage that may occur 

from puncturing a vessel as the needle is passed through 
the pedicle , 


bladder. With caudal and media/ traction 


the uterine 




horn, identify the suspensory ligament by palpation 
tout fibrous band at the proximal edge of the ovarian pedi- 
de IFig. 28-2 , Bj. Stretch or break the suspensory ligament 
near tfie kidney, without tearing the ovarian vessels, to allow 
exteriorization of the ovary To achieve this, use the index 
finger to apply caudoloteral traction on the suspensory tiga- 

maintaining coudomedial traction on the uterine 




men I while 


horn (Fig, 28-2, Q, 

Mme a We in the broad ligament caudal to the ovarian 

pedicle. Place one or two Roches ter-Co rmalt forceps across 
fbe ovarian pedicle proximal (deep) to the ovary and one 
across the proper ligament of the ovary (Fig r 28-2, DJ, 


flash 


// 


// 


B 


a sin 


e 


The proximal (deep) damp serves as a groove for the lig¬ 
ature, the middle damp holds the pedicle for ligation, and the 
distal damp prevents backflow of blood after transection. 
When using two clamps, the ovarian pedicle damp serves 
both to hold the pedicle and to make a groove for the ligature. 




Some surgeons prefer to place the circumferential ligature 
before the transfixing ligature to eliminate hemorrhage if a 
vessel is punctured during transfixation. 
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FIG. 28-2 

A, For ovariohysterectomy elevate the abdominal wall with thumb forceps and slide rhe 
ovariectomy hook against the abdominal wall, 2 to 3 cm caudal fa the kidney. B, Exterior¬ 
ize the uterine horn with the hook and identify the suspensory ligament at the cranial edge 
of the ovarian pedicle. C, Stretch or tear the suspensory ligament to allow exteriorization of 
the ovary using the index finger to apply caudoloteral traction on the suspensory ligament 
while maintaining coudomedial traction on the uterine horn. D, Place two Carmalt forceps 
across the ovarian pedicle proximal to the ovary and one across the 
place three forceps proximal to the ovary). Remove the most proximal clamp and place a 
hqure-8 liqature at this site. 


i 


or 


con tin u ed 






































r 


618 PA RT III Soft Tissue Surgery 


Place a fig u re 8 suture th ro ug b th e body u s ing the pain t of 
the needle and encircling the uterine vessels on each side- 

Place a circumferential ligature nearer the cervix (Fig. 
28^2, H J . Plac e a Ca rma 11 a eras s the u te fine b ody cron ial 
to the ligatures , Grasp the uterine wall with forceps or 
mosquito hemostots cranial to the ligatures. Transect the 
uterine body and observe for hemorrhage. Religate if 
hemorrhage is observed. 


Place a mosquito fiemosfof on me suspensory ligament near 
the ovary (Fig. 28-2 , Ffi Transect the ovarian pedicle be¬ 
tween the Carnalt and ovary Open the ovarian bursa and 
examine the ovary to be certain that it has been removed in 
its entirety, Remove the Carmalt from the ovarian pedicle 
and observe for hemorrhage. Replace the Carmalt and reli 
gate the pedicle if hemorrhage is noted . 

Trace the uterine horn to the uterine body Grasp the 

other uterine horn and follow it to the opposite ovary. 
Place clomps and ligatures as just described „ Make a win¬ 
dow in the broad ligament adjacent to the uterine body 
and uterine artery and vein. Place a Carmalt across the 
broad ligament on each side and transect (Fig, 28-2, G). 
Apply a ligature around the broad ligament if the patient 
is in estrus , pregnant , or the broad ligament is heavily in¬ 
filtrated with vessels or fat. Apply cranial traction on the 
uterus and ligate the uterine body cranial to the cervix. 


Some surgeons place one to three Carmalts across the 

rather 


i gat ion. In cats, clamps may cut 


uterine body before 1 
than crush a friable or engorged uterus and cause transec¬ 


tion before ligature placement. 




Replace the uterine stump into the abdomen before releasing 
the hemostots or forceps. Close the abdominal wall in three 
layers (fasda/linea alba, subcutaneous tissue, and skin). 
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FIG* 28-2, tonf'd 

E, Direct the blunt end of the needle through the middle of the pedicle (/ to 2), loop the 
suture oround one side of the pedicle (3 to 4), then redirect the needle through the original 
hole from the some direction (5 to 6), and loop the ligature around the other half of the 
pedicle [7 to 3). Securely tie the ligature (I and 8), F, Place a circumferential ligature 
proximal to the first ligature, then place a hemostat on the suspensory ligament near the 
ovary. Transect the ovarian pedicle distal to the clamp across 
G, Separate the broad ligament from the uterine horn. Clamp and ligate the broad 
ligament [dashed line) if it appears vascular. H, To ligate the uterus, place 
through the uterine body near the cervix. Place a second circumferential ligature closer 
the cervix, place a Carmalt forceps distal to the ligatures, and transect between the 
Carmalt forceps and ligatures. Inspect the uterine stump for hemorrhage (use a mosquito 
hemostat attached to the uterine wall to prevent retraction of the uterus into the abdomen]. 
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Orchiectomy 

Castration reduces overpopulation by inhibiting male fertil¬ 
ity and decreases male aggressiveness, roaming, and undesir¬ 
able urination behavior. It helps prevent androgen-related 
diseases, including prostatic diseases, perianal adenomas, 
and perineal hernias. Other indications for castration in- 
dude congenital abnormalities, testicular or epididymal 
abnormalities, scrotal neoplasia, trauma or abscesses, 
mgui nab scrotal herniorrhaphy, scrotal urethrostomy, 
epilepsy control, and control of endocrine abnormalities. 

Canine castration. Either a prescrotal or perineal ap¬ 
proach may be used lor castration. A prescrotal approach is 
most common and more easily performed. The testicles are 
more difficult to exteriorize with a perineal approach, but 
this may be selected to avoid repositioning and a septic ally 
preparing a second surgical site when the patient is in a per 
ineal position for another surgical procedure (e.g., perineal 
hernia repair). Scrotal incision(s) are sometimes used when 
castrating prepubertal puppies. 

Open, prescrotal castration * Position the pattern ; 
dorsal recumbency. Verify the presence of both testicles i 


the scrotum , Clip and aseptically prepare the caudal ab¬ 
domen and medial thighs. Avoid irritating the scrotum with 
clipp ers or antiseptics, Drape the surgical area to exclude 
the scrotum from the field. Apply pressure on the scrotum to 
advance one testicle 




far as possible into the prescrotal 
area. Incise shin and subcutaneous tissues along the median 
raphe over the displaced testicle (Fig. 28 3, A) t Continue the 
incision through spermatic fascia to exteriorize the testicle. 


as 


Incise the parietal vagina! tunic 


the testicle (Fig* 28-3 , 


over 

B j. Do not incis e th e tun ica alb ug i n ea beca us e th is wo old 
pose the testicular parenchyma. Place a hemostot acres s the 
vaginal tunic where it attaches to th 
separate the ligament of the tail of the epididymis from the 
tunic while applying traction with the hemostat on the tunic 
(Fig. 28-3, C), Further exteriorize the testicle by applying 
caudal and outward traction. Identify the structures of the 
spermatic cord . Individually ligate the vascular cord and 
ductus deferens, then place an encircling ligature around 
both. Many surgeons ligate the ductus deferens and 
pampiniform plexus together. Use 2-0 or 3 0 absorbable su¬ 
ture (e.g*, chromic catgut , polygloctin 910 f polydioxanone 
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FIG, 28-3 


A, To perform an open canine castration, advance one testicle into the prescrotal 
area by applying pressure over the scrotum. Make an incision over the testicle, 

8, Incise tne spermatic fascia and parietal 

across the tunic where it attaches to the epididymis and digitally separate the 
ligament of the tail of the epididymis from the tunic, D, Ligate the ductus defe 
one vascular cord individually and then encircle both with 
circumferential ligature. Apply 
between the damp and ligatures. 


ina tunic. C, Place a hemostat 
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620 PART HI Soft Tissue Surgery 


careful not to excise too much skin , Control hemorrhage wilfi 
electrocoagulation, ligation, or pressure. Incise the vaginal 
tunics and remove the testicles as described for open castra¬ 
tion , Remove rfie scrotum after incising its median septum. 
Appose subcutaneous tissues with a simple continuous suture 
pattern (e.g ., 3-0 absorbab/e suture). Appose skin edges 
with approximating interrupted sutures (e.g,, 3-0 or 4-Q 
nonabsorbable suture). 

Feline castration. Pluck hair from the scrotum rather 
than clipping (Fig. 28-4, A). In kittens less than 16 to 20 
weeks of age, plucking scrotal hair may be difficult. Use dip¬ 
pers to gently remove scrotal hair in these animals. 


poliglecaprone 25, or polyglyconate) for ligatures. Alterna¬ 
tively ; use hemostatic staples. Place a hemostat 
cord near the testicle. Grasp the ductus deferens with thumb 
forceps above the ligature and transect both the ductus def- 

and vascular cord between the hemostat and ligatures 

(Fig. 28-3, DJ. Inspect the cord for hemorrhage and replace 
the cord within the tunic . Encircle the cremaster muscle and 
tunic with a ligature. Advance the second testic/e into the in¬ 
cision f incise the fascial covering, and remove the testicle as 
described. Appose the incised dense fascia on either side of 
the penis with interrupted or continuous sutures . C/ose sub- 
cutaneous tissues with a continuous pattern. Appose skin 
with an infradermal, subcuticular, or simple interrupted 

ture pattern. 


the 


acres s 


ere ns 


su- 


Position the cat in dorsal or lateral recumbency with the 

hindlegs pulled cranially. Mobilize 
applying pressure with the thumb and index finger at the base 
of the scrotum . Make a 1-cm incision over each testicle at the 
end of the scrotum from cranial to caudal (Fig. 28-4, b). Incise 
the parietal vaginal tunic over the testicle. Digitally separate 
the attachment of the ligament of the tail of the epididymis to 
the vaginal tunic (rig. 28-4 , C/. Double ligate the spermatic 
cord with absorbable suture (e.g., 3-0 chromic catgut) or he- 
modips or remove the ductus deferens from the testicle and tie 
it with the vessels (see below). Alternatively, use a figure-8 
knot (see below). Transect the cord, inspect for bleeding , and 
replace if within the funic , Excise the second testicle in a simi¬ 
tar fashion. Resed any tags of tissue protruding from the 
turn. Allow the scrotal incision to heal by second intention. 

To ligate the ductus deferens with the vessels, separate f/ie 

ductus deferens from the testicle. Using the remainder of the 

frond 


testicle in the scrotum by 


NOTE • Although the risk of ligature slippage and 
loosening may be slightly greater with closed than 
with open techniques, removal of the tunics may re* 
duce postoperative swelling. 


Closed 7 ' castration is 


Closed, pres era tal castration. 

performed similarly to the “open” technique just described 
except that the parietal vaginal tunics are not incised. 


Maximally exteriorize the spermatic cord by reflecting fat 
and fascia from the parietal tunic with a gauze sponge . 
Place traction on the testicle while the fibrous attachments 
between the spermatic cord tunic and scrotum are torn. 
Place mass ligatures (e g., 2-0 or 3-0 absorbable) around 
the entire spermatic cord and tunics . Pass the needle through 
the cremaster museta if a transfixation ligature is desired . 
Hemostatic staples may also be used , 

Perineal castration* Perineal castration is performed 
using the same techniques as for an open, prescrotal castra¬ 
tion. It is more difficult to displace the testicles into a caudal 
incision than into a prescrotal incision. An "open” technique 

must be used. 


scro- 


spermaiic cord (testicular vessels and testicle) 

d the ductus deferens as the other: tie two to three square 
knots (five to six throws) (Fig, 28-4, D), Sever the vessels witfi 

attached testicle and ductus deferens distal to the knot, Im 


as one s 


an 


sped for hemorrhage. 


For an overhand or figure-8 knot, the spermatic cord is 
tied on itself with the aid of a curved mosquito hemostat 


Place the hemostat on tap of the cord (Fig. 28-5 , A). Wrap 
the distal (testicle) end of the cord over the hemostat once 

(Fig, 28-5, BJ. Direct the wrapped hemostaf venfra/ to the 
cord while holding the testicle in the apposite hand (Fig, 
28-5, C ), Open the tips of the hemostat and grasp the distal 
end of the cord (Fig. 28-5, Dj. Transect the spermatic cord 

ered en d of the cord. 


midline skin and subcutaneous tissue incision dorsal 

the perineum ventral to the anus. Advance 


Make 


to the scrotum in 

testicle to the incision and incise the spermatic fascia 


one 

and tunic. Exteriorize the testicle and ligate the spermatic 
cord as described for an open, prescrotal castration. 


the testicle and manipulate the sev 


Scrotal ablation. Scrotal ablation is necessary tor neo¬ 
plastic scrotal diseases and for castration performed in con¬ 
junction with scrotal urethrostomy in dogs and perineal ure¬ 
throstomy in cats. Other indications include severe scrotal 
trauma, abscesses, or ischemia. Scrotal ablation may improve 
the postcastration appearance of dogs if they have a pendu¬ 
lous scrotum. Surgical time is somewhat longer when scrotal 

ablation is performed. 

Elevate the scrotum and testicles from the body wall. Make 
elliptical skin incision at the base of the scrotum, being 


near 

through the loops around the hemostat (fig, 28-5, EJ. Snug 
the knot, resect excess cord, inspect for bleeding, and replace 
the cord within the tunic before releasing (Fig.. 28-5, F). J 


Cryptorchid Castration 

Cryptorchidism is a congenital failure of the testide(s) to de¬ 
scend into the scrotum. Testes normally are pulled into the 

scrotum soon after birth by fibrosis and contraction of the 
gubernaculum. There is little hope of further testicular de¬ 
scent after 2 months of age. One or both testicles may he in 
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FIG, 2S-4 

A, For feline castration, pluck hair from the scrotum and aseptically prepare the scrotum for 
surgery, B, Make cranial to caudal skin incisions over each testicle, C, Incise and separate 
the parietal tunic from the testicle, then transect the ductus deferens near the testicle. D f Tie 
two to three square knots with the ductus deferens and the spermatic vessels. 


iUi abnormal position, although unilateral cryptorchidism is 
most common. Testicular agenesis (failure of testis develop 
ntem jone, monorchism; two, anarchism]) is rare. Cryp 
(orchid testes are frequently small, soft, and proportionally 
isshapen. They may be in the inguinal area or abdominal 
cavity. Bilateral castration is recommended for crypto rch id 
animals because the condition is believed to be a 5 ex -1 i nked 
autosomal recessive trail in dogs. Retained canine testes are 
predisposed to neoplasia (seminomas and Sertoli cell tu¬ 
mors). if the testicle is in the inguinal region, it can often be 


palpated between the inguinal ring and scrotum once the 
animal is anesthetized; however, large inguinal fat pads may 
obscure testes in this area. 


Advance unilateral, mobile inguinal testicles to the prescro 
tal incision and remove , Remove non mobile testicles by 
making an incision over the inguinal ring . Dissect through 
subcutaneous fat and mobilize and remove the testicle. Sub - 
mit the testicles for histologic examination to verify removal 
of testicular tissue and to rule out neoplasia . 
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FIG. 2S-5 

An overhand technique may be used For feline castration, A, Place o curved hemostot on 
top of the cord and wrap the spermatic cord over it. Direct the hemostafs tip dorsally 
(B! and then venlrally (C) around the cord opposite the testicle. D, Next, grasp the cord 

the testicle. E, Transect the testicle and pull the end of the cord through the wrap. 








near 




F, Digitally snug the knot. 






Nonpalpable testes must be located via exploratory 
pa rot only. 


NOTE • Cryptorchad castration may also be per¬ 
formed laparoscopically. 








Make a ventral midline incision from the umbilicus to the pu- 

paramedian incision adjacent to the prepuce . Find 
the testicle(s) by retroflex! ng the bladder , locating the ductus 
deferens dorsal to the neck of the bladder, and following th 
ductus deferens to the testicle, if the ductus deferens travels 
into the inguinal ring and the testicle cannot be manipulated 

inguinal incision . Avuhe the 

Double ligate the tes 

and ductus deferens separately. Tron- 

laspect for hemorrhage and 


+ 


or a 


Vasectomy 

Vasectomy inhibits male fertility while maintaining male he 
havioral patterns. Androgens continue to be produced be 

not significantly altered. The tech 




e 








cause Leydig’s cells arc 

nique is rarely recommended because roaming* aggression 
and urine marking persist while reduction oi hormonally as¬ 
sociated diseases does not occur. Spermatozoa persist in ca¬ 
nine ejaculates for 3 weeks and feline ejaculates for 1 weeks 
after vasectomy. In dogs, the time to azoospermia 




into the abdomen , perform an 
ligament of the tail of the epididymis . 


i 


1 


vein 

remove the testicle. 


sect 

close the abdomen in three layers 


is short- 
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FIG. 28-6 

A, For vasectomy, incise skin over the spermatic cord between the inguinal ring and 

B, Incise the vaginal tunic and isolate the ductus deferens. C, Ligate the ductus 






s c rot u m, 

deferens and remove a small segment. 








electrolyte abnormalities that should be corrected before 
surgery. Although usually a postpartum problem, prepartum 
eclampsia causes hypocalcemia. Prophylactic antibiotics 
(e.g,, cefazolin, 20 mg/kg intravenously) should be given if 
fetal death or uterine infection is suspected. Anesthetize 
these animals carefully (see p. (St3); fetal depression and de 

creased 
maternal depression. 

Ovariohysterectomy can be safely performed in conjunc¬ 
tion with a cesarean section if the patient receives adequate 
fluid therapy. I he cesarean section may be performed as de¬ 
scribed and followed by OHE, or an en bloc resection can be 
performed (Robbins and Mullens, 1994). En bloc ovariohys 
terectomy is performed before hysterotomy (uterine inci¬ 
sion) and removal of the neonates. Neonatal survival with en 
bloc resection is similar to that for other techniques tor 
managing dystocia. Changes in blood pressure and hemat¬ 
ocrit are minimal following en bloc ovariohysterectomy and 
mothering and lactation are normal following OHE. En bloc 
removal of the gravid uterus may be elective or necessary 
due to fetal death or questionable uterine integrity or health. 
Advantages of en bloc ovariohysterectomy of the gravid 
uterus include minimal anesthetic time, minimal potential 
for abdominal contamination, and population control with 
out a second surgery The disadvantage of this technique is 
that a second team is required to resuscitate the neonates. 

Cesarean without ovariohysterectomy. 
perform a preliminary abdominal prep before anesthetic 


cried by flushing the ductus deferens at the time ol vasec- 
\o my, Vasectomi zed males should be evaluated after the pro- 
cedure to document azoospermic ejaculates before contact 
with intact bitches. This technique should he discouraged as 
a means of population control. 


Atofce o f- to 2-cm incision over the spermatic cord between 

m scrotum and inguinal ring (Fig. 28-6, A), locate the sper 

motk 


directly proportional to the degree of 


are 


\nol tunic , and isolate the ductus 


e vagi 

deferens by blunt dissection (Fig. 28-6, BJ, Double ligate the 
d'ycfus deferens and resect a 0.5-cm section of ductus be¬ 
tween ligatures (Fig. 28-6, C)< Repeat the procedure on the 
contralateral spermatic cord . Appose subcutaneous tissues 

Kid sic m . 


, mase 






Cesarean Section 

Ihe goal of cesarean section (hysterotomy) is to remove all 
fetuses from the gravid uterus as quickly as possible. The pri¬ 
mary indications for cesarean section are dystocia (he., over¬ 
sized, malpositioned, or maldeveloped fetuses; small pelvic 
canal size; uterine inertia) or fetal putrefaction. Elective ce¬ 
sareans are often scheduled for brachycephalic breeds and 
other animals with a history of dystocia or those with pelvic 
fracture malunion. Llective cesareans are most commonly 
performed on bulldogs, Labrador retrievers* mastiffs, golden 
retrievers, and Yorkshire terriers (Moon et al, 1998). Ce¬ 
sarean sections are more common in small dogs and brachy 
cephalic breeds. Animals with dystocia often have fluid and 
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Uterine contraction usually begins when the fetuses 


time from induction to delivery, Pre 


are 


induction to minimize 
oxygenate the bitch or queen if possible before induction. 

using a general or regional protocol 

and minimizes 


■ 


Anesthetize the animal 
that is appropriate for the bitch or queen 
neonatal depression (see the discussion 
p . 613), Position the patient in dorsal recumbency. Apply a 
final aseptic scrub to the ventral abdomen . Make a ventral 

from just cranial to the umbilicus to near the 

a stab 


Administer oxytocin orergonovme maleate (table 28 9) if 
contraction has not occurred. Give oxytocin and compress 

the uterine 

Lavage the external uterus to remove debris, Close the uter¬ 
ine incision with 3 0 or 4-0 absorbable sutures using on op- 

single layer simple continuous pattern, 


on anesthesia 


walls if endometrial hemorrhage is severe. 


r 


incision 

pubis. Elevate the external rectus sheath before making 
incision through the tinea alba to ovoid inadvertent laceration 

Exteriorize the gravid uterine horns by carefully 
lifting rather than pulling them out of the abdomen (Fig. 28w) 

vessels ore easily avufsed and the uterine 


positional pattern in a 

double layer oppositional closure (mucosa and sub mucosa 

oppositional do- 


a 


followed by muscularh and serosa} 

followed by a second /oyer inverting pattern (Cushing 

Lembert). Lavage the surgical site and replace contami¬ 
nated towels, sponges , instruments, and gloves. Inspect for 
uterine vessel avulsion and control hemorrhage. Lavage the 

abdomen if contamination or spillage o 
occurred. Cover the uterine incision with omentum. Appose 

the abdominal wall in three layers (rectus fascia f subcutu- 

i n trader mol s k m 


or an 


u terus 


t 


sure 


beco use u te t in e 
wall readily tears. Isolate the uterus from the remainder of the 

laparotomy pads. Tent and 

the uterine body to avoid lacerating the neonate. 


or 


i 


[fh steede towels or 


abdomen wi 
then incise 

Extend the incision with Metzenboum scissors. 


f uterine contents has 




tissue, and skin). Use subcuticular or 


should be long enough to prevent tearing 


neous 

closure to eliminate suture ends that may irritate neonates. 
Lavage oil antiseptics , blood, and debris from the ventral ob 

c/omen and mammae. u 


The incision 
during extraction of the fetus. 




Empty each horn by gently squeezing (milking) 
each fetus to move it toward the incision,, then grasping and 
tlv pulling it from the uterus (Fig. 28-8). Rupture the curi¬ 
as each neonate is 


crania 






gen 
niotic sac 


and clamp the umbilical cord 
presented Avoid contaminating the abdomen and surgical 

field with amniotic fluids. Aseptically pass each neonate to 

tal care}. At term the pla¬ 
centa is often expelled with the neonate; however, if the p/a- 

parated, gently pull it from the endomefrt um. 

Do not forcibly separate the placenta from the uterine wall 

hemorrhage may occur. Palpate the pelvic canal 

and remove any fetus from this location 


assistant (see below for neona 




an 


not se 


or severe 


9 


























r 








■ i 








r 
























- ^ 


1 






\ 








% 












FIG. 28-8 

Gently "milk" puppies toward the uterine incision by 
squeezing cranial to them. 
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Drugs That Initiate Uterine Contraction 




















Oxytocin 

Dogs: 1-5 units !M or IV 

Cots: 0.5 units IM or IV (can be repeated but do not ex¬ 
ceed 3 units totol dose] 
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Ergonovme Moleate 




FIG. 28-7 

Gravid horns should be carefully exteriorized from the 
abdomen to avoid tearing the uterine wall or vessels.. 




0.02-0,1 mg/kg IM 
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En bloc resection. Perform en bloc ovariohysterectomy 

of the gravid uterus by first exteriorizing and isolating the 

ovarian pedicles and separating the broad ligament from 

the uterus to the point of the cervix. Manipulate fetuses 

vagina or cervix into the uterine body Then double or triple 

damp the ovarian pedicles and uterus just cranial to the 
cervix. Quickly transect betw 


Episiotomy 


An episiotomy is an incision of the vulvar orifice to allow ac¬ 


cess to the vestibule and 


vagina, ft is indicated to surgically 
explore the vagina, excise vaginal masses, repair lacerations, 

modify congenital detects or strictures, expose the urethral 


in the 


papilla, and facilitate manual fetal extraction. 


clamps and remove the 
ovaries and uterus , Give the uterus to o team of assistants to 


With the animal 


o perineal position , place a noncrushing 
clamp (i.e. f DoyenJ with one shaft in the vagina on each side 

of the perineal midline (Fig, 28-9 , A). Make 


in 


open and resuscitate the neonates. 


midline skin 


The time from clamping the uterus to 


removal of the 


i nasi on through the dorsal commissure of the vulvar lips to 
just distal of the external anal sphincter muscle with 
blade. Continue the incision 


neonates should be 30 to 60 seconds. 


a scalpel 

through the muscle and vaginal 
scissors (see Fig. 28-9, A}. Control hemor- 
: th hemostats , electrocoagulati 


Double ligate 


ovarian and uterine pedicles. Inspect for h 
orrhoge and close the abdom 


all with Mayo 


em- 


w 


rh ag e 


en. 


ion, and ligatures, 
three horizontal mattress stay sutures full- 
fhickness through the skin arid vagina I mucosa on each side 
of the incision to facilitate retraction and hemostasis. Then 


wt 


Place two 


or 


Neonatal care. Gently suction the 
sopbarynx 


no res and 


no- 


firmly cradle the neonate and gently swing 
downward to help clear fluid from the upper airways. Briskly 
rub end dry each neonate to stimulate the respiratory drive, 
if necessary, antagonize opioids (place a drop of naloxone 
under the tongue) and give doxapram (place a drop under 

the tongue) to stimulate respiration. 


or 


Doyen clamps and position 


s el f- re to in ing 

tractor (eg., Gelpi) to improve exposure, if necessary Evah 

vote the vagina and vestibule and perform any needed pro¬ 
cedures. Close the 


remove 


re 


episiotomy incision in three layers . 

interrupted suture to realign and reappose the 
dorsal vulvar commissure. First 

P 


Preplace 


an 


reoppose the vaginal 

with simple interrupted or continuous sutures (e.g,, 3-0 
or 4-0 polydioxanone 


mu- 


Stimulation of point GV (acupuncture point 


, governing 


coscr 


point) 26 may stimulate respiration. 


polyglyconafe), tying the knots 

the lumen (Fig, 28-9, B }. Then, reappose muscles and sub- 


or 


in 


Use a 25-gauge, %-inch long hypodermic needle and pi 
It 2 to 4 mm deep at the midline of the most dorsal aspect of 
the area between the upper lip and nose. Ligate, transect t 
end disinfect the umbilical cord. Inspect each neonate for 

developmental anomalies (i.e., cleft palate, 
/imS deformity, hernia, imperforate anus}. Place neonates in 


cutaneous tissues in a continuous pattern (Fig. 28-9 , Cj. 

Lastly, reappose skin with interrupted oppositional 
(o.g., 3-0 or 4 0 nylon 

bethan collar, bucket 


ace 


sutures 


polypropylene}. Place 


Eliza 


or sidebars after 


surgery to prevent 

self-trauma. To reduce inflammation and edema f apply cold 

compresses immediately after surgery and 
the following day 


congen i fal 


or 


warm compresses 


a warm environment (32X, 90° Fj until their mother is able 


to care for them , Allow nursing as soon os possible to ensure 
colostrum intake . Closely observe the mother and her be¬ 
havior toward the neonates during the first few hours; some 
mothers will reject or kill their neonates. Dis 


Episioplasfy 


Episioplasty (vulvoplasty) is a 


reeo n st r uc t i ve p ro c ed u re 


charge the bitch 

queen and neonates from the hospital as soon as possible 
to reduce stress and exposure to potential pathog 


most commonly performed to excise excess skin folds 


or 


around the vulva, which 


cause perivulvar dermatitis. Skin 


fold pyoderma should be treated medically before surgical 


ens. 


recon st r u c t ion. 


Mastectomy 


Mastectomy or removal of the 


With the patient i 


usually 


mammary £ 


a perineal position, assess the amount of 
skin to be excised by elevating the skin fold and evaluating 

expected tension (Fig. 28-10, A), Beginning near the ventral 
vulvar commissure, make 


t -n 


m 


performed to remove tumors. One gland (simple 


mastec¬ 


tomy), several glands (regional mastectomy), or an entire 
chain (complete unilateral mastectomy) may be excised and 


crescent-shaped incision encir¬ 
cling the vulva at the proposed lateral and dorsal borders of 
the resection. Make 


the defect closed. Simultaneous removal of both 


mammary 


chains (complete bilateral 


mastectomy) causes significant 


second crescent-shaped 

dial and parallel to the first to outline the ellipse of skin 
removed (Fig. 28-10, Bj, Excise the outlined segment of skin 
and excess subcutaneous tissue (Fig. 28-10, Cj. Place inter¬ 
rupted sutures at the 3 o'clock, 9 o'clock, and 12 o'clock 


me- 


sutiire line tension and is 


not recommended. Staged proce¬ 
dures are advised to facilitate defect closure and reduce 


to 


pa¬ 


tient discomfort when bilateral mastectomy is needed. Ovar¬ 


iohysterectomy during the 


same anesthesia is performed 
before mastectomy to prevent seeding the abdomen with 


positions to assess the effectiveness of the resection (Fig. 
28-10, D). Resect more skin along the outer margin if the 
vulva is still recessed or skin folds persist Bring the skin edg 
into approximation by first apposing the subcutaneous tissues 


tu¬ 


mor cells. It the tumor crosses the midline, however, it 


be excised first—clean instruments and gloves should be 

used for the OHE. The technique for mastectomy 
scribed on p. 635. 


es 


is de- 


using interrupted sutures with buried knots (e.g., 3-0 or 4 0 
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FIG. 28-9 




A, For episiotomy, place noncrushEng forceps on each side of the proposed incision site. 
Make a full-thickness incision from the dorsal vulvar commissure to near the externa! anal 
sphincter muscle. Explore the vagina and vestibule. B Appose vaginal mucosa with a 
simple continuous suture pattern. C, Appose muscle, subcutis, and connective tissue with 
a second layer of sutures and skin with a third layer of oppositional sutures 


fa 


paiydioxonone, poliglecaprone 25 , or polygtyco note). Place 


through the scrotal skin or by wedge resection, Ultrasound- 


sutures at the (2 o'clock, 3 o 'clock, and 9 o'clock po- 


the 


guided precutaneous biopsy is warranted when a nonpalpa- 


sitions to symmetrically align the edges , Appose skin edges 


ble mass is identified deep within the parenchyma. A wedge 


with simple interrupted sutures (e g., 3-0 or 4-0 nylon, poly - 


of tissue is collected by making a prescrotal incision and 


batesfer, or polypropylene; Fig. 28-10, Ef 


then incising the spermatic fascia and tunics. Large blood 


vessels should be avoided to minimize hemorrhage. 


Place an Elizabethan collar or bucket over the head to 


Make a 1-cm incision through the tunica albuginea of one 


prevent licking and chewing at the surgical site. Continue 


No. 11 scalpeI 


testicle with 


sterile f thin 


blade 


antibiotics if necessary to control the pyoderma. 


a 


razor 


or 


blade . Excise a wedge of testicular parenchyma with the ro- 


Testicular Biopsy 


blade. Appose the tunica albuginea with 4-0 to 6-0 oh- 




zor 


sorbable suture (i 


polydioxanone, poliglecaprone 25, 


Testicular biopsy may be performed in valuable breeding an- 


1 


. e . 


or 




* 


polyglyconate}. Appose skin edges with intradermal (subar 


imals to help determine the etiology of infertility or reduced 


ficular) or s impie interrupted sutures. 


fertility. Biopsies are obtained using a biopsy needle directed 
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PIG* 28-10 

A, Episioplasty is performed after assessing the amount of skin to be excised. B, Make two 

parallel 1 crescent-shaped incisions encircling the vulva and excise the outlined segment of 

skin and underlying subcutaneous tissues (C). D, Appose skin edges by placing the initial 

sutures at the 1 2 o clock, 3 o clock, and 9 o'clock positions. E, Appose remaining skin 
with simple interrupted sutures. 




Better preservation of architectural detail is obtained by 

in Bouins, Zenker s, or Stieve's fixative 


needle, or Franklin-Silverman biopsy needles* They may be 
goided by palpation (blind) or 

phy. The latter is preferred because it facilitates guiding the 
needle to abnormal areas* Biopsy should not be performed if 
abscesses or cysts are suspected. 

Ultrasound guided biopsy* 

or lateral rec 


placing the sample 
rather than formalin. 


ith the aid of ultrasonogra- 


j 


Prostatic Biopsy 

Prostatic biopsy is needed to definitively diagnose some pro- 
si title diseases* Percutaneous techniques are preferred be¬ 
cause they are less invasive, less expensive, and have reduced 
m o r bid i l y However, o p e ra t ive tec h n i qu es al 1 ow co 1 ] ee t to n o f 
larger samples from more specific sites. The prostatic 
(hra must not be damaged and specimens should be submit¬ 
ted for both histologic and microbiologic evaluation. Percu¬ 
taneous biopsies are performed using Tru-Cut, Biopty 




umbency and ultrasonographicolly evah 
note the prostate. Asepticaliy prepare the abdominal wall i 

the biopsy needle will be inserted, Nick the skin 

(3- to 5-mm incision j with a 

serf ion site, identify the desired biopsy site with ultrasound 
and visualize needle placement into the prostate. Collect M 

sfes with a Biopty needle/instrument. Observe 


m 


m area 


scalpel blade at the needle 


ure- 


tn- 


■o 
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So ft Tissu e Su rgery 


Prostatectomy 

Total prostatectomy, Total prostatectomy can be used 
for patients with tumors that have not metastasized; it is 
rarely performed for severe trauma or chronic prostatic dis¬ 
ease that has been non responsive to other treatments. The 
procedure is infrequently performed because urinary incon 
tinence commonly results. 


the prostate for hemorrhage or fluid leakage with ultra ■ 

sound. 


Palpation guided biopsy* 

ineal position with the tail fixed over 
prepare the perineum around the anus , Mobilize and reposi¬ 
tion the prostate in a more caudal position by having an as¬ 
sistant apply gentle pressure on the caudal abdomen , Make 

__ ick incision (3 to 5 mm) slightly lateral to the midline , mid¬ 
way between the anus and ischial tuberosity. Confirm the lo¬ 
cation of the prostate by rectal examination. Insert the needle 
through the soft tissues ventral to the rectum . Guide the nee 
die to the prostate digitally via recta! palpation. Penetrate the 
psule at the caudal margin of the prostate with the needle 
in the closed position , then fully insert the inner cannula into 
the prosfntlc parenchyma Quickly advance the outer cannula 
aver the stationary inner cannula, or fire the trigger when 

automatic instrument f to cut the specimen. Remove the 


the b ack A septica lly 






Expose the prostate through a caudal ventral midline ce¬ 
liotomy and pubic osteotomy (see p. 579). Place a urethral 
catheter. Retract the urinary bladder era ni ally with stay $u 
teres. Dissect the lateral pedicles and periprostatic fat di¬ 
rectly from the capsule without damaging the dorsal plexus 
of ve s se/s a nd n er ves f Fig. 28- 1 1 , A ) r Con trol hem os tosh by 
ligation and electrocoagulation. Ligate and divide the pro- 
static vessels and ductus deferens as close to the prostate as 
possible. Dissect the prostate from the urinary bladder and 
extra pelvic urethra. Transect the urethra on both ends as 
close to the prostate as 

trigone and neck of the bladder. Remove the prostate, 

the urethral catheter into the urinary bladder. Ap- 

th simple interrupted sutures 


a m 








« 


ca 






fn g an 

needle from the prostate in the closed position. Evaluate the 
specimen size and collect additional samples , if necessary : 


possible (Fig. 28- J /, Bj. Avoid the 


vance 

proximate the urethral ends 
using 4-0 to 6-0 synthetic absorbable suture (i.e 
anone, polyglyconate, poliglecaprone 25) on a taper point 
swaged-on needle , Place the first two sutures oi the 12 
o'clock and 6 o'clock positions, having the ends long to aid 
rotation of the urethra during suturing (Fig. 28-11, CJ. Place 
the dorsal suture first. Space sutures approximately 2 mm 
apart and 1,5 to 2.0 mm from the edge . Place o cystostemy 
tube (see p, 576) or transurethral Foley catheter to divert 

for 5 to 7 days , Biopsy an iliac or sublumbar lymph 
node to evaluate for metastasis. Repl 
s tr umen ts and g loves . La vage the s urg tea /site an d a bdomen. 
Place omentum around the anastomosis. Wire the pubic 


Open biopsy* 

pi oratory laparotomy with a biopsy needle or wedge exet 

Via a caudal m id line abdominal incision, retract 




* / 


sion. 
u no a ry 

prostate from the remainder of the abdomen with sterile la 
parotomy pads, Palpate the prostate and select a biopsy site. 
Dissect periprostatic fat from the desired site. Excise a wedge 
f prasfafic tissue using a No. I J scalpel blade. Appose 

edges of the defect by placing cruciate or simple continuous 
absorbable sutures (e.g , 3-0 or 4-0 polydioxanone, poligle 
caprone 25 1 or polyglyconate) in the prosfotic capsule. 
Lavage the surgical $ite(sj and replace periprostatic fat 
Close the abdomen in three layers , 


bladder era ni ally using stay sutures. I solate the 
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A, To perform total prostatectomy, 
separate the fat, fascia, vessels, and 
nerves from the prostate by dissecting 
directly against the capsule, B, Then 
dissect the cranial ana caudal edges 
of the prostate from the urethra and 
transect the urethra as close to the 
prostate as possible. C, Stent the 
urethra with a catheter and appose 
the ends with approximating sutures. 


i 


VXI 




■. 


/ 


If b 




v 


ilium/? 

lU ■ 


V 




■■ 


VI 














M 


I 


I 


. ISO!!' . IN 




» B 


I 


L- 






I 


1 


'b 


II 


fl'l 






O 




li.i 


i 


in 


I 


li r 


I r i 










a 




- 






I. 


















































































































Chapter 28 


Surgery of the Reproductive and Genital Systems 


629 


mertf into place. Perform a three-layer abdominal wall clo¬ 
sure. Place an Elizabethan cot lor, bucket or sidebars after 
surgery to prevent displacement of the catheter and surgical 
site trauma . 


Intracapsular subtotal prostatectomy, 

ventral median septum with an electroscalpel, Continue the 
incision through the parenchyma into the ventral urethra. Us¬ 
ing the electroscalpei resect all parenchyma except a 2- to 

3-mm 


shell attached to the capsule [Fig. 28-12, Bj. tfeseef all 
the urethra except a 3- to 5-mm dorsal strip. Lavage the pro- 
static shell and close the capsule over a urethral catheter po¬ 
sitioned in the urinary bladder Use an approximating pat¬ 
tern for the first layer and an inverting pattern tor the second 
layer of closure (e.g. 3-0 or 4-0 polydioxanone, poligle- 
caprone 25, or polyglycon ate}. Maintain the catheter for 10 
days. Alternatively use an ultrasonic surgical aspirator 
laser to remove parenchyma and preserve fh 


Subtotal prostatectomy. Subtotal prostatectomy is in¬ 
dicated in valuable breeding dogs for benign prostatic hy¬ 
per p ] asia in lieu o f cast r at io n and i n st a bl e d ogs w ith a b sees - 
sation or cysts io lieu of drainage procedures. A urinary 
catheter should be placed to aid urethral identification. The 
prostate is approached and exposed as for total prostatec¬ 
tomy (see above). Alternatively, laparoscopic, transrectal, or 
t ran su reth ral app roach e s m ay be used .Submit excised tiss ue 
for histologic evaluation. 

Subtotal prostatectomy with capsulectomy . 

fate and ligate or cauterize oil vessels as they enter the pro-' 
5 to tic capsule when celiotomy is performed. Temporary oc¬ 
clusion of the aorta just cranial to its bifurcation into the 
externa! iliac arteries is sometimes recommended. Excise th 
prodate within 5 mm of the urethra using scissors, an 
tromgica! unit; and an ultrasonic aspirator 
28- ] 2 t AJ. Place o cystostomy tube if the urethral catheter is 
to he removed (see p. 574}, Assess hemostasis and lavage 
me surgical site. Surround the prastatic urethra with omen¬ 
tum or prostatic fat\ Close the abdomen routinely. 


or 


reth ra 


e u 


HEALING OF THE REPRODUCTIVE 
AND GENITAL SYSTEMS 


tso- 


Reproductive organs heal like other visceral tissues. Incisions 
into testicular parenchyma may cause an immunologic re¬ 
sponse and subsequent sperm granuloma. Scarring of the 
uterus may inhibit placentation. To decrease uterine adhe¬ 
sions, omentum can be placed over incisions. Failure of 
postpartum uterine involution may be caused by excessive 
collagen breakdown due to uterine collagenase activity. Op¬ 
timal healing requires a good blood supply, accurate 
cosal apposition, and minimal surgical trauma. Systemic 
factors (i.e., hypovolemia, shock, hypoproteinemia, debilita¬ 
tion, infection) may delay healing and increase the risk of 
dehiscence. 


e 


laser (Fig. 


or 


I 


Capsulectomy 

technique 




SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


t 


i 


Instruments needed for reproductive surgery include an 
ovariohysterectomy hook (i.e., Covault, Snook), retractors 
(i.e., Balfour (abdominal procedures], Gel pi, or We blander 
[perineal procedures], Finochietto (pelvic procedures], vagi¬ 
nal speculum or otoscope [vaginal procedures]), scissors 
(i.e., Metzenbaum, Mayo), forceps (i.e., Doyen, Carmalt, 
curved mosquito), biopsy instruments (Bard Biopty-cut 
Biopsy Needle with a Bard Biopsy Instrument), and drains. 
Orthopedic instruments are needed if a pelvic osteotomy is 
performed. An electrosurgical unit, ultrasonic aspirator, and 
laser unit are sometimes beneficial. 

Monofilament absorbable and nonabsorbable sutures are 
recommended for most reproductive tract procedures (i.e., 
2-0 to 6-0 poiydioxanone, polyglyconate, poliglecaprone 25, 
polybutester, polypropylene, or nylon) (Table 28-10). Chromic 


Hi 




i TABLE 28-10 


! 


Suture Recommendations for Reproductive Suture 


Select □ monofilament, synthetic, absorbable suture for 
visceral closure (i.e., poiydioxanone, polyglyconate, 
poliglecaprone 25) 

Select an absorbable suture for ligatures (i.e., chromic 
catgut, poiydioxanone, polyglyconate, polyglactin 910, 
poliglecaprone 25) 


Intracapsular 


technique 


m. 28-12 

Subtotal prostatectomy may be performed using 
capsulectomy (A) or intracapsular techniques (B), 
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TABLE 28-1 2 


TABLE 28-11 


Commoti Hrrors in Re p ro ductive Surgery 


Stool Softeners 


* Failure to support septic or debilitated patients with flu¬ 
ids, antibiotics, and/or nutrition 

* Failure to completely resect tumors 

* Failure to obtain a histologic diagnosis 

prevent self-mutilation of the surgical site 


Dioctyl Sodium Sulfosuccinate or Docusate Sodium 

{Colace} 

Dogs: 50 to 200 mg PO, bid to tid 
Cats: 50 mg PO, sid to bid 

Lactulose {Chronulac) 

Dogs: 1 ml/4.5 kg PO, tid to effect 

Cats: 5 ml/cat PO, tid 


Psyllium (Metamucil) 

Dorp: 2-10 g PO, sid to bid or 1 tsp per 10 kg; twice 


wall when ligatures are improperly placed; it rarely occurs 
from vessels that accompany the suspensory ligament or 
those within the broad ligament. Excessive hemorrhage may 
occur when OHE is performed during estrus, Ureter liga¬ 
tion or trauma may result from ligation of a dropped or 
hemorrhaging ovarian pedicle if exposure of the caudal re¬ 
nal pole is inadequate. The ureter may also be ligated when 
the urinary bladder is distended and the trigone and 

u re ter o v 


ily in food 


Cats: 1-4 g PO, sid to bid or 1 tsp per 10 kg; twice daily 

in food 


displaced cranially. Hy- 


junction are 

m 

dronephrosis, necessitating ureteronephrectomy, results 
unless the offending ligature is promptly removed. Signs of 
estrus may recur if some ovarian tissue remains in the ab¬ 
dominal cavity. If this occurs, abdominal exploration dur¬ 
ing estrus may help identify the ovarian tissue. Fistulous 
tracts and granulomas may form when nonabsorbable mul- 
tifilament suture material is used for ligations. These fistu- 
lae are usually located in the flank but may also occur along 

or inguinal region. They intermittently 
discharge blood-tinged fluid or pus. A reduction in dis¬ 
charge may occur after antibiotic therapy; however, the dis¬ 
charge recurs when antibiotic therapy is discontinued, 
These fistuiae will not resolve until the suture material is re¬ 


catgut (2-0 to 0) or polyglactin-910 (Vicryl) is preferred by 
some for ligatures. Stapling equipment (transverse, ligate 
and divide, and skin staplers) are sometimes used. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Animals undergoing reproductive tract surgery should be 
monitored post operatively for pain, hemorrhage, and infec¬ 
tion. The incision site should be assessed twice daily for red¬ 
ness, swelling, or discharge. Activity should be limited to 
leash walks until sutures are removed (generally 10 to 14 
days). Water is usual!y offered 8 to ! 2 hours after surgery, 
unless vomiting occurs. If the animal does not vomit, food 
can be given 12 to 24 hours postoperatively. Analgesics 
should he given as necessary to alleviate discomfort (see 
Table 28-25, p. 644). Nonelective procedures are 
formed on sick animals with fluid, electrolyte, and 
abnormalities; these abnormalities need monitoring and 
continued treatment in the postoperative period. Therapeu¬ 
tic antibiotics should be continued in patients with preoper¬ 
ative infections. Surgical sites should be protected by using 
an Elizabethan collar, bucket, sidebars, or bandage to prevent 
self-trauma. Stool softeners may be administered after pro¬ 
static or perineal surgery to minimize discomfort during 
defecation (Table 28-11), After perineal surgery, warm com¬ 
presses should be applied to the surgical site two to three 
ti m es d a ily 


the medial thigh 


moved. Caution must be exercised during dissection be¬ 
cause there may be adhesions to the vena cava and other vi¬ 
tal structures. 


often per- 


Urinary incontinence is uncommon after OHE (11% to 
20%) but may occur soon after surgery or in geriatric 
bitches. Causes of urinary incontinence include low estro¬ 
gen levels, uterine stump adhesions or granulomas to the 
urinary bladder, and vaginoureteral fistula (see p, 600). Al¬ 
though some owners believe that OHE causes obesity, 
properly fed and exercised neutered animals should not 
gain excessive weight. Juvenile behavior and external geni¬ 
talia may persist in animals that are neutered at a very 
young age (6 to 12 weeks). Complications associated with 
hypothermia, hypoglycemia, blood loss, and tissue han¬ 
dling occur more commonly with prepubertal 
possible complications of OHE include self-trauma, inci¬ 
sional swelling, seroma, infection, delayed healing, dehis¬ 
cence, trauma to intestines or spleen, cervical pyometra, 
endocrine alopecia, colonic obstruction, behavioral 
change, and eunuchoid syndrome (having the characteris- 

castrated male; secondary sex characteristics do 


acid-base 


OHE, Other 


COMPLICATIONS 


Most complications associated with reproductive surgery 
can be avoided L>y using good surgical technique (i.e., gen¬ 
tle tissue handling, good hemostasis, and aseptic technique) 
(Table 28-12). OHE is difficult in larger dogs and is associ- 

more complications. Hemorrhage primarily oc¬ 
curs from the ovarian pedicles, uterine vessels, or uterine 


tics of a 


not develop). 
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fn I TABLE 28-14 


TABLE 28-1 3 


Treatment of Urinary Incontinence 


Potential Complications after Reproductive Surgery 


Phenylpropanolamine 

Dogs: 1.5-2,0 mg/kg PO, bid to tid 
Cats: 1,5 mg/kg PO r tid 


Episiotomy 

• Pain, swelling, inflammation, hemorrhage, infection, de¬ 
hiscence, self-trauma 

Episioplasty 

• inflammation, swelling, infection, dehiscence, recurrent 

peri vulvar dermatitis 

Testicular Biopsy 

• Hemorrhage, infection, local hyperthermia, scarring, 
adhesions, immune-mediaied orchitis, testicular atrophy, 
reduced sperm count (temporary) 

Prostatie Biopsy 

■ Hemorrhage, hematuria, urine leakage, infection, tumor 
transplantation 


Ephedrine 

Dogs: 4 mg/kg 

Cats: 2-4 mg/kg PO, bid to tid 

DiethylstilbestTol (DES> 

Dogs: 0.1 to 1.0 mg daily PO for 3-5 days, then same 

dose once weekly 


1 2.5-50 mg/dog PO, bid to tid 


or 


Imipramlne (Tofranil) 

2-4 mg/kg, PO, sid to bid 


nary incontinence is expected (more than 85%) in dogs at¬ 
tar prostatectomy, unless the prostate is of normal size and 
dissection does not traumatize trigonal innervation or vas¬ 
cularity. Incontinence due to diminished urethral sphincter 
tone may be treated with a-adrenergic agonists (i.e-, phenyl¬ 
propanolamine, imipramine, or ephedrine) that increase 
urethral sphincter tone or diethylstilbestrol (DE5) (Table 
28-14), Phenylpropanolamine is used more frequently than 
ephedrine because it has fewer side effects (he., hyperex¬ 
citability, panting, and/or anorexia) and greater efficacy over 

time (see also p. 601). 


Serious complications following properly performed cas- 

but may include incisional problems {Le„ 


trations are rare 

swelling, seroma formation, cellulitis, infection, self-trauma, 
dehiscence), hemorrhage, scrotal hematoma, scrotal bruis¬ 
ing abscess, granuloma, urinary 
alopecia, behavioral changes, and eunuchoid syndrome. 
Trauma to the penis and urethra may occur during dissec¬ 
tion, especially with scrotal ablation. Although unlikely, an 
unwanted pregnancy may occur if a recently castrated male 
copulates with a female in estrus because spermatozoa per¬ 
sist in the ductus deferens for as long as 21 days in dogs and 
49 days in cats. Inadverent prostatectomy has occurred dur¬ 
ing crypto rchi dec to my (Schultz et al, 1996% 

Complications of cesarean section, with or without OHE, 
include hemorrhage, hypovolemia, hypothermia, hypocal¬ 
cemia, anorexia, anemia, agalactia, metritis, and vomiting. 
Severe hemorrhage may necessitate OHL. Calcium levels 
should be monitored it eclampsia is suspected. Eclampsia 

anytime during the first postpartum month. An 


incontinence, endocrine 




SPECIAL AGE CONSIDERATIONS 


obtained 


The greatest benefit from elective neutering is 
when the animal is less than 1 year of age. Undesirable be¬ 
haviors are usually not learned by this age, and some tumors 
(e.g., mammary adenocarcinoma) can be inhibited. Pedi¬ 
atric tissues are more tragile than adult tissues and must be 
handled gently. Long bone growth increases slightly follow¬ 
ing prepubertal gonadectomy. Tumors, pyometra, and pio- 
static infections are more common in geriatric patients. 


may occur 

odorless, dark red-brown to serous uterine discharge or 
lochia is expected for 4 to 6 weeks postpartum. Incisional 

complications such as 
trauma, and dehiscence may occur. Uterine scarring may 

prevent future placentation, and adhesions may 
with uterine motility. Although rare, complications can 
after mastectomy (see p. 637), episiotomy, episioplasty, 
testicular biopsy, and prostatic biopsy (Table 28-13 ), Dehis¬ 
cence after episioplasty may occur if skin resection results in 
excessive suture line tension. Perivulvar dermatitis will per¬ 
sist or recur if an inadequate amount of skin is excised. 

Early postoperative complications of prostatectomy may 
include hemorrhage, urine leakage, infection, and urethral 
catheter displacement; later complications may 
hiscence, urethral stricture, and urinary incontinence. Uri- 


swelling, infection, seroma, self- 
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(Ogilvie, Moore, 1995). Canine mammary tumor types are 
listed in fable 28-15. Malignant mammary tumors spread via 
lymphatics and blood vessels to the regional lymph nodes 
and lungs. Other less common metastatic sites include the 
adrenal glands, kidneys, heart, liver, bone, brain, and skin. 

The cause of mammary gland neoplasia is unknown; 
however, many are hormone dependent, and most can be 
prevented if OHE is performed before I year of age. The risk | 
of mammary tumors for dogs spayed before their first estrus 
is 0.05%. This risk increases to 8% after one estrus cycle and 
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Ml TABLE 28-15 


Canine Mammary Masses 






Benign mixed tumors 

nomas 
Solid carcinomas 
Tubular adenocarcinomas 
Papillary adenocarcinomas 
Anaplastic carcinomas 

* Hyper 

* Adenomas 

* Malignant mixed tumors 

* Sarcomas 

* Myeloepitheliamas 






— 






.. 


10 








esterone receptors are found in some feline mammary tu¬ 
mors, Progesterone administration may be associated with 
the development of malignant mammary tumors in cats and 

benign tumors in dogs* Dogs with benign mammary tumors 

a threefold risk of developing malignant 


FIG* 28-13 


female dachshund. 


mammary tumors. 

In dogs, benign tumors are usually classified as benign 
mixed tumors (fibroadenomas), adenomas, or benign mes¬ 
enchymal tumors (Fig* 28-13). Most canine malignant mam¬ 
mary tumors are carcinomas (see Table 28-15); however, sar¬ 
comas (less than 5%) and carcinosarcomas (malignant mixed 
tumors) also occur* Sarcomas have a higher incidence of 
metastasis than carcinomas. Some “malignant” mammary tu¬ 
mors do not recur or spread after surgery. Papillary or tubu¬ 
lar carcinomas have a better prognosis than solid or anaplas¬ 
tic carcinomas. Inflammatory carcinomas are poorly 
differentiated carcinomas with extensive mononuclear and 
polymorphonuclear cellular infiltrates. It may be difficult to 
differentiate mastitis from inflammatory carcinoma on phys¬ 
ical examination or with cytology These tumors grow rap¬ 
idly invading cutaneous lymphatics and causing marked 
edema and inflammation. They are poorly demarcated, firm, 
often ulcerated, and may involve both mammary chains. 
Some areas of involvement appear rashlike. Extensive lym¬ 
phedema of the limbs may occur secondary to lymphatic oc¬ 
clusion or infiltration* Disseminated intravascular coagula¬ 
tion is common in dogs with inflammatory carcinoma, and 
this tumor indicates a poor prognosis. 

Most feline mammary tumors are adenocarcinomas; 
however, other types of carcinomas and 
m on. Fell ne m ammary t u m o rs g row ra p id 1 y an d m et a stas i ze 
to local Iymph nodes and lungs early in the course of disease. 
Feline mammary tumors are not as well circumscribed as 
their canine counterparts; they are firm and often ulcerated* 
Feline mammary tumors must he differentiated from lobu¬ 
lar hyperplasia and fibroepithelial hyperplasia. Hyperplasia 
is often associated with exogenous progesterone administra¬ 
tion* A unilateral mastectomy is recommended to remove fe¬ 
line mammary tumors because local 
with less radical procedures. Cats with malignant mammary 
tumors generally survive less than 1 year. 


DIAGNOSIS 

Clinical Presentation 

Signal merit* Mammary tumors are common in female 
dogs and cats. The greatest frequency of mammary tumors 
is found in poodles, Boston terriers, fox terriers, Airedale ter¬ 
riers, dachshunds, Great Pyrenees, Samoyeds, keeshonden, 
and sporting breeds (pointers, retrievers, setters, spaniels). 
Almost all feline mammary tumors (99%) occur in intact fe¬ 
males. Most mammary tumors occur in middle-aged or 
older animals; they are rare in young animals. The incidence 
of mammary tumors increases markedly after 6 years of age* 
Dogs develop mammary tumors at a median age of 10 to 11 

years, while feline carcinomas occur most often between 8 to 
12 years of age* 

H i story, M a ny m a m m ary t u m ors a re disco ve re d d u r i n g 
routine physical examination. Animals may be presented be¬ 
cause of a lump and/or abnormal discharge from the mam¬ 
mae* A delay of several months is common before the animal 
is evaluated by a veterinarian* Occasionally, an animal w r ith 
advanced disease presents because of dyspnea or lameness 
secondary to pulmonary or bone metastasis, respectively. 

Physical Examination Findings 

Mammary masses may be of various sizes (2 to 3 mm to 8 
cm). The most common site for canine mammary tumors is 
the caudal mammary glands. Multiple masses may be found 
in one or both mammary chains. Most masses are easily 
moveable but occasionally are fixed to the underlying 
muscle or fascia. Masses may be sessile or pedunculated, 

or covered with skin and hair* 
Inflammatory carcinoma or mastitis should be suspected if 
the glands are diffusely swollen with poor demarcation be¬ 
tween normal and abnormal tissue. Inflammatory card no- 
mas are often ulcerated. Axillary or inguinal lymph node 


sarcomas are coin- 


solid or cystic, and ulcerated 


recurrence is common 
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surgical technique for removing the tumor and variable 
amounts of mammary tissue depends on tumor size, loca¬ 
tion and consistency, patient status, and surgeon preference* 
Survival is not influenced by technique unless incomplete 
resection is performed. However, local recurrence is de¬ 
creased in cats when unilateral mastectomy is performed 
rather than a lumpectomy (Ogilvie, Moore, 1995). A combi¬ 
nation of different techniques may be selected if an animal 
has several masses in glands of both chains. All tumors 
should be excised because each mass may be a different tu¬ 
mor type, if complete excision is not possible with a single 

second procedure should be delayed 3 to 4 weeks 


enlargement may be palpable and sub lumbar lymph node 
enlargement detected on rectal examination* Lameness or 
limb edema is suggestive of metastasis. 


Radiography/Ultrasonography 

Thoracic radiographs (both lateral views and a ventrodorsal 
view) should be evaluated for pulmonary metastasis. Tho¬ 
racic metastasis occurs in 25% to 50% ot dogs with malig¬ 
nant mammary tumors by the time of diagnosis (Ogilvie, 
Moore, 1995)* Pleural fluid may occur in cats with metasta¬ 
tic pulmonary disease. Abdominal radiographs should be 
evaluated for iliac lymph node enlargement with caudal tu- 

Abdominal ultrasonography may help detect abdom- 


surgery a 

to allow healing and relaxation of stretched skin. Ovariohys¬ 
terectomy may be performed at the time of tumor removal. 
Ovariohysterectomy should be done before mastectomy to 
prevent seeding the abdominal cavity with tumor cells* Al¬ 
though it will not prevent the further development of 
marv tumors, it will prevent uterine disease (e.g., pyometra, 
metritis) and eliminate female hormonal influence on exist- 


mors* 

inal metastasis. 


Laboratory Findings 

Minimum data base (CBC, biochemistry profile, urinalysis) 
results are nonspecific for mammary neoplasia but are im¬ 
portant in identifying concurrent geriatric problems 
paraneoplastic syndromes. Aspiration or exfoliative cytology 
helps distinguish inflammatory, benign, and malignant 
masses. Detection of neoplastic cells in lymph node aspirates 
helps stage the disease. If pleural fluid is present, it should be 
evaluated cy to logically. Bone scans help confirm bone 
metastasis* Definitive diagnosis is dependent on histopathoD 

of tissue, Each mass should be evaluated histologically 


m am¬ 


or 


mg tumors* 

Lumpectomy or partial mammectomy is the excision of a 
and a surrounding margin of grossly normal mammary 


m as s 

tissue (greater than or equal to 1 cm ). It is used when the j 
mass is small (less than 5 mm), encapsulated, noniuvasive, I 
and at the periphery of the gland. Milk and lymph leakage I 

from incised mammary tissue into the wound may cause I 

postoperative inflammation and discomfort. Simple mastec¬ 
tomy is excision of the entire gland containing the tumor, Jt I 
is used w r hen the tumor involves the central area of the gland 
the majority of the gland. Removal of the entire gland may j 
be easier than incising mammary tissue and avoids postoper¬ 
ative problems with milk and lymph leakage. Regional nm- I 
tectomy involves excision of the involved and adjacent I 
glands* This technique is selected when multiple tumors oc- I 
cur in adjacent glands in the chain or when the mass occurs* | 
between two glands* It is sometimes technically easier to 
move the confluent caudal abdominal and inguinal glands 
than either gland alone* Unilateral mastectomy is performed 
when numerous tumors occur throughout the chain. A uni¬ 
lateral mastectomy may take less time and be less traumatic 
than multiple lumpectomies or mastectomies. Bilateral mas¬ 
tectomy can be performed when numerous masses 
both chains; however* skin closure can be extremely difficult 
impossible. Therefore it is not recommended. Instead, 
staged unilateral mastectomies are preferred. 


ogy 

because different tumor types may occur in the same indi¬ 
vidual Immunohistochemical analysis ot histologic speci- 

provide useful prognostic information. 


mens can 


or 


DIFFERENTIAL DIAGNOSIS 


Mammary hypertrophy, mastitis, granulomas, skin tumors, 
or foreign bodies (e,g*> BR pellet or shot) are dillerential di¬ 
agnoses, Mammary hypertrophy results from endogenous 
exogenous progesterone stimulation and commonly occurs 

in young 

progesterone concentrations are elevated)* Hypertrophy can 
usually be ruled out based on history and cytologic findings. 
Mastitis occurs after estrus, parturition, or false pregnancy; 
the swelling is usually more localized than with inflamma¬ 
tory carcinoma. 


or 


intact female cats 2 to 4 weeks after estrus (when 


re¬ 


occur in 


MEDICAL MANAGEMENT 


Reports on the efficacy of treatment modalities other than 

lacking. Chemotherapy may be beneficial in Con¬ 


or 


surgery are 

trolling some malignant tumors. Chemotherapy, radiation 
therapy, and hormonal therapy are not routinely recom¬ 
mended as an adjunct to surgery. 


SURGICAL TREATMENT 


NOTE • Separate mammary masses on the some 
dog may be of different histologic types; therefore, 

II masses and submit them for histologic ex* 


Surgical excision is the treatment of choice for all mammary 
tumors except inflammatory carcinomas. Surgical excision 
allows histologic diagnosis and can be curative, improve 

quality of life, or modify disease progression. Inflammatory 

carcinomas are 
value in controlling or palliating the disease. Selection of a 


i 


excise a 

amination* Be sure to mark them so that you can de¬ 
termine which mass came from which site when the 


extremely aggressive and surgery is of no 


biopsy report returns. 
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Preoperative Management 

A complete workup is indicated in all patients to stage the dis¬ 
ease and identify other problems that may alter the prognosis. 
Ulcerated, infected masses should be treated with warm com¬ 
presses and antibiotics for several days before surgery to reduce 
inflammation and allow the gross tumor margins to be more 
accurately assessed. Preoperative antibiotics are necessary only 
in severely debilitated patients or those with evidence of infec- 
tio n, If re nal disease (e.g., seco ndar y to hypercalee in i a o r ma - 
Hgnancy) is present, preoperative fluids should be adminis¬ 
tered The entire ventral abdomen and caudal thorax should be 
dipped. Each mammary chain should be carefully palpated 
and the location ot each mass mapped. Additional masses are 
frequently identified once the hair has been removed. 

Anesthesia 

A variety of anesthetic protocols can be used in animals with 
mammary masses. General anesthesia is usually less stressful 
tu the patient than local anesthesia, even when small lumps 
are resected. Consider administering an opioid epidural 
postoperatively if a large area of tissue is removed. 


lymph node drains the two caudal glands; however, there 
are lymphatic connections between glands and across the 
midline. 

Positioning 

Position the patient in dorsal recumbency with the thoracic 
limbs fixed eranially and the pelvic limbs fixed caudally in a 
relaxed position. The entire ventral abdomen, caudal thorax, 
and inguinal areas should be clipped and prepared for asep¬ 
tic surgery. 

SURGICAL TECHNIQUE 

Moke an elliptical incision around the involved mammary 
gland(s), a minimum of I cm from the tumor {Fig , 28-14, A). 
Continue the incision through subcutaneous tissues to the 
fascia of the external abdominal wall. Avoid incising mam¬ 
mary tissue; however, this is often impossible , because 
mary tissue may be confluent between adjacent glands. The 
midline separation between mammary chains is distinct. 
Control superficial hemorrhage with electrocoagulation, 

en bloc excision by 
edge of the incision and dissecting subcuta¬ 
neous tissue from the pectoral and rectus fascia using o 
smooth gliding motion of the scissors {Fig. 28-14, Bj, Use 

traction on the elevated skin segment to facilitate dissection . 


mam- 


hemostats, and/or ligation. Perform an 
elevating one 


Surgical Anatomy 

Dogs usually have live pairs of mammary glands; cats have 
to ur pa i r s. Ma mm ary gl a n ds a re co m po und, t u bulo a 1 ve ol a r, 
apocrine glands. The caudal superficial epigastric arteries 
and veins supply the caudal glands (Table 28-16). The cau¬ 
dal superficial epigastric artery arises from the external pu¬ 
dendal artery near the superficial inguinal lymph node. 
Branches of the cranial and caudal superficial epigastric ar¬ 
teries anastomose. The cranial thoracic mammae are sup¬ 
plied by the fourth, fifth, and sixth ventral and lateral cuta¬ 
neous vessels and nerves (from intercostals) and branches 
of the lateral thoracic vessels (from axillary artery). The 
caudal thoracic mammae are supplied by the sixth and sev¬ 
enth cutaneous nerves and vessels and branches of the cra- 




Abdorninal and inguinal glands are loosely attached by 
fat and connective tissue and easily separated from rectus 
fascia. Thoracic glands adhere to the underlying pectoral 
muscles with little intervening fat or connective tissue. 


Resect the inguinal fat pad and lymph node(s) with the in 

guinal mammary gland . The axillary lymph node is not in¬ 
cluded with en bloc resection of the thoracic glands . 

Excise fascia if the tumor has invaded subcutaneous tis- 


Some neoplastic lesions will invade the abdominal 


sues . 


rial superficial epigastric vessels. The cranial superficial epi- 


musculature, and excision must include 


portion of the ab- 


a 


dominal wall 


gastric vessels supply the cranial abdominal mamma and 


srin over the rectus abdominis muscle. The axillary lymph 


Continue gliding scissor dissection until major vessels 


node drains the three cranial glands, and the inguinal 


(i f e. f cranial superficial epigastrics and caudal superficial 


epigas tries} to the gland 


encountered. Isolate and ligate 


are 


these vessels (Fig. 28-14, Cf Ligate the cranial superficial 


epigastric vessel where it penetrates the rectus abdominis bc- 


ieJI TABLE 28-16 


tween the caudal thoracic and cranial abdominal (third) 


mammary glands (see Table 28 - / 6). Ligate the caudal su- 


Major Blood Vessels Supplying the Mammary Glands 


perfidol epigastric vessel adjacent to the inguinal fat pad 


f Dogs and Cats 


near the inguinal ring (see Table 28-16). Ligate branches 


supplying the first and second thoracic mammary glands 


Mammary Glands 1 & 2 


(see Table 28-16) as they 


encountered penetrating the 


Ventral and lateral branches of the intercostal, internal tho 


ore 


racic, and lateral thoracic vessels 


pectoral muscles. Lavage the wound and evaluate for ab- 
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A 


Cranial 


abdominal 


Caudal 


superficial 


epigastric 


vessels 


FIG. 28-14 


A, for caudal mastectomy, make an elliptical incision around the glands to be excised. 

B f Incise subcutaneous tissue to expose the abdominal Fascia, Elevate the cranial edge of 
the segment and separate subcutaneous tissue From the fascia by sliding sharp scissors 
along the abdominal fascia. C, Ligate and divide the caudal superficial epigastric vessels 
near the inguinal ring. D, Advance skin edges to the center of the defect with walking 
sutures and subcuticular sutures. E, Appose skin edges with appositional sutures, 

p olyglyco n a te) on a 
an interrupted or 




POSTOPERATIVE CARE 

AND ASSESSMENT 


(polydioxanone, poliglecaprone 25, or 
swaged-on taper point needle in either 
continuous pattern , 

Skin apposition is most difficult in tlie thoracic region be¬ 
cause the ribs make the area less compressible than the ab¬ 
domen and the skin is less mobile. 


Analgesics (see Table 28-25 on p. 644) and supportive care 
should be given as needed An abdominal bandage should be 
used to support the wound, compress dead space, and absorb 
fluid. Bandages are changed daily for the first 2 to 3 days or 
needed to keep them dry. The wound should be inspected 
for inflammation, swelling, drainage, seroraa, dehiscence, 
and necrosis. If a Penrose drain was used, it should be re* 
moved when drainage diminishes to a minimal amount 
(usually within 3 to 3 days). Bandages and sutures are gener¬ 
ally removed 5 to 7 days and 7 to 10 days after surgery re- 


as 


or 4-0 nylon r poly - 

staples . P/ace a padded cir- 


Use appositional skin sutures (e.g., 3-0 
butester, or polypropylene) or 
cumferential bandage to compress dead space, mobilize f/s- 
, and support the wound. 


sue 
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Mammary gland sarcoma and inflammatory 
have a % r erv poor prognosis. 

OHE at the time of tumor removal improved survival in 

one study (Sorenmo, 2000), but in others it did not affect 

survival or recurrence (Yamagami, 1996, Morris 1998). 

Treatment modalities other than surgery may slow tumor 

progression, but few data are available to accurately predict 
their effectiveness. 


c a rein o m a 


TABLE 28-17 


Significant Prognostic Factors for Mammary Tumors 


• Histologic type and immunohistochemical characteristics 

• Degree of invasion 

• Degree of nuclear differentiation and DNA plaidy 

• Evidence of lymphoid cellular reactivity 

• Tumor size 

• Lymph node involvement 

• Hormone receptor activity 

• Presence of ulceration 
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spectively. Patients with malignant tumors should be reeval¬ 
uated for local recurrence and metastasis every 3 to 4 months. 


COMPLICATIONS 


Complications include pain, inflammation, hemorrhage, 
scroma formation, infection, ischemic necrosis, self-trauma, 
dehiscence, hind limb edema, and tumor recurrence. In 

dogs, local recurrence occurs within 2 years and varies from 
20% to 73%. 


mam- 


mammary caret no - 


PROGNOSIS 


Significant prognostic factors in dogs are provided in Table 
28-17, Significant prognostic factors in cats are tumor size, ex¬ 
tent of surgery, and histologic grading (Ogilvie and Moore, 

primary tumor increases, the risk of 
metastatic disease increases, and the overall survival time de- 
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thyroid glands, lungs, liver, kidneys, bladder, intestines, pan- 

pericardium, myocardium, diaphragm, and/or re¬ 
gional lymph nodes. 


c re a s 


DIAGNOSIS 

Clinical Presentation 


Signalment* No breed predilections have been re¬ 
ported, Most affected animals are middle-aged or older. 
History* Most uterine tumors are asymptomatic unless 

the gastrointestinal or urinary 


are large and compress 


they 

tracts. Animals may have a history of abnormal estrus cycles 
and/or a mucoid or hemorrhagic vaginal discharge as a re¬ 
sult of tumor irritation and vascular erosion. Uterine tumors 


UTERINE NEOPLASIA 


may obstruct the cervix and cause pyometra; therefore, pre¬ 
senting clinical signs may include a purulent vaginal dis¬ 
charge, pyrexia, anorexia, vomiting, polydipsia, and/or 
polyuria. Tumor growth may compress the colon, bladder, or 
urethra causing straining or obstruction. Other signs may 
include abdominal distention, dysuria, hematuria, dyspnea, 
and/or loss of consciousness. 


DEFINITIONS 


Leiomyoma and leiomyosarcoma are benign and malignant 
smooth muscle tumors, respectively, that may occur in the 
uterus. Uterine adenocarcinomas are malignant tumors of 

the uterine glands. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Physical Examination Findings 

Physical examination is often normal, although large masses 
may be palpated. A hemorrhagic vaginal discharge may be 
noted. Some uterine masses arc palpable during rectal exam¬ 
ination. Enlarged, asymmetric sublumbar lymph nodes may 
be palpated if the tumor has metastasized. Digital vaginal ex¬ 
amination is usually normal. Animals with pyometra may be 
depressed, febrile, pain-sensitive on abdominal palpation, 
and may have a purulent vaginal discharge (see p. 641). 

Radiography /Ultra sonography/Endoscopy 

Radiography and ultrasonography may show a mass in the 
uterine area. The echogenicity of uterine masses is variable. 
Ultrasound guided biopsies may provide information re¬ 
garding tumor type. Abdominal radiographs should be 
evaluated for evidence of lymph node enlargement or vis¬ 
ceral metastasis, and thoracic radiographs should be evalu¬ 
ated for metastasis. Vaginoscopy may reveal abnormal dis¬ 
charge, Neoplastic cells may be identified from specimens 
obtained by endoscopic transcervical uterine cannulation if 
the tumor invades or involves the endometrium (Watts et 
al, 1997), 

Laboratory Findings I 

Hematologic and serum biochemical profile results are non¬ 
specific. The patient may be anemic if a chronic hemor¬ 
rhagic discharge or paraneoplastic syndrome is present 
Neoplastic cells are rarely identified on vaginal cytology. De¬ 
finitive diagnosis requires histopathology. 


Uterine neoplasia is rare in dogs and cats; most tumors are 
incidental findings at necropsy. Tumors that may occur in 
the uterus are listed in Table 28-18. They may develop in the 
remnant of the uterine body following ovariohysterectomy 
(OHE). Concurrent pathology may include cystic ovaries, 
cystic endometrial hyperplasia, and pyometra, suggesting a 
common hormonal influence. 

Most uterine tumors are leiomyomas that arise from the 
myometrium. Leiomyomas are benign and generally nonin- 
vasive and slow growing. They may protrude into the uter¬ 
ine lumen on a stalk or cause the wall to bulge externally. 
German shepherd dogs have a syndrome characterized by 
multiple uterine leiomyomas, bilateral renal cystadenocard- 
nomas, and nodular dermatofibrosis. The most common 
malignant tumors of bitches and queens are leiomyo¬ 
sarcoma and endometrial adenocarcinoma, respectively. 
Leiomyosarcomas are grossly difficult to disti 
leiomyomas. They are invasive tumors that are usually slow 
to metastasize. Adenocarcinomas cause the endometrium to 
become thickened and nodular. The tumor may be solid or 
cystic, sessile, or polypoid, and may obliterate the uterine lu¬ 
men, Multicentric adenocarcinoma has been reported. 
Metastasis is usually present at the time of diagnosis and 
may occur to the cerebrum, eyes, ovaries, adrenal glands, 


nguish from 


28-18 


DIFFERENTIAL DIAGNOSIS 


Uterine Tumors 


Differential diagnoses for uterine masses include intestinal 
foreign bodies, tumor or fungal lesions, urinary tract masses, 
or lymph node enlargement secondary to neo 
flammation. Differential diagnoses for vaginal discharge in¬ 
clude estrus, parturition, abortion, normal lochia, vaginitis 


* Fibroma 

* Adenoma 

* Fibrosarcoma 


• Leiomyoma 

• Leiomyosarcoma 

• Adenocarcinoma 

• Lipoma 
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for malignant tumors if there is no evidence of metastasis or 
local infiltration. The prognosis for uterine adenocarcino¬ 
ma s is g u a rd ed d u e to it s p ro pe ns i ty to m eta s l a si ze h efo re di¬ 
agnosis. The effectiveness of other treatment modalities for 
uterine tumors is unknown. 


metritis, pyometra, placental subinvolution, mucomelra 
uterine torsion, or trauma. 


MEDICAL MANAGEMENT 


Effectiveness of chemotherapy and radiation therapy on 
uterine masses is unknown. 


Reference _____ 

Watts JR et al: New techniques using transcervical uterine cannilla¬ 
tion for the diagnosis of uterine disorders in bitches, / Re prod 
Fertil (suppl 511:283, 1997. 

S u ggested Reading __ 

Baldwin CJ, Roszel fF, Clark TP: Uterine adenocarcinoma in dogs, 
Com pend Cant Educ Pract Vet 14:731, 1992. 


SURGICAL TREATMENT 


Ovariohvsterectomv is the treatment of choice for uterine 

t * 

tumors. 


Preoperative Management 

Hydration, electrolyte, and acid-base abnormalities should 
be corrected before surgery. Patients with elevated blood 
urea nitrogen or creatinine concentrations should be di- 
uresed before surgery If pyometra is present, antibiotic ther¬ 
apy should be initiated (see Table 28-8 on p, 614). Mature 
patients should be fasted for 12 to 18 hours before anesthetic 

induction. 

Anesthesia 

A variety of anesthetic protocols can be used in animals with 
uterine tumors if they are not debilitated and do not 
concurrent pyometra. Anesthetic recommendations tor 
m als w i th pyo met ra are p rov i ded o n p. 643. 

Surgical Anatomy 

Surgical anatomy of the reproductive tract is on p. 614. 


PYOMETRA 


DEFINITIONS 


Pyometra is an accumulation of purulent material within 
the uterus. Uterine distention with sterile fluid is referred to 
as hydrometra (watery secretions) or mucometra (mucoid 
secretions). 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 




Positioning 


Pyometra is a potentially life-threatening condition asso¬ 
ciated with cystic endometrial hyperplasia. Cystic endo¬ 
metrial hyperplasia and pyometra both develop during 
diestrus. In dogs, the diestrual period of a normal, non- 
gravid bitch lasts approximately 70 days. The uterus is in¬ 
fluenced by progesterone produced by ovarian corpora 
lutea. Progesterone stimulates the growth and secretory ac¬ 
tivity of the endometrial glands and reduces myometrial ac¬ 
tivity. Cystic endometrial hyperplasia is an abnormal uter¬ 
ine response that develops during diestrus (luteal phase of 
cycle) when there is high or prolonged ovarian production 
of progesterone or exogenously administered progesterone. 

Excessive progesterone influence or an exaggerated proges¬ 
terone response causes the uterine glandular tissue to be¬ 
come cystic, edematous, thickened, and infiltrated by 
lymphocytes and plasma ceils. Fluid accumulates in en¬ 
dometrial glands and the uterine lumen with cystic 
dometrial hyperplasia. Uterine drainage is hindered by 
progesterone inhibition of myometrial contractility. This 
abnormal uterine environment allows bacterial coloniza¬ 
tion and pyometra. Administration of estrogen increases 
the risk of pyometra during diestrus. 

Estrogen increases the number of uterine progesterone 
rece p t o rs, wh i c h m ay exp la in t h e E n c re a sed i nci d en ce o f p y - 
ometra after estrogens are administered to prevent preg¬ 
nancy. Uterine tumors sometimes obstruct the outflow of 
uterine secretions and may contribute to the development 
of pyometra. Feline pyometra is less frequent than canine 


Patients are positioned in dorsal recumbency for a ventral 
midline celiotomy The entire ventral abdomen and caudal 
thorax should 


prepared for aseptic surgery. 


SURGICAL TECHNIQUE 


Perform o ventral midline celiotomy. Explore the abdomen 
for evidence of metastasis or other abnormalities . Biopsy or 
excise abnormal structures . Perform on OHE (see p. 616), 
removing the cervix if it is within 1 to 2 cm of the tumor. Cul¬ 
ture the uterus if metritis or pyometra i 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Fluid therapy should be continued if the patient was dehy¬ 
drated or uremic, and postoperative analgesics should be 
given when needed (see Table 28-25 on p. 644). Antibiotics 
are not necessary unless a uterine infection was identified. 
Thoracic and abdominal radiographs should be evaluated 
periodically (e.g., 1 to 2 months, 6 months) if a malignant 
tumor was present. Complications of OHE are discussed on 
p. 630. The tumor may recur locally or metastasize. 


en- 


PROGNOSIS 


The prognosis for asymptomatic benign tumors without 
surgery is good unless the mass enlarges sufficiently to im¬ 
pinge on the gastrointestinal or urinary tracts. The progno- 
sis following 011E is exceHenl for ben ign tumors and good 
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pyometra because development of luteal tissue requires 
copulation or artificially induced ovulation; however, cats 
treated with progestins for skin disease have an increased in¬ 
cidence of pyometra. 

Infection causes the morbidity and 
with pyometra. Leukocyte response to bacteria is inhibited 
in a progesterone-primed uterus, Escherichia colt is the most 
common organism identified in canine and feline pyometra. 
£ coii has an affinity for the endometrium and my¬ 
ometrium, Bacterial invasion is thought to be opportunistic 
because the most commonly isolated organisms are also the 
normal flora of the vagina (Table 28-19). Other bacterial 
sources include the urinary tract and transient bacteremia. 
Vaginal discharge occurs if the cervix is patent or “open. 11 A 
closed cervix prevents discharge of infected fluid and causes 
more serious disease. Animals may become dehydrated and 
toxic. Septicemia and endotoxemia can develop if pyometra 
is untreated. Compression or overdistention of the uterus 
may allow infected uterine contents to leak out of the 
oviducts and cause peritonitis. 

Concurrent abnormalities in animals with pyometra may 
include hypoglycemia, renal and hepatic dysfunction, 

and cardiac abnormalities (Table 28-20). Hypoglycemia 
is common in dogs with pyometra. Sepsis and systemic in¬ 
flammatory response syndrome deplete glycogen stores, in¬ 
crease peripheral glucose use, and decrease gluconeogenesis. 
Transient hyperglycemia occasionally occurs due to excessive 


catecholamine and glucagon release. Progesterone-induced 
growth hormone production may cause persistent hyper¬ 
glycemia and giucosuria. Judicious insulin treatment maybe 
required in patients with persistent hyperglycemia (Le, 
greater than 300 mg/dl) after appropriate medical and surgi¬ 
cal treatment. 

Renal dysfunction associated with pyometra may be 
caused byprerenal azotemia, primary glomerular disease, re¬ 
duced tubular concentrating ability, tubular interstitial dis¬ 
ease, reduced glomerular filtration, and concurrent renal 
disease. Prerenal azotemia is due to poor perfusion, dehy¬ 
dration, and shock. Primary glomerular disease occurs sec¬ 
ondary to immune-complex glomerulonephritis. Bacterial 
antigens also interfere with renal tubular concentrating abil¬ 
ity. Once the bacterial antigen is removed, these changes re¬ 
solve and normal renal function returns. Reduced tubular 
concentrating ability is related to inhibition of antidiuretic 
hormone at the level of the renal tubule by bacterial endo¬ 
toxins, obligatory solute load from decreased glomerular fil¬ 
tration rate, and other unknown factors. Normal tubular 
concentrating ability usually returns in 2 to 8 weeks after 
□HE. Hepatocellular injury may be secondary to intrahep- 
atic cholestasis and retention of bile pigments, toxicity from 
sepsis and endotoxemia, or poor perfusion. 

Anemia may be caused by chronic inflammation sup¬ 
pressing erythropoiesis, loss of red cells into the uterine lu¬ 
men, hemodilution, or surgical blood loss. Non regenerative 
anemia should spontaneously resolve a few weeks after 
OHE. Coagulation deficits are infrequent hut may occur sec¬ 
ondary to concurrent metabolic imbalances. Cardiac 
rhythinks result from toxic effects of pyometra, shock, aci¬ 
dosis, and electrolyte imbalance. 

DIAGNOSIS 

Clinical Presentation 

Signalment. Pyometra affects intact dogs more com¬ 
monly than cats. In dogs, there \ 

Although a Finnish report (Niskanen and Thrusfield, 1998) 
indicated a modestly increased risk in nine breeds (golden 
retrievers, miniature schnauzers, Irish terrier, rough St, 
Bernard, leonberger, Airdale terrier. Cavalier King Charles 
spaniel, rough collie, and rottweiler). Domestic shorthair 

and Siamese cats are affected more commonly than other 

/ 

breeds. Pyometra generally occurs in older (6 to II years, 
median 9 years) intact bitches and queens; however, it may 
occur in younger animals who have been given exogenous 
estrogen (dogs) or progestins (cats). Nullipara us bitches are 
at moderately greater risk for pyometra than are primi- 
parous and multiparous bitches. 

History. Pyometra usually occurs several weeks (i,e„ in 
cats 1 to 4, in dogs 4 to 8} after estrus, or following mismat- 
ing injections or exogenous administration of estrogens or 
progestins. The animal may present because of a purulent, 
sometimes bloody, vaginal discharge. Others have obvious 
abdominal distention, fever, partial-to-eomplete anorexia, 
lethargy, polyuria, polydipsia, vomiting, diarrhea, and/or 


mortality associated 




ABL 


28 ' 19 


ar- 


Organisms Most Commonly Cultured from Dogs 
with Pyometra 


Escherichia coli 
Staphylococcus aureus * 

ococcus spp.* 
Pseudomonas spp. * 
Proteus spp.* 

Pasteurella sdd. 
Klebsiella 
Haemophilus spp, 

Serratio spp, 

Moraxeilo spp. 


b reed p red is po si li on, 


spp. 


spp. 


qs normal vaginal flora 




28-20 


Potential Abnormalities in Animals with pyometra 


* Hypogiy 

* Renal ov 

* Hepatic dysfunction 

* Anemia 

* Cardiac arrhythmias 

* Coagulation abnormalities 


cemia 


ysf unction 
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weight loss. Animals with dosed pyometra more commonly 
have vomiting and diarrhea. 

Physical Examination Findings 

A purulent blood-tinged vaginal discharge may occur if the 
cervix is open. Uterine enlargement may be detected on ab¬ 
dominal palpation. Dehydration is frequent. Animals with 
endoloxemia or septicemia may be in shock, hypothermic, 
and moribund. Fever is infrequent, 

Radiography/Uttra sonography 

A ilukl-filled uterus should be detected on abdominal radi¬ 
ographs (Fig, 28-15) and/or ultrasonography. The enlarged 
uterus is located in the caudal abdomen and may displace in¬ 
testine cranially and dorsally. Occasionally, with open py¬ 
ometra or uterine rupture, enough drainage occurs so that 
the uterus is not radiographically detected. Displacing the 
intestines with a wooden spoon or abdominal bandage may 
improve uterine visualization. Signs of uterine rupture and 
peritonitis (i.e., poor serosal contrast) should be noted. It is 
important to rule out pregnancy. Radiographic confirma¬ 
tion of pyometra may not be possible until 41 to 43 days af¬ 
ter ovulation. Radiographically, fetal calcification can be 
identified after approximately 45 days of gestation. Ultra - 
sonography can identify fetal structures (Table 28-21) 
fcul viability, identify uterine fluid, and determine uterine 
wall thickness, Pyometra, hydrometra, mucometra, 
hematometra appear the same ultrasonographically The 
uterus is identified as a well-defined linear or convoluted tu¬ 
bular structure with a hypo echoic to anechoic lumen and 
thin echogenic walls. 

Laboratory Findings 

Metabolic abnormalities may be identified from a com¬ 
plete blood count, biochemistry profile, and urinalysis. 
The most common hemogram findings are neutrophilia 


TABLE 28-21 


Radiographic and Ultrasonographic Evaluation 
of Pregnancy 


Radiographs 

* Fetal calcification detected—45 days of gestation 

Ultrasonography 

* Fetal structures visualized 23 to 25 days after luteiniz¬ 
ing hormone peak or 21 days after onset of diestrus 

* Assess fetal viability at 24 to 30 days of gestation 


with a left shift, monocytosis, and evidence of white blood 
cell toxicity. White blood cell numbers usually exceed 
30,000/pL with closed pyometras and may be as high as 
100,000 to 200,000/pL However, normal numbers of 
WBCs are often seen with open pyometras. Leukopenia 
may indicate overwhelming infection and septicemia or be 
secondary to uterine sequestration of neutrophils. Mild 
normocytic, normochromic, nonregenerative anemia or 
non regenerative microcytic hypochromic anemia may 
also occur. Clotting abnormalities and disseminated in¬ 
travascular coagulation may occur in severely affected 
patients. 


, assess 


or 


NOTE * Do not rule out pyometra in animals with 

leukopenia or normal white cell counts. Sequestra¬ 
tion of neutrophils in the enlarged uterus may cause 
neutropenia despite severe infection. 


Common biochemical abnormalities include hyperpro- 
teinemia, hyperglobulinemia, and azotemia. Electrolyte 
abnormalities (decreased sodium and increased potas¬ 
sium) may occur with severe vomiting or diarrhea and 
may mimic hypoadrenocorticism. Less common abnor¬ 
malities include increased alanine aminotransferase and 
alkaline phosphatase activities (secondary to toxemia- 
induced hepatocellular damage or dehydration). Hyper¬ 
glycemia or hypoglycemia may be associated with 
rent diabetes or sepsis. Urinalysis may reveal isosthenuria, 
proteinuria, and/or bacterium, lb avoid uterine puncture 
and abdominal contamination, cystocentesis should 
be performed if pyometra is suspected. Vaginal cytology 
confirms a septic exudate with open pyometra and is ab¬ 
normal even when the cervix is closed. Bacterial culture 

and susceptibility are essential for selection of appropriate 
antibiotics. 


concur- 


not 


DIFFERENTIAL DIAGNOSIS 


FIG, 28-15 

Lateral abdominal radiograph of a dog with pyometra. Note 
rhe enlarged uterus (arrows) in the caudoveniral abdomen 
displacing viscera cranially and dorsafly. 


Differential diagnoses include mucometra, hydronietra, py- 

ovagina, pregnancy, metritis, uterine torsion, and peritonitis 
(Figs. 28-16 and 28-17). 







TABLE 28-22 


PGF2„ Therapy of Pyometra 


0.1-0 25 mg/kg SC, sid 


bid for 3-5 days. 


or 


^Dosages and efficacy of treatment are not definitively established. 


NOTE: Breeding 


hould be attempted during the next estrus. 


: TABLE 28-23 


Selected Antibiotics of Use in Animals with Pyometra 


Cefazolin [Ancef, Kefzol) 


20 mg/kg IV or IM, lid 


FIG* 28-16 


An enlarged, friable uterus in an animal with pyometra. 
Compare this to the enlarged uterus in an animal with 


Cefoxitin (Mefoxin) 


15-30 mg/kg IV, tid to qid 


mucometra in Fig, 28-17. The two cannot be differentiated 
radiographically. 


Amoxicillin plus Clavulanafe (Clavomox) 


Dogs: 1 2.5-25 mg/kg PO, bid 
Cots: 62.5 mg/cat PO, bid 


Ampiciilin 


22 mg/kg IV, IM, SC 


PO, tid to qid 


or 


Trimethoprim-Suifadiazine (Tribrissen) 


Dogs: 15 mg/kg IM or PO, bid 


Cats: 1 5 mg/kg PO, bid 


Enrofloxacin (Baytril) 


5-10 mg/kg PO or IV, bid 


SURGICAL TREATMENT 


FIG. 28-17 


Intraoperative appearance of the uterus in an animal with 


Treatment (OHE) should not be delayed more than is ab- 


muco metro. 


solutely necessary. Morbidity and mortality are associated 


with concurrent metabolic abnormalities and organ dys- 


MEDICAL MANAGEMENT 


function (see above). Surgical drainage of the uterus without 


Medical evacuation of the uterus with prostaglandin therapy 


OHE is not recommended but has been successful in a few 


( PGFhJ is inappropriate for critically ill patients because 


cases. The corpus lutea are removed and each horn lavaged 


evacuation is neither immediate nor complete. 


and suctioned. Indwelling drains are placed through the 


Medical therapy with antibiotics for 2 to 3 weeks and 


cervix to allow daily lavage with dilute antiseptics. La pare 


PGF 2u ( fable 28-22) should be considered only for metaboi- 


scopic OHE for pyometra has been described (Minami et ai 




icad 1 y stable, valuable, breeding animals. More than one series 


1997), 






o! prostaglandin injections may be necessary. Owners must 


Preoperafive Management 


be informed that PGF 2q therapy is not approved for 


use in 


dogs arid cats and that serious complications (e.g., uterine 


Surgery should not be delayed more than a few hours while 


rupture or leakage of intraluminal contents into the ab- 


medical therapy is instituted, especially in patients with 


domen and sepsis) are possible. Short-term side effects (30 to 


closed pyometra. Urine output, glucose, and arrhythmias 


60 minutes) include panting, salivation, emesis, defecation 


should be monitored preop eratively, Hydration, electrolyte, 


urination, mydriasis, nesting, tenesmus, lordosis, vocaliza^ 


and add-base imbalances should be corrected before sar- 


lion, and intensive grooming. High doses of prostaglandin 


gery, if possible (the prognosis is improved when azotemia is 


may result in ataxia, collapse, hypovolemic shock, respiratory 


corrected before surgery). A broad-spectrum antibiotic d 


distress, or death. PGH IS therapy may cause reduced ferlility. 


fective against R colt (e.g., cefazolin, cefoxitin, amoxicillin 


therapies that may 


be beneficial in some cases include 


plus davulanate, ampiciilin, or trimethoprim-sulfonamides; 


anti-lipopolysaccharide to reduce endotoxins or antiprog- 


Tabie 28-23) should be given while awaiting antibiotic sus- 


estins to promote uterine involution ( Breitkopf et al, 1997). 


ceptibiiity results. Aminoglycosides are nephrotoxic 
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given to allow the dog to be intubated. To prevent toxicity 
usually no more than 6 mg/kg of lidocaine is given intra¬ 
ven ously. 1 soflurane or se voll uran e are the!nhaiants of ch oice 
because they cause minimal cardiac depression, and induc¬ 
tion and recovery are usually rapid. The anesthetic depth 
should he monitored closely in these patients. Anesthetic 
management of stable animals is described on p. 612. 

1 lypo tens ion should be corrected before and prevented 
during and after surgery in animals with pyometra. Hyper¬ 
tonic saline with dextran improves hemodynamics and oxy¬ 
genation in animals with spectic shock. Animals with total 
protein less than 4.0 g/dl or albumin less than 1.5 g/dl may 
benefit from perioperative colloid administration. Colloids 
may be given preoperatively, intraoperatively, and/or post- 
opera! ively for a total dose of 20 ml/kg/day. If colloids are 
given during surgery (7 to 10 mg/kg)* acute intraoperative 
hypotension should be treated with crystalloids. Dobuta- 
mine (2 to 10 pg/kg/min intravenously) or dopamine (2 to 
10 pg/kg/min intravenously) may be given during surgery 
for inotropic support. Dobutamine is less arrythmogenic 
and chronotropic than dopamine and is preferred if the pa¬ 
tient is hypotensive and an uric. If the patient is anuric and 
normotensive, low-dose dopamine (0.5 to L5 pg/kg/min in¬ 
travenously) plus furosemide (0.2 mg/kg intravenously) may 
be preferable. The patient should be monitored for arrhyth¬ 
mias or tachycardia. 

Positioning 

Position the patient in dorsal recumbency for a ventral mid- 
line celiotomy. The entire ventral abdomen should be 
clipped and prepared for aseptic surgery. 

Surgical Anatomy 

Surgical anatomy of the reproductive tract is described on 

p. 614. 


TABLE 28-24 


Selected Anesthetic Protocols for Debilitated or Shocky 
Animals with Pyometra 


Dogs 


Preroedfcofion and Induction 


Oxymorphone (0.1 mg/kg IV) plus diazepam (0.2 mg/kg 

IV). Give in incremental dosages. Intubate if possible. If 
necessary, give etomidate (0.54 .5 mg/kg IV). 

Alternatively, if not vomiting, mask induction can be used 
or give thiopental or propofol at reduced doses. 

Maintenance 

Isoflurane or sevoflurane 

Cots 

Premeditation 

Butorphanol (0.2-0,4 mg/kg SC or IM) or buprenorphine 
(545 ptg/lcg IM) or oxymorphone (0.05 mg/kg SC or 


IM 


induction 

Diazepam (0.2 mg/kg IV) followed by etomidote (0,5' 1.5 
mg/kg IV), Alternatively, if not vomiting, mask or charm 
ber induction can be used or give thiopental or propo¬ 
fol at reduced dosages. If there are no contraindica¬ 
tions to ketamine (i,e,, renal dysfunction), reduced 
dosages of diazepam and ketamine may also be used. 

Maintenance 

Isoflurane or sevoflurane 


recommended due to the prevalence of renal dysfunction 
with pyometra. In addition to fluid vo I u m e r epi a tern cut, se¬ 
verely en do toxic or septicemic patients may also be given 
corticosteroids (15 to 30 mg/kg prednisolone sodium succi¬ 
nate or 4 to 6 mg/kg dexam,ethasone intravenously). Fluid 
input and urine output should be monitored to help assess 
ren a 1 fun ctio n. Low- do s e d o p amine (0.5 to L 5 jmg/kg/ m i n 
intravenously) may be used to improve renal function (see 
below), or diuretics (e,g., furosernide, 2 to 4 mg/kg intra¬ 
venously, intramuscularly, or subcutaneously or 20% man¬ 
nitol, 0,5 to 1.0 g/kg intravenously) may be administered in 
volume-overloaded patients with reduced urine production. 
Administration of antiarrythmics may occasionally be 

necessary 

/ 

Anesthesia 

Anesthetic protocols vary greatly depending on patient sta¬ 
tus. Animals that are systemkally ill need to be closely moni¬ 
tored during anesthesia. They may be induced with an opioid 
plus diazepam, given in incremental dosages as necessary to 
intubate (Table 28-24). II intubation is not possible, etomi¬ 
date or reduced dosages of thiopental or propofol may be 
given. If etomidate is not available, arrhythmic dogs may be 
i'remedicated with oxymorphone and induced with thiopen - 
tai and lidocaine. For the latter, 9 mg/kg of each is drawn up 
and half is given initially, intravenously. Additional drug is 


SURGICAL TECHNIQUE 


Expose the abdomen through a ventral midline incision be¬ 
ginning 2 to 3 cm caudal to the xiphoid and extending to the 
pubis . Explore the abdomen and locate the distended uterus. 
Observe for evidence of peritonitis (he., serosal inflamma¬ 
tion, increased abdominal fluid , petechiation). Ob to in ab¬ 
dominal fluid for culture , evacuate the urinary bladder by 
cystocentesis, and collect a urine specimen for culture and 
analysis if not previously submitted. Carefully exteriorize the 
uterus without applying pressure or excessive traction . A 
fluid-filled uterus is often friable; therefore , lift rather than 
pul I the u terv s out of th e abdom e n . 


Do not use a spay hook to locate and exteriorize the 
uterus because il may tear. Do not correct uterine torsion be¬ 
cause this will release bacteria and toxins. 


Isolate the uterus from the abdomen with laparotomy pads 
or sterile to we/s. Place clamps and ligatures as previously 
described for ONE except that the cervix may he resected in 
addition to ovaries , uterine horns, and uterine body . Ligate 
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the pedicles with absorbable monofilament suture materia! 
(i.e w 2-0 or 3-0 polydioxonone or polygtyconate) and tran - 
sect at the junction of the cervix and vagina. Thoroughly 
lavage the vaginal stump. Culture the contents of the uterus 
without contaminating the surgical field. Remove laparotomy 
pads and replace contaminated instruments , gloves, and 
drapes.. Lavage the abdomen and close the incision routinely 
unless peritonitis is present (p. 267). Submit the tract for 
pathologic evaluation. 


pyometra may be associated with residual ovarian tissue. In 
these cases, the remaining stump should be excised and resid¬ 
ual ovarian tissue removed. Other complications may include 
anorexia, lethargy, anemia, pyrexia, vomiting, icterus, hepatic 
disease, renal disease, and thromboembolic disease. Most 
complications resolve within 2 weeks of surgery. 


PROGNOSIS 


Death usually occurs without surgical or medical therapy; 
however, a few animals recover following corpus luteum re¬ 
gression and spontaneous uterine drainage. Pyometra recur¬ 
rence at subsequent diestrus is common in these animals. 
Pyometra commonly persists or recurs after prostaglandin 
therapy in dogs (77% bitches at 27 months). However, after 
prostaglandin therapy at least one normal litter is produced 
in 40% to 74% of bitches and 81% of queens (Davidson, 
Feldman, Nelson, 1992). Prognosis following surgery is good 
if abdominal contamination is avoided, shock and sepsis are 
controlled, and renal damage reversed by fluid therapy and 
bacterial antigen elimination. Death may occur when meta¬ 
bolic abnormalities are severe and unresponsive to appropri¬ 
ate therapy. Mortality rates after surgical treatment of py¬ 
ometra are approximately 5%-8%. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Give analgesics as necessary (Table 28-25). These patients 
should be monitored closely for 24 to 48 hours for sepsis and 
shock, dehydration, and electrolyte or acid-base imbalances. 
Severe hypoproteinemia or anemia may require plasma or 
blood transfusions, respectively. Fluid therapy should be 
continued postoperatively until the animal is eating and 
drinking normally. Antibiotic therapy based on culture and 
sensitivity results should be continued for 10 to 14 days. 
Low-dose dopamine or diuretics (Table 28-26) may be given 
post operatively if urine production is reduced. Evidence of 
abdominal discomfort, elevated temperature, and pain sug¬ 
gest peritonitis. 
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0.05-0.1 mg/kg IV, IM, every 4 hours (as needed] 


Buforptionol (Torbulrol, Torbugesic) 

0.2-0.4 mg/kg IV, IM, or SC, every 2 to 4 hours (as 
needed) 

Buprenorphine (Byprenex) 

5-15 j-ig/kg IV, IM, every 6 hours (as needed) 


TABLE 28-26 


D iu ret i c Th era p v 


VAGINAL PROLAPSE/HYPERPLASIA 


Dopamine {low-dose) 


] -2 pg/kg/mm IV 


DEFINITION 


Furosemide (Lasix) 


Vaginal prolapse/hyperplasia occurs during estrus or 
proestrus as a result of edematous enlargement of vaginal 
tissue. Vaginal prolapse involves the 360" protrusion of 


2-4 mg/kg IV, IM, or SC (sid to qid as needed] 
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Physical Examination Findings 

A mass may he seen protruding between the vulvar lips, or 
ihe perineum may bulge. Acute prolapse and non-protruding 
pro la p ses are ch a i act er i zed by a glistening, edem a to u s , pa 1 e 
pink mucosal surface. Chronic prolapses appear leathery 
(i.e., dry and dull), corrugated, and sometimes ulcerated or 
fissured. The mass should be examined carefully to deter¬ 
mine origin, size at the base, locations of the vaginal lumen 
and urethral opening, and the extent of tissue damage. Vagi¬ 
nal palpation should identify a mass arising from the ventral 
vaginal floor, if it is not protruding. Vaginal areas other than 
those just cranial to the urethral orifice should feel normal 

Radiography 

Radiographs are unnecessary unless neoplasia or visceral 
herniation is suspected. Concurrent herniation of the uri¬ 
nary bladder or intestines into the prolapsed tissue may re¬ 
quire contrast studies for confirmation 

Laboratory Findings 

Vaginal cytology should confirm estrogen stimulation (he., 
RBCs in the absence of cornified vaginal epithelial cells). As¬ 
piration cytology helps differentiate prolapse from neoplasia, 


mucosa while vaginal hyperplasia may originate from a 
stalk of mucosa on the floor of the vagina, both usually 
nial to th e u reth ral p a p i 1 la, 


cra- 


SYNONYMS 


Vaginal hypertrophy, vaginal edema, estral eversion , estral hy¬ 
pertrophy 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Vaginal hyperplasia/hypertrophy is uncommon but may oc¬ 
cur during proestrus and estrus. The mucosa is not truly hy¬ 
perplastic; it enlarges because of edema. Normal estrogenic 
stimulation causes vaginal mucosa to become hyperemic, 
edematous, and keratinized. These normal effects 
mated with vaginal prolapse/hyperplasia, causing edematous 
mucosa to evert during proestrus and estrus and occasionally 
at the end of diestrus or parturition. Prolapse may occur with 
hyperestrogen ism or weakness of vaginal connective tissue. 
The amount of edema and eversion is extremely variable. Se¬ 
vere edema causes vaginal tissue to protrude from the vulva. 
Although the protruding mass maybe large, the origin of the 
mass is usually small (approximately 1 em) and located on 
the vaginal floor cranial to the urethral orifice, i he width of 
the mass varies from stalklike to involving the circumference 
ol the vaginal floor. Prolapsing tissue promotes straining, 
which furtlier increases the amount of prolapsed tissue. The 
edematous tissue mechanically obstructs and interferes with 
normal breeding. Tissue prot ruding from between the vulvar 
lips is often traumatized by abrasion, licking 
Trauma results in ulceration and bleeding. The 
compress surrounding structures and 
hematuria, or tenesmus. Although edema resolves sponta¬ 
neously when the follicular phase of the cycle and 

production of estrogen have elapsed, prolapse may recur with 
each succeeding estrus cycle. 


are accen- 


DIFFERENTIAL DIAGNOSIS 


Uterine prolapse (see p. 646) and vaginal tumors are the 
most difficult to differentiate from vaginal prolapse/hyp 
plasia. The most common types of vulvar-vaginal tumors 
fibroleiomyoma, lipoma, leiomyosarcoma, squamous cell 
carcinoma, and transmissible venereal tumor. Most vulvar- 
vaginal tumors occur in old (10 years or older), intact fe¬ 
males. Benign vulvar-vaginal tumors are most common and 
respond to local excision and QHE. Fibroleiomyoma is the 
most common benign turnon Fibroleiomyomas originate 
around the urethral papilla and are usually pedunculated, 
smooth, firm, and pale. The most common malignant tu¬ 
mors are transmissible venereal tumors. These tumors tend 
to be broad-based, irregular, friable, and bleed easily Malig¬ 
nant vulvar-vaginal tumors are often locally invasive and 
metastasize early to local lymph nodes. Non-neoplastic dif¬ 
ferentials include vagina] cysts and septa or congenital mal¬ 
formations. 


er- 


a re 


drying. 


, or 


mass may 
cause stranguria, 


ova nan 


NOTE ■ Vaginal prolapse/hyperplasia appears to 
be familial. Affected animals should not be bred. 


DIAGNOSIS 

Clinical Presentation 

Signalmen!. Although 

plasia is most common in large-breed dogs, it most 

monly occurs in young bitches (2 years or younger) during 

";ic of their first three estrus cycles. Vaginal prolapse/hyper¬ 
plasia is extremely rare in cats. 

History, The most common historical findings are pro¬ 
trusion of a mass from the vulva, vulvar discharge, or bleed¬ 
ing. Bitches may present because they refuse to allow intro¬ 
mission during breeding or for signs referable to fecal 
urinary difficulties. The history should indicate if the animal 
is iri estrus or proestrus. Other signs of vaginal disease 
dude frequent perineal licking, pollaki 
ineal enlargement and swelling. 


MEDICAL MANAGEMENT 


rare, vaginal prolapse/hyper- 

com- 


I( protrusion is not 


circumferential, vaginal prolapse will 
spontaneously resolve when estrogen influence diminishes. 
Estrus 


may be shortened by administering gonadotropin- 
releasing hormone(GnRH, 5()pg/40 lbs) or human chori¬ 
onic gonadotropin (HCG, 500-1000 IU, IM) to induce 
lation. Animals 


O'v u - 

with vaginal prolapse/hyperplasia should 
not be used for breeding because the disease has a familial 
predisposition. Artificial insemination 

when a valuable bitch will not allow intromission and the 


may be considered 


or 


owners insist on breeding. I ransmissible venereal tumors 
(TVTs) can be treated with vincristine (0.025 nig/kg up to 1 
mg or 0,5 mg/m intravenously weekly for 3 to 6 weeks) 
combination chemotherapy TVTs also respond 


in- 


uria, dysuria, and per- 


or 


to local 
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tain a urethral catheter during the procedure . in stages f in- 

the base of the edematous tissue. Control hemorrhage 
with pressure , ligatures , and electrocoagulation . Appose ad¬ 
jacent mucosal edges with Interrupted or continuous ap¬ 
proximating sutures fe.g v 3-0 or 4-0 poiydioxonone i, 
poliglecaprone 25 f or polyglyconafe). Edema should resolve 


excision, radiation therapy; and immunotherapy. In addi¬ 
tion, TVTs sometimes regress spontaneously. 


SURGICAL TREATMENT 


Ovariohysterectomy is recommended to prevent recurrence 
and injury to the everted mucosa. Large, protruding masses 
n i ay re q u i re m an u a 1 reduct i o n vi a a n episio tomy and vuIva r 
sutures to prevent recurrence until the edematous tissue 
shrinks. Resection of the protruding tissue without OHE is 
not recommended because the procedure is associated with 
significant hemorrhage and does not prevent recurrence 
during subsequent estrus cycles. Resection of protruding 
tissue is recommended when the tissue is severely damaged 
or necrotic. Reduction or resection without ovariohysterec¬ 
tomy may require hysteropexy, cystopexy, and/or colopexy 
to prevent recurrent prolpase and herniation, respectively. 

O v a r i o h ys tetec to my 
ommended for all vaginal tumors except TVTs. Many 
vaginal tumors are under hormonal influence and regress 
after OHE. 


within 5 to 7 days of OHE . 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Patients should be supported pos toperatively with fluids 
and analgesics (see Table 28-25 on p. 644), as needed. Cold 
compresses should be applied immediately after epL 
siotomy and warm compresses the following day to reduce 
inflammation and swelling. Self-trauma may result in de¬ 
hiscence due to perineal discomfort associated with epi- 
siotomy and/or vulvar sutures; an Elizabethan collar, 
bucket, or sidebars should be used postoperative!)'. The 
va gin a s h ould b e paipa te d 5 to 7 days afte r m ass red action 
and/or OHE, and vulvar sutures removed if tissue eversion 


are ret- 


mass excision or 


has regressed with minimal threat of reprotrusion. Hemor¬ 
rhage may occur following amputation of the protruding 
edematous tissue but is 


Preoperative Management 

Protruding mucosa should be lavaged with warm saline or 
water to remove debris and necrotic tissue. An antibiotic or 
antibiotic/steroid ointment can be applied to the exposed 
tissue and the mass replaced within the vagina or vestibule, 
if possible. An Elizabethan collar, bucket, or sidebars should 
be used to prevent self-trauma before surgery. 

Anesthesia 

Anesthetic recommendations for animals undergoing repro¬ 
ductive surgery are on p. 612. 

Surgical Anatomy 

Anatomy of the reproductive system is described on p. 614. 
Vaginal lymphatic drainage is to the internal iliac lymph 
n o d es. 


self-limiting if good surgical tech¬ 


nique was employed 


PROGNOSIS 


The prognosis is excellent following OHE; without OHE, re¬ 
currence during subsequent estrus and difficult conception 

Edema will resolve when estrogen levels di¬ 
minish at the end of estrus. Offspring may be predisposed to 
the condition. 


are common. 
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Manothaiudom K, Johnston SD: Clinical approach to vaginal/ 
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Positioning 

The patient is positioned in dorsal recumbency for OHE, 
The entire ventral abdomen and perineum should be 
dipped and prepared for aseptic surgery. Episiotomy re¬ 
quires that they be repositioned in a perineal position {Le., 
ventral recumbency, pelvic limbs over the edge of a padded 
table, tail fixed dorsally over the back). 


Mem on MA, Pavlctic MM, Kumar SA: Chronic vaginal prolapse 

bitch, j Am Vet Med Assoc 202:295, 


pregnancy 


1993. 

Root MV, Johnston SD, Johnston GR: Vaginal septa in dogs: 15 

(1983-1992), J Am Vet Med A$$oc 206:56, 1995. 


SURGICAL TECHNIQUE 


cas e s 


Perform an OHE (see p. 6 J 6} and biopsy the mass to rule 

Perform on episiotomy if necessary to allow 


out neoplasia 

biopsy Replace the protruding mass into the vagina or 
vestibule. Lavage, lubricate, and reduce the prolapsed tissue 
by digital manipulation . Maintain reduction by placing two 
to three horizontal mattress sutures (e.g., 2 0 nylon or 
polypropylene) between the vulvar lips . 

tf resection of necrotic or severely traumatized tissue is 
necessary, position the patient in a perineal position and 
perform an episiotomy to expose the mass. Place and main- 


UTERINE PROLAPSE 


DEFINITIONS 


Uterine prolapse is an eversion and protrusion of a portion 
of the uterus through the cervix into the vagina during or 
near parturition. 
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SYNONYMS 


MEDICAL MANAGEMENT 


l-rerme eversion 


Medical treatment is rarely successful. Shock should be 
treated with fluids (plus or minus corticosteroids). 
Acid-base and electrolyte imbalances should be corrected. 
The protruding mass should be iavaged with warm saline 
and gently massaged to reduce edema. Lavaging with hy¬ 
pertonic dextrose solution may reduce swelling. The mass 
should then be lubricated with a water-soluble gel and 
manually replaced by using external pressure and flushing 
sterile fluid under pressure into the uterine horn. After re¬ 
placement, administration of oxytocin (5-10 U) will pro¬ 
mote uterine involution and, together with closure of the 
cervix, helps prevent recurrence. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Uterine prolapse is rare. It is similar to estrus-associated 
vaginal prolapse/hyperplasia (see p, 644); however, uterine 
prolapse is associated with parturition and involves the en¬ 
tire vaginal circumference. The cervix must be dilated for 
uterine prolapse to occur. One or both uterine horns may 
prolapse and reside in the cranial vagina or be everted 
through the vulva. Uterine prolapse usually occurs with pro¬ 
longed labor. The everted tissue is doughnut-shaped and 
discolored from venous congestion, trauma, and debris. 
Uterine prolapse may result in tearing of the broad ligament 
and uterine artery hemorrhage. Hemorrhage may lead to hy¬ 
povolemic shock unless controlled quickly. 


SURGICAL TREATMENT 


The goals of treatment are to replace the uterus (see above 
under medical management) and prevent infection. Treat¬ 
ment options include manual reduction, manual reduction 
with immediate OHF, reduction during celiotomy, and am¬ 
putation of the mass. Ovariohysterectomy should be per¬ 
formed if tissue is devitalized, irreducible, or if vessels in the 
broad ligament have ruptured. Laparotomy may be neces¬ 
sary to facilitate manual reduction by placing cranial trac¬ 
tion on the broad ligament or uterus. Occasionally, uterine 
amputation is necessary to allow reduction. Everted uterine 
tissue may be amputated similarly to that described for 
vaginal prolapse/hyperplasia (see p. 646); however, the uter¬ 
ine arteries must be ligated. After uterine amputation, an 
OHE should be performed. Vaginapexy may be performed 
during cesarean section, celiotomy, or when the patient is 
stable. 


DIAGNOSIS 

Clinical Presentation 

Signalmen!. The condition is rare but may occur near 
or at parturition. There is no recognized age predisposition. 
Although rare, the condition occurs more commonly in cats 
than dogs. 

History, Uterine prolapse is associated with excessive 
straining during parturition. A mucosal mass is generally 
noticed protruding from the vulva. Vague signs of abdomi¬ 
nal distress and tenesmus may be noted. Signs of hemor¬ 
rhagic shock may occur if the ovarian or uterine vessels have 
ruptured. Other signs may include restlessness, abnormal 
posture, pain, perineal bulging, licking, and dysuria. 

Physical Examination Findings 

Uterine prolapse is diagnosed on physical examination by 
digital examination of the vagina. Perineal bulging may be 
recognized. Everted mucosa may protrude through the vulva 
or be digitally palpated in the vagina. A fornix will be iden¬ 
tified by inserting a probe or finger along the protruding 
mass if it is a vaginal mass or prolapse, but not if it is a uter¬ 
ine prolapse. The animal may be stable or show signs of he¬ 
morrhagic shock (e.g., pale mucous membranes, tachycar¬ 
dia , weak pulse). 

Radiography/Ultra sonography/ 

Vaginoscopy 

A gravid uterus or postpartum uterus may be identified on 
radiographs or ultrasonography. Vaginoscopy may be used 
to confirm the diagnosis. 

Laboratory Findings 

Specific laboratory abnormalities are not seen. Anemia may 
be present if the uterine artery has ruptured. 


NOTE * Catheterize the urethra during uterine am¬ 
putation to prevent traumatizing it or the urethral 
papilla. 


Preoperative Management 

Shocky patients should have surgery performed as soon as 
they have been stabilized. Shock should be treated with flu¬ 
ids (plus or minus corticosteroids), and acid-base and elec¬ 
trolyte imbalances corrected. Prophylactic antibiotics 
should be given when the prolapse is contaminated or 
traumatized. Hair should be clipped from the abdomen, 
perineum, and the areas prepared for aseptic surgery. Via¬ 
bility of the prolapsed tissue should be assessed, and if the 
tissue appears healthy, the mass should be Iavaged and re¬ 
placed. Use techniques described in the Medical Manage¬ 
ment section. 


Anesthesia 

Anesthetic recommendations for animals undergoing re¬ 
productive surgery are provided on p. 612. Animals that 
are in shock require special care during induction and 
anesthesia. Anesthetic protocols for debilitated and shocky 
patients are provided in Table 28-24, p. 643. Epidural 
anesthesia (see p. 613) may facilitate prolapse reduction 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include vaginal prolapse/hyperplasia 
lsee p. 641 j, vaginal tumor (see p, 645), and uterine torsion. 
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and reduce postoperative straining. Local anesthetics 
should not be used in an epidural unless volume depletion 
has been corrected. 


Positioning 

Manual reduction may be accomplished with the patient in 
ventral, dorsal, or lateral recumbency. A perineal position is 
recommended for episiotomy and dorsal recumbency for 

cel i oto my. 

Surgical Anatomy 

Surgical anatomy of the reproductive tract is provided on 
p. 614. 




SPECIFIC DISEASES 




mm 


PROSTATIC HYPERPLASIA 


DEFINITIONS 


Prostatic hyperplasia is a benign enlargement of the 
prostate. Increased numbers of prostatic cells occur second¬ 
ary to androgenic hormone stimulation. 


SURGICAL TECHNIQUE 


Reduce acute prolapses manually. Lavage the protruding 
tissue with worm saline or water and diluted antiseptic . 
Hypertonic agents (e.gsugar) may help reduce edema 
and facilitate reduction. Gently compress the moss to re¬ 
duce edema while attempting to reduce the prolapse , If 
necessary; perform an episiotomy to assist reduction . in¬ 
sert a urethral catheter. Place horizontal mattress sutures 
between the vulvar lips to maintain reduction and prevent 
recurrence . If necessary ; perform celiotomy to facilitate 
reduction by cranial uterine fraction, ensure proper alig 
ment of the uterine horns, and assess integrity of the 
vasculature . 


SYNONYMS 

Ben ig n pro static /type rpi a si a , prostatic " hyp e rt rophy 

BPH 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Benign prostatic hyperplasia is the most common canine 
prostatic disorder Potential causes of hyperplasia include 
an abnormal ratio of androgens to estrogens, increased 
number of androgen receptors, and increased tissue sensi¬ 
tivity to androgens. The primary androgen promoting hy¬ 
perplasia is dihydro testosterone. Benign prostatic hyperpla¬ 
sia may be a normal aging change; however, marked 
enlargement may cause constipation, tenesmus, altered 
stool shape, and/or dysuria. Prostatic enlargement rarely 
causes urinary obstruction. Pressure on the pelvic di¬ 
aphragm may contribute to the development o! a perineal 
hernia. 

Hyperplasia may be glandular or complex. Glandular hy¬ 
perplasia affects dogs as young as 1 year ol age and peaks at 
5 to 6 years. There is a uniform proliferation of secretory 
structures with glandular hyperplasia, and gland consis¬ 
tency is normal. Complex hyperplasia is seen in dogs as 
young as 2 years of age hut predominately occurs between 8 
and 9 years. Cystic dilated alveoli are present with heteroge¬ 
neous epithelial cells varying from normal to nonfunctional 
cuboidal cells. Acini are filled with eosinophilic material 
and plasma cells and lymphocytes are present in the hyper¬ 
plastic stroma. ■ 


n- 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Shock, dehydration, and blood loss should be treated and 
analgesics given as necessary (see Table 28-25 on p. 644). 
Urination should be monitored because swelling and pain 
may cause urethral obstruction. If dysuria or anuria is antic¬ 
ipated, a urinary catheter should be placed. Antibiotics 
should be continued postoperative!)' if the uterus appeared 
moderately to severely traumatized and OHE was not per¬ 
formed. Complications may include hemorrhage, shock, de¬ 
hydration, infection, necrosis, urethral obstruction, recur- 
ren ce, a nd dea t h. 


PROGNOSIS 


Complete uterine prolapse will not regress spontaneously. 
Survival following successful manual reduction of uterine 
prolapses is common, but infertility and dystocia may oc¬ 
cur with subsequent breeding. The prognosis following 
OHE is excellent if shock and hemorrhage are treated 
appropriately. 


DIAGNOSIS 

Clinical Presentation 

Signal ment. Sexually intact male dogs are affected 
Doberman pinschers may be predisposed to prostatic dis- 
e ase (K ra w i e c a n d H e fli n, 1992). Ben ig n p rostat i c hyperpla ■ 
sia is found in most sexually intact male dogs over 6 years of 

age. Mean age at diagnosis is 8.9 years tor most prostatic dis¬ 
eases (Krawiec and Heflin, 1992), V 

History, Dogs may present for tenesmus, hematuria, 
and/or urethral bleeding. M 


l 
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Physical Examination Findings 

Most dogs are asymptomatic, but tenesmus, hematuria, or 
urethral bleeding may occur. Rectal palpation reveals sym¬ 
metric, nonpainful prostatic enlargement, 

Radiography/Ultrasonography 

Radiographically the prostate appears symmetrically en¬ 
larged. Ultrasonography shows diffuse, symmetric prostatic 
involvement; small, multiple, diffuse cysts are common. The 
overall echogenicity of the gland is normal to increased. 

Laboratory Findings 

Ejaculate cytology reveals hemorrhage and mild inflamma¬ 
tion without sepsis. Prostatic epithelial cells, erythrocytes, 
and a few leukocytes are identified. Definitive diagnosis 
quires histopathology to confirm hyperplastic changes. 


SURGICAL TREATMENT 


Asymptomatic animals do not require therapy. Castration is 
the best treatment for dogs with clinical disease. Castration 
permanently involutes the prostate within 3 to 12 weeks. 
Subtotal prostatectomy is an option for valuable breeding 
animals (see p. 629), 


Preoperative Management 

Constipation, tenesmus, and urine retention should be 
treated symptomatically. Stool softeners may facilitate defe¬ 
cation (see p, 630), 

Anesthesia 

Anesthetic recommendations for animals undergoing elec¬ 
tive reproductive surgery are provided on p. 612. 

Surgical Anatomy 

Surgical anatomy of the prostate is provided on p. 615. 

Positioning 

The animal is positioned in dorsal recumbency for prescro¬ 
tal castration (see p. 619) and a perineal position for perineal 
castration (see p. 620). See pp. 619 and 620 for recommen¬ 
dations for clipping and surgically prepping for castration. 
Position the animal in dorsal recumbency for subtotal 
prostatectomy (see p. 628), 


re- 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include prostatic squamous metapla¬ 
sia, prostatic cysts (see p. 654), periprostatic cysts (see 
p, 655), prostatitis (see p, 650), prostatic neoplasia (see 
p.658), and prostatic abscesses (see p. 650). Prostatic aspira¬ 
tion or biopsy (see p, 627) may be necessary to differentiate 
benign and malignant prostatic enlargement. Ultrasonogra¬ 
phy may differentiate benign prostatic enlargement from 
that due to cysts or abscesses. 

I 


MEDICAL MANAGEMENT 


SURGICAL TECHNIQUE 


Estrogen therapy has been used to reduce prostatic size, 
but it is not recommended because it causes infertility, 
squamous metaplasia, abscessation, and aplastic 
Medroxyprogesterone acetate ( Table 28-27) alleviated signs 
of hyperplasia within 4 to 6 weeks in 16 of 19 (84%) dogs 
treated (Baniberg-Thaleii, Linde- Forsberg, 1993). Most, 
however, had recurrence at an average of 13.6 months. Po¬ 
tential progestin side effects include increased appetite, 
weight gain, mammary neoplasia and dysplasia, and diabetes 
mcllitus. Ket aeon azole may be safer but requires life-long 
therapy. Other drugs being investigated for treatment of be¬ 
nign prostatie hyperplasia include finasteride, a synthetic 
steroid that inhibits Set- reductase and blocks production of 
dihydrotestosterone, and chlormadinone acetate (an anti- 
androgen 1 c p re p ar at ion). 


Castration is described on p, 619. Subtotal prostatectomy is 
described on p. 629. 


POSTOPERATIVE CARE 

AND ASSESSMENT 


Analgesics should be provided for pain (see Table 
p. 644), if necessary. Symptomatic treatment for constipa¬ 
tion, tenesmus, and urine retention may be necessary until 
involution is sufficient to diminish clinical signs. Prostatic 
involution can be evaluated ultrasonographically. 


28-25 on 


PROGNOSIS 


The prognosis following castration is excellent. Although 
symptomatic therapy alone may initially be helpful, clinical 
signs recur or worsen without castration. 
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TABLE 28-27 


Medical Management of Benign Prostatic Enlargement 


Medroxyprogesterone Acetate (DepoProvera) 


3 mg/kg (minimum dose of 50 mg) SC; repeat dose 
to 6 weeks if signs persist 


in 4 
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Kamolpatana K et ah Effect of finasteride on serum concentrations 
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DIAGNOSIS 


Kawakami E a ai: Comparison of the effects of chlonmdmone 


Clinical Presentation 


acetate-pellet implantation and orchidectomy on benign prosta 


tic hypertrophy in Lhe dog, Int J Androl 18:248, 1995, 


Signalment. Abscesses primarily occur 


in older, sex in 


Grima H ct al: Short-term oral treatment of canine benign prosta- 


ally intact males with prostatitis, squamous metaplasia, or 


tic hypertrophy w ith clormadi none, ./ Vet Med Set 57: 139, \ 995. 


cysts* Although prostatic abscesses may occur in dogs as 


Rue3 Y et al: Ultrasonographic evaluation of the prostate in healthy 


young as 2 years of age, 81 of 92 affected dogs (88%) 


intact dogs. Vet Radiol Ultrasound 39:212, 1998. 


study were older than 8 years (mean: 10.8 years) (Mullen 


Matthiesen, Scavelli, 1990). 


History. Dogs may have recurrent or non responsive uri¬ 


nary tract infections. Animals are usually presented because 


PROSTATIC ABSCESSES 


of an acute onset of depress ion/lethargy, a tendency to .strain 


when urinating or defecating, hematuria, vomiting, d i scorn- 


DEFINITIONS 


fort or pain, and polyuria or polydipsia (Table 28-29). Other 


clinical signs may include fever, anorexia, diarrhea, and de- 


Prostatic abscesses are localized accumulations ol purulent 


material within the prostatic parenchyma. Prostatitis is an 


hydration 


infection of the prostate gland, with or without abscess 


Physical Examination Findings 


formation. 


generally enlarged, painful, and 


Abs cess ed p ros t a l es 


are 


GENERAL CONSIDERATIONS 


asymmetric with fluctuant areas ( tables 28-30 and 28-31), 


AND CLINICALLY RELEVANT 


Rectal palpation is often painful, and caudal abdominal 


PATHOPHYSIOLOGY 


pain, lumbar pain, and pelvic limb stiffness may also occur. 


Peritonitis may cause abdominal distention. The scrotum 


Prostatitis is common in dogs but rare in cats. Infection oc 


and testicles should be palpated for evidence of masses, en- 


when bacteria colonize the prostatic parenchyma. The 


c u rs 


largement, or increased sensitivity. Some animals have pen 


of bacteria is usually the urethra, although 


sot] rce 


meal hernias, subcutaneous edema, and/or feminization. 


hematogenous infection is possible. Factors predisposing to 


Depression, fever, anorexia, vomiting, diarrhea, and dehy- 


infection include disruption of normal parenchymal archi 


dration are associated with severe infections. Additionally, 


urethral disease, urinary tract infections, altered 


lecture. 


signs of tachycardia, pale or injected mucous membranes, 


urine flow, altered prostatic secretions, and reduced host im 


delayed capillary refill, and/or weak pulses suggest sepsis and 


munity. Prostatic cystic hyperplasia, squamous metaplasia. 


and cysts increase the risk of infection. Androgenic hor 


shock. 


mones are necessary for prostatic secretions: estrogenic hor¬ 


mones decrease secretory activity and may cause prostatic 


CD 


TABLE 28-29 


squamous metaplasia leading to cyst formation with subse 


quent abscessation. Microabscesses form and coalesce, caus- 


Frequency of Clinical Signs in 92 Dogs 


ing large abscesses if not treated promptly. Enlargement of 


with Prostatic Abscesses 


the prostate compresses the colon (and rarely the urethra), 


causing obstruction. Abscess rupture may cause septicemia 


Depresslo n /1 eth a rg y 

Straining to urinate or defecate 


85% 


peritonitis, and cardiovascular collapse. A high pro static sc 


cretion concentration of zinc probably provides antibacter- 


54% 


Hematuria 


Vomiting 

Discomfc 


ial activity and normal sperm function. The prostatic ep 


26% 


ort or pain 
Polyuria/polydipsia 


ithelium creates a blood/prostate barrier because of its 


1 8 % 


hi layer. Bacterial colonization of the prostate is reduced by 


normal defense mechanisms (Table 28-28). 


From Mullen H$, Matthiesen DT r Scovelli TD: J Am Aoim Hasp .As¬ 


soc 26:369, 1990. 


ABLE 28-30 


TABLE 28-28 


Frequency of Physical Examination Findings on Rectal 


Normal Prostatic Defense Mechanisms Against Infection 


Palpation in 92 Dogs with Prostatic Abscesses 


* Local production of IgA and IgG prostatic antibacterial 
factor 


Prostatomegaly 


93% 


73% 


Pain 


* Mechanical urethral flushing during urination 

* Urethral high-pressure zone 

* Urethral peristalsis 

* Surface characteristics of the urethral mucosa 


Asymmetry with fluctuant areas 


49% 


*From Mullen HS, Matthiesen DT, Scavelli TD; J Am Anim Hasp As- 


C 
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Radiography/Ultrasonography 

Radiographic changes include prostatomegaly* indistinct 
borders, and occasional mineralization {Table 28-32)- Loss 
of abdominal detail suggests peritonitis (see p. 267)- Con¬ 
trast procedures may show reflux into the prostatic 
parenchyma and alteration in urethral diameter. Ultrasono¬ 
graphic evaluation identifies hyper echoic, intraparenchy- 
mal, and fluid-filled spaces. 

Laboratory Findings 

.Neutrophilic leukocytosis with a left shift, toxic neutrophils, 
and monocytosis may occur. Additional abnormalities may 
include elevated serum alkaline phosphatase and alanine 
transaminase activities* creatinine concentrations* hyper- 
globulinemia, hypoglycemia, and hypokalemia. Hematuria, 
pyuria* arid bacterium are common on urinalysis. Prostatic 
wash or fine-needle aspiration cytology yields highly cellu¬ 
lar smears with large numbers of neutrophils and smaller 
numbers of macrophages and epithelial cells. Squamous 
metaplasia* hyperplasia, or normal epithelial cells may be 


detected. The most commonly isolated bacteria are listed in 
Table 28-33* Occasionally, anaerobic organisms or My¬ 
coplasma are isolated. Urine culture (in addition to prosta¬ 
tic fluid culture) should be performed because concurrent 
infections are common. Antimicrobial sensitivity should be 
determined for all pathogens. Histologic evaluation may 

show localized or diffuse inflammation; glandular lumens 
are typically filled with neutrophils, bacteria* and necrotic 
debris. Fibrosis, atrophy, and stromal accumulations of 
lymphocytes and plasma cells are found with chronic 
prostatitis. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include prostatitis, prostatic cyst, 
periprostatic cyst* prostatic neoplasm, pro static hyperplasia, 
rectal mass, and intrapelvic masses. 


MEDICAL MANAGEMENT 


Prostatitis and small prostatic abscesses are treated with an¬ 
tibiotics, fluid therapy, and nutritional support. If the animal 


'• TABLE 28-31 


Clinical Signs of Prostatic Disease 


SIGNS 


DIAGNOSIS 


INFICTION 

ABSCISS 


HYPIRPLASIA 


CYST 


NEOPLASIA 


Prostatomegoly 
Symmetric prostatlc 

enlargement 
Pain on prostatlc 
palpation 
Fluctuant prostate 
Lymph node enlargement 

Ultrasound 




-h 


normal to T echogenicity 

hemorrhage 


hypoechoic cavities 

hemorrhage* 

inflammation* 

bacteria 


anechoic cavities hyperechoic or heterogenous 
hemorrhage 


irregular urethra 


Cytology 


atypical cells ± inflammation 

& bacteria 


Peripheral leukocytosis 

Pyuria 

Systemic signs 


+ 


rare 


- - present; - absent; - 


variable 


TABLE 28-33 


!e TABLE 28-32 


Most Commonly Isolated Bacterial Organisms in Animals 


Radiographic Changes in 92 Dogs with Prostatic Abscesses 


with Prostatic Abscesses 


Prostata mega ly 

Indistinct prostatic borders 


* Escherichia colt 


85% 


* Pseudomonas spp. 

• Staphylococcus spp. 


27% 


• Streptococcus spp 


Lorn Mullen HS, Mafitnesen DT, Scavelli TD- J Am Anim Hasp As 


* Proteus spp. 


soc 26:369, 1990 
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SURGICAL TREATMENT 


is in septic shock (systemic inflammatory response syndrome), 
fluid replacement therapy should be initiated as soon as pos^ 
sibLe (Table 28*34)* If hypokalemia (see Table 21-35 on 
p. 362) and hyponatremia are present, intravenous supple¬ 
mentation is required. Hypoglycemia is common in septic 
shock, and glucose may need to be added to the fluids (i.t\, 
2.5% to 5% dextrose) or given as a slow IV bolus if rapid re* 
placement is necessary (see fable 28-34). Corticosteroid ad* 
ministration in septic patients is controversial and its use 
with fhmixin meglumine increases the risk of gastrointesti¬ 
nal ulceration. Urine output should be monitored (normal 

urine output is more than 1 to 2 ml/kg/hr). 

Broad-spectrum antibiotic therapy should be initiated as 
soon as the diagnosis is made. Ampicillin plus enrofloxacin 
(Table 28-35) is an effective combination in most animals 

shock* Amikacin plus clindamycin, enrofloxacin 

metronidazole may also 


Acute bacterial prostatitis and prostatic abscesses are poten¬ 
tially life-threatening. Shock therapy must be initiated 
promptly ( see above)* Large abscesses should be drained and 
castration performed when the patient is stable. Castration 
may reduce the duration of infection* Prostatic biopsy 
should be performed during drainage or resection. Subtotal 
prostatectomy (see p. 629) is indicated in stable patients for 

recurrent abscessation or cysts that 
drainage procedures. Rarely total prostatectomy (see p* 628) 
is performed for recurrent prostatic infections. 




have not responded to 


Preoperative Management 

The animal should be stabilized before surgery (see above). 
Place a urinary catheter before surgery to facilitate intraop¬ 
erative identification of the urethra. 


w 


plus clindamycin, or amikacin plus 

be effective combinations. A second-generation cephalo¬ 
sporin (e*g., cefoxitin sodium) may also be used. If resistant 

animal with renal com* 


Anesthesia 

Anesthetic recommendations tor animals in shock are pro¬ 
vided in Table 28-24. .Anesthetic recommendations for ani- 
mals undergoing reproductive surgery 

Surgical Anatomy 

Surgical anatomy of the prostate is provided on p, 615. 

Positioning 

The ventral abdomen and medial thighs should be dipped 
and asepticaliy prepared for surgery and the prepuce flushed 

with a 

chlorhexidine solution. The patient is positioned in dorsal 
recumbency for a midline celiotomy 


bacterial infection is present in an 
promise, imipenem may be considered (see 
Initial antibiotic therapy should be altered based on results 
of aerobic and anaerobic culture of 


Table 28-35), 


prostatic or abdominal 


fluids obtained at surgery* 


1:40 dilution of 2% 


0*1% povidone iodine or a 


(P I TABLE 28-34 


Shock treatment 


La eta ted Ringer's Solution, Normosol, or 
Physiologic Saline Solution 

Dogs: Up to 90 ml/kg/hr (to effect) 
Cats: Up to 60 ml/kg/hr (to effect) 


TABLE 28-35 


Antibiotic Therapy in Animals with Septic Shock 


OR 


Amikacin (Amiglyde*V} 

30 mg/kg IV, std 

Ampicillin 

22 mg/kg IV, tid 

Cefoxitin (Mefoxin) 

15-30 mg/kg !V, tid to qid 


Heta starch 

5-10 ml/kg (up to 20 ml/kg/day) 


OR 


7% Hypertonic Saline 

4-5 ml/kg (up to 10 ml/kg/day], then isotonic crystalloids 
at 10-20 ml/kg/hr (to effect) 






Clindamycin (Cleocin) 


OR 


1 1 mg/kg IV, tid 


7% Saline and Dextron 70 


Enrofloxacin (BaytHI) 


l/kg/day), then isotonic crystalloids 


3-5 ml/kg (up to 10 

ot 10-20 ml/kg/hr (to effect) 


m 




5-1 0 mg/kg IV, bid 






Imipenem (Primaxin) 


Flunixin Meglumine {Banamine) 

1 mg/kg IV, once or twice if in septic shock 

50% Dextrose 


3-10 mg/kg IV, ltd to qid 


Metronidazole (Flagyl) 


1 0 mg/kg IV, tid 


1-2 ml/kg IV 




p 
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Omenta lization 

Expose, isolate, and culture the prostate os just described 
for drain insertion. Moke stab incisions bilaterally in the lat¬ 
eral aspects of the prostate gland and remove the purulent 
material by suction. Explore and digitally break do 
locu la ted abscesses with in th e parenchyma . iden ti fy the p ro - 
static urethra by pal potion of the previously placed urethral 
ca theter. Place a Penros e dra i n around the pros tati c are th ra 
within the parenchyma to elevate the gland and facilitate ir¬ 
rigation of the abscess cavities with warm saline. Enlarge 
the stab incisions by resection of the lateral capsular tissue. 
Submit excised tissue for histopathologic examination. In¬ 
troduce omentum through one capsulotomy wound with 
forceps introduced through the contralateral wound (Fig. 

28-19). Pass the omentum around the prostatic urethra , exit 
it through the same incision , and anchor it to itself with ab¬ 
sorbable mattress suture (see Fig. 28-19). Close the ab¬ 
domen routinely. 

Postoperative Care and Assessment 

Analgesics should be given as necessary ( 
p. 644) and the patient monitored for sepsis, shock, and 
anemia. Fluid and nutritional support should be provided 
until the patient is stable and able to eat. Appropriate an¬ 
tibiotics should be given for 2 to 3 weeks. Ideally, urine or 
prostatic fluid culture should be performed 3 to 5 days after 
starting antibiotics and 2 to 3 days after antibiotics are dis¬ 
continued . 1 he abdomen should be bandaged to protect 
drains or suction apparatus, and an Elizabethan collar, 
bucket, or sidebars should be used to prevent self-trauma 
and drain removal Water-insoluble ointments may be ap¬ 
plied around drains to prevent skin scalding. Bandages 
should be changed daily or when ' strike-through' is de¬ 
tected. Drains may be removed when the discharge becomes 
sera sanguineous and diminished in volume (1 to 3 weeks). 
Recurring or persistent infection should be identified by 
culturing prostatic fluid and performing ultrasonography 
every 3 to 4 months for 1 year. 


SURGICAL TECHNIQUE 


Large abscesses or cysts should be drained. The choice of 
drainage procedures depends on the size and location of the 
abscess/cyst. Marsupialization (see p. 656) is an option if the 
abscess/cyst can be mobilized to the ventral abdominal wall and 
the capsule is capable of holding sutures. It is more commonly 
used lor cysts than for abscesses. Prostatic omentalization is a 
technique that may decrease postoperative care for patients 
with prostatic abscesses (White and Williams, 1995), Perform 
castration before performing the abdominal exploration. 


Multiple Drain Technique 

P/ace a ureth rai catheter Expose th e pro state th ro ug h a ven - 
tral midline celiotomy from umbilicus to the pubis. Extend the 
incision caudally and perform a pubic osteotomy if neces¬ 
sary to adequately expose the prostate (see p. 579). Place 
Balfour refractors fo facilitate exposure. Explore the ab¬ 
domen and isolate the bladder and prostate with laparotomy 
sponges. Place traction sutures th ro ug h the bladder wall to 
retract the prostate cron tally Dissect the ventral fat pad from 
the prostatic capsule. Insert a large-gauge needle into the 
abscess/cysf colled a sample for culture and susceptibility 
testing, and suction its contents , Avoiding vessels and 
incise the ventral aspect of the prostate 
cavity . Digitally break down all trabecula and fibrous bands 
fo connect adjacent abscesses/cysts, creating a common 
cavity: Suction and iavage the cavity to remove fluid accu¬ 
mulations. Debride necrotic tissue. Place two to four Penrose 










1 
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n erves, 
over the abscess/cyst 




drains (Z 2 Inch) transversely across the ventrolateral aspect 

of both /obes of the prostate (Fig, 28-18). Periprostatic 
dra in s m ay a/s o be placed. AI tern ati ve ly place a tube dra i n 
into the abscess/cyst cavity for continuous suction drainage. 
Exteriorize the end of the drain(s) 2 to 3 cm lateral to the ab¬ 
dominal incision and prepuce. Biopsy the prostatic 
parenchyma. Secure the drains to the skin with cruciate 








su¬ 


tures (e.g. f 3-0 nylon). Lavage the surgical site and the en¬ 


tire abdomen if contamination has occurred. Surround the 




surgical site with omentum and periprostatic fat. Close the 
abdomen routinely Remove drains in 1 to 3 weeks, 










FIG* 28-10 

Prostatic abscesses and cysts may be treated using multiple Penrose drains that exit th 
abdomen in the prepu 


e 
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mation, and periprostatic cyst formation. In one study, 
recurrence of prostatic disease was 18%, urinary tract infec¬ 
tion was 33%, and urinary incontinence was 46% following 
implantation of drains (Mullen et al, 1990). 


A 


PROGNOSIS 


Antibiotics and supportive therapy may resolve small ab- 
sce ss es. L a rgc, u n t re a ted abs cess e s will e ve n r u ally cause s ep - 
ticemia, toxemia, and death. Immediate postoperative mor¬ 
tality may approach 25% (Mullen et al, 1990). It a prostatic 
abscess has ruptured, mortality approaches 50% (Mullen et 
ah 1990), Fair to excellent results are expected if the patient 
survives 2 weeks after surgery. Peritonitis may occur after ab¬ 
scess rupture or surgical contamination, 
omentalization appears good if sufficient omentum is placed 
within the prostate. Subtotal prostatectomy using an ultra¬ 
sonic aspirator has a good prognosis because it provides 
long-term disease resolution. 


prognosis 
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FIG. 28-19 

Omentalization of a prostatic abscess. After 
incisions bilaterally in the lateral aspects of the prostate 
gland, suctioning, exploring and lavaging the abscess 
cavity, introduce omentum through one capsulotomy wound 
with forceps introduced through the contralateral wound (A) 
and then pass omentum around the prostatic urethra, exit it 
through the entry incision, and anchor it to itself with 
absorbable mattress sutures (B). 
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TABLE 28-36 


Short-Term Complications after Prostatic Drainage 


* Shock 

* Hypokalemia 

* Incisional infections 

* Urine leakage 

* Urinary incontinence 


Hypoproteinemia 
Subcutaneous edema 

emia 


PROSTATIC CYSTS 




• Anemia 


DEFINITIONS 


SIS 


A pro static cyst is a non septic, flu id-filled cavity within or 
attached to the prostate. 


COMPLICATIONS 


SYNONYMS 


co mplications fo! I owing 
drainage are provided in Table 28-36. Urine may be voided 
through the drains for a few days if urethral erosion is present. 
Scalding around drains and subcutaneous edema may occur. 
Drains may be prematurely removed by the patient. Subtotal 
prostatectomy may cause shock, urine leakage, and urinary in- 
cont inence. Dea th or ur inary i neon tine nee a re m ore comm o n 
following subtotal prostatectomy than drainage procedures. 

Long-term complications following drainage and resec¬ 
tion include recurrent prostatitis, abscesses, urinary tract in¬ 
fections, urinary incontinence, urethra cutaneous fistula tor- 


short-term 


The most common 


Re ten ti o n cyst , true cyst, cys ti c hyp erp 1 1 is i a? h ert i a tocyst, pa m- 
prostatic and periprostatic cysts are terms used for different 
types of pro static cysts. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Parenchymal pro static cysts occur within or have a physical 
communication with the prostatic parenchyma (Fig, 28-20). 
They are common in dogs and may be associated with he- 
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Physical Examination Findings 

Clinical signs and examination findings due to prostatic 
cysts are similar to those due to prostatic hyperplasia (see 
p. 648). However, periprostatic cysts are asymmetric, fluc¬ 
tuant, and sometimes cause abdominal distention, The 
most common 
mass. Sterile prostatic cysts are not painful. The scrotum 
and testicles should be palpated for evidence of concurrent 
masses, enlargement, or increased sensitivity, which all in¬ 
dicate a Sertoli cell tumor. The perineum is palpated to de¬ 
tect herniation. 


physical finding 


is a palpable abdominal 


Radiography/Uitrasonography 

Prostatic cysts and periprostatic cysts may be difficult to dif¬ 
ferentiate from the urinary bladder without a cystourethro- 
gram. Prostate or cyst wall calcification may be detected on 
plain films. Ultrasonography helps detect and define cavitary 
changes. Periprostatic cysts are usually large anechoic struc¬ 
tures with internal septa. Some communicate with large ane¬ 
choic cavities within the prostatic parenchyma. Ultrasound 
go i de d a sp i ra tes ca n b e ob tamed; howe ve r, b e c a re fu 1 to p re - 
vent iatrogenic peritonitis if infection is likely. 

Laboratory Findings 

Specific laboratory abnormalities are rare. Aspiration of a 
sterile, yellow to serosanguineous fluid with minimal in¬ 
flammation suggests a periprostatic cyst. Cytologic evalua¬ 
tion reveals prostatic epithelial cells and few leukocytes but 
more erythrocytes and h emosi deroph ages than with pro sta¬ 
tic hyperplasia. The presence of numerous squamous ep¬ 
ithelial cells suggests squamous metaplasia. 


FIG. 28*20 

intraoperative appearance of a large prostatlc cyst with 
squamous metaplasia. Note the enlarged, nodular 
crypto re h t d testicle (dorsal) In which a Sertoli cell tumor was 
diagnosed histologically. 


nign prostatic hyperplasia (see p. 648). Their etiology is un¬ 
known, but some are congenital. Sertoli cell tumors or ex¬ 
ogenous estrogens may cause squamous metaplasia, which 
occludes ducts, thus resulting in secretory stasis with pro¬ 
gressive acinar dilation. Cysts coalesce as they enlarge and 
are surrounded by dense collagen that can ossify. Small cysts 
often become confluent, forming larger cavities. Parenchy¬ 
mal cysts are typically found throughout the gland. Histo¬ 
logical y, parenchymal pro static cysts are lined by com¬ 
pressed epithelium (transitional, cuboidal, or squamous) 
and filled with secretory material and cellular debris. 
Periprostatic cysts are rare compared to other types of 
prostatic disease. Periprostatic cysts are adjacent and at¬ 
tached to the prostate but seldom communicate with the 
parenchyma. They may originate from the uterus masculi- 
an embryonic structure derived from the mullerian 
duct system and attached on the dorsal prostatic midline, 
fhese cysts are often large, extending into the perineal fossa 
or abdomen. They may displace and compromise adjacent 
viscera and its function. Periprostatic cysts are usually filled 
with pale yellow to orange fluid; hemorrhage will cause it to 
be brownish-red. Histologically, the wall of a periprostatic 
cyst resembles the wall of a parenchymal cyst (compressed 
epithelium and dense collagen). Some walls are c 
Prostatic cysts may become infected and abscess. 

DIAGNOSIS 

Clinical Presentation 

Signalmen!. Frostatic cysts are most common in older, 
intact male, large-breed dogs. 

History. Dogs are often asymptomatic until the cysts be¬ 
come large enough to cause rectal, bladder, or urethral ob¬ 
struction. Perineal bulge or abdominal distention may occur 
with large cysts. Presenting complaints include depression, 
inappetence, stranguria, dysuria, incontinence, tenesmus, 
and/or bloody penile discharge. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include prostatic abscess, squamous 
metaplasia, neoplasia 


or hyperplasia. 


MEDICAL MANAGEMENT 


Medical therapy includes treatment of constipation and 
urine retention. Stool softeners (see p. 630) may be given and 
the bladder drained by centesis or catheterization as needed. 
Percutaneous drainage by centesis is palliative but may cause 
abscessation. 


Surgical Treatment 

Treatment for small parenchymal cysts is castration. Dogs 
with large cysts should be castrated and lhe cyst either 
drained, resected, or debulked. Incomplete resection may be 
necessary to avoid incontinence. 

Preoperative Management 

Animals with prostatic cysts are generally stable. Periopera¬ 
tive antibiotics are reasonable if marsupialization or a pro¬ 
longed surgery is anticipated. 

Anesthesia 

Anesthetic recommendations for animals undergoing repro¬ 
ductive surgery are provided on p, 612. 
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Positioning 

The ventral abdomen, ventral perineum, and medial thighs 
are clipped and prepared for aseptic surgery. The dog is po¬ 
sitioned in dorsal recumbency for a mid line celiotomy. 


and histopathology. Dissect and resect the cyst wal! without 
damaging innervation or vasculature to the prostate and uri¬ 
nary bladder (see Fig. 28-21). Pack omentum into the cystic 
remnant ond secure it with absorbable horizontal mattress 
sutures [see Fig . 28-21). Lavage and close the abdomen 

finely. 

Marsupialization 

Expose and isolate the prostate 
for drain insertion. Make 

th ro ug h the abdom ina I wa II la ter a I to th e prep uce over the 
abscess/cyst cavity (Fig, 28-22 , A). Excise 0.5 to I cm of 
abdominal muscle (Fig. 28-22 , Bj. Suture the capsule or the 
cyst wall to the external rectus fascia (Fig. 28-22, CJ. Use 
continuous or interrupted 3-0 to 4-0 poiydioxanone, poligle- 

5, or polyglyconate sutures . Facilitate suturing by 
assistant elevate the prostate toward the abdomi¬ 
nal wall, incise the abscess/cyst wall and suction the 
tents , Place a second layer of simple continuous or inter¬ 
rupted sutures (e.g., 3 0 or 4-0 nylon , polypropylene) 
Between the skin edge and capsule/cyst edge (Fig. 28-22, D 
and EJ. Biopsy the prostatic parenchyma. Digitally break 
down trabeculae and fibrous bands to create a confluent 


rou- 


SURGICAL TECHNIQUE 


Castration should be performed and large cysts resected or 
drained. Cystic fluid should he cultured and a prostatic 
biopsy obtained (see p. 627). Nonresectable cysts may be 
drained by omentalization (Fig. 28-2!) or with multiple 
drains (see p. 653). Subtotal prostatectomy (see p. 629) 

marsupialization (below) may be appropriate for recurring 
cysts. 


as described on p. 653 
second incision (5 to 8 cm} 


a 


■ 


Omentalization 

Omentalization of a large parenchyma pro static cyst is per 
formed like omentalization of an abscess, Omentalization of 
a periprostatic cyst differs somewhat from omentalization ol 
an abscess (see p. 653), 

Expose the prostate through a caudal abdominal celiotomy. 
Identify the cyst and make a single stab incision into the cyst 
and aspirate its contents. Take samples for culture, cytology , 
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FIG, 28-21 


single stab 


Omentalization of a periprostatic cyst. A, After exposing the cyst, make 
incision into the cyst and aspirate its contents. Take samples for culture, cytology and 
histopathology. Dissect and resect the cyst wall without damaging innervation or 
vasculature to the prostate and urinary bladder. B, Pack omentum into the cystic remnant 
and secure it with absorbable horizontal mattress sutures. 


a 












. 
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result in a permanent fistula or may close prematurely. Urine 

y be voided through the marsupialization for a few days if 
urethral erosion is present. Adhesions following omentaliza- 

minimized if exposed parenchyma within the pro- 


covi/y, Lavage file cavity and surgical site, place omentum 
around the marsupialization, and close the abdomen in 

three layers. 

An alternative technique is to incise the ventrolateral aspect 
of the cyst/abscess wall and suction the cavity before suturing 
it to the rectus fascia. The ca psule/cyst wall is then sutured 5 
from the incised edge of the cavity to the rectus fascia. 
This variation has a higher risk of abdominal contamination. 


ma 


tion are 

static capsule is oversewn and covered with omentum. 


PROGNOSIS 


The prognosis is good to fair after castration and surgical 
drainage. Some prostatic and periprostatic cysts recur and 
require repeated drainage, but this is rare if the dog is cas¬ 
trated. Recurrence following subtotal prostatectomy 
omentalization is uncommon. Overzealous resection may 

detrusor atony, incontinence, or bladder ischemia. In¬ 
fection of the cyst may occur following marsupialization. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


or 


Analgesics (see Table 28-25 on p, 644) and supportive care 
(c-g-, fluids, electrolytes) should be given as necessary. Mon¬ 
itor closely for shock and infection. Medical therapy may 
manage urine retention, constipation, and discomfort. See 
653-654 for postoperative care and potential co 
tions following prostatic or cystic drain placement. Drains 
should be left in place for 1 to 3 weeks. Marsupialization may 


ca use 


Suggested Reading 

Black GM et ah Prevalence of prostatic cysts in adult, large-breed 
dogs, / Am Anim Hasp Assoc 34:177, 1998, 
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FIG- 20*22 

A, To morsupialize a prostatic cyst or abscess, make a longitudinal incision 
prepuce over the enlarged moss. B, Excise an ellipse of abdominal muscle. C, Suture 
prostatic capsule to the external rectus sheath. Make an incision through the prostatic 
capsule ancTsuture the edge of the capsule to skin (D and I). 
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History. Signs may include weight loss; pelvic limb 
lameness or weakness; tenesmus; dyschezia; urine retention 
or incontinence; stranguria; dysuiia; polyuria; polydipsia; 
hematuria; pelvic limb edema; and abdominal, pelvic* or 
lumbar pain. Prostatic neoplasia may cause marked emacia¬ 
tion and debility. Metastasis may produce other signs (e.g., 
dyspnea). 

Physical Examination Findings 

The animal may be debilitated and weak. Lymph node infil¬ 
tration and lymphatic obstruction can cause pelvic limb 
edema. The prostate may be normal sized, but it is often 
asymmetrically enlarged. Pain* firmness, fixation* and nodu¬ 
lar irregularity are characteristic of prostatic neoplasia. Sub- 
lumbar lymph node enlargement may be detected during 
rectal examination. Skeletal palpation sometimes elicits pain 
secondary to bone metastasis. 

Radiography/Ultrasonography 

Thoracic radiographs should be evaluated for metastasis. Ab¬ 
dominal and pelvic radiographs should be evaluated for pro¬ 
static size and mineralization* lymph node enlargement* colon 
displacement, and osteolytic or proliferative vertebral or 
pelvic lesions. Retrograde urethrocystography may determine 
urethral size and mucosal smoothness, prostatic symmetry, 
and urethroprostatic reflux. Most prostatic tumors involve the 
urethra and trigone. Ultrasonography defines the prostatic 
mass as cystic or solid. It also evaluates abdominal lymph 
nodes. Most prostatic adenocarcinomas are hyperechoic. Pro¬ 
static aspiration and biopsy are facilitated by ultrasound guid¬ 
ance. Nuclear bone scans can locate metastatic sites. 

Laboratory Findings 

Hematology, serum biochemistry profile* urinalysis, urine 

culture* and electrocardiography are used to assess the pa¬ 
tient's condition. Results are nonspecific for prostatic neo¬ 
plasia* although paraneoplastic syndromes and concurrent 
problems may be identified. Anemia, hematuria* and/or 
pyuria maybe detected. Elevated concentrations of total add 
phosphatase (TAP—approximately 21,4 ± 18.9 U/l) and pro- 
static acid phosphatase (PAP^—approximately 11.92:12,8 
U/l) can indicate prostatic cancer (Corazza et al, 1994). 

Fine-needle aspiration of pro static neoplasia may yield a 
moderately cellular sample with abnormal epithelial cells. 
Neoplastic-appearing epithelial cells have large* prominent, 
multiple nuclei with multiple nucleoli and cytoplasmic vac- 
uolation. Additional cytologic criteria for malignancy are 
provided in Table 28-38. Prostatic washes are less reliable in 


Bray TP, White RAS, Williams JM: Partial resection and omentaliza- 
tion: A new technique for management of prostatic retention 


cysts in dogs, Vet Surg 26:202, 1997 


Krawiec DR, Heflin D: Study of prostatic disease in dogs: 177 cases 


(1981-1986), J Am Vet Med Assoc 200:1119, 1992. 

Rawlings CA et al: Use of partial prostatectomy for treatment of pro- 

static abscesses and cysts in dogs, J Am Vet Med Assoc 211:868.1997. 


PROSTATIC NEOPLASIA 


DEFINITIONS 


Prostatic tumors may originate from epithelial tissue (carci¬ 
nomas), smooth muscle tissue (leiomyosarcoma), or vascu¬ 
lar structures (hemangiosarcoma). 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Although prostatic neoplasia is the most common prostatic 
disease in neutered* male dogs, it is still uncommon in dogs 
and rare in cats. Testicular hormones are not believed to 
cause prostatic tumors* but adrenal and pituitary hormones 
may be influential. Most prostatic tumors are adenocarcino¬ 
mas (Table 28-37). Pro static carcinomas are 

and metastasize early to regional lymph nodes (iliac* pelvic, 
and sublumbar), lung, and bone. They frequently invade 
bone, bladder, colon, and surrounding tissues by direct ex¬ 
tension. Other metastatic sites include the 
ney, heart, and adrenal glands. Bone involvement may cause 
pain or pathologic fractures. Hypertrophic osteopathy has 
occasionally been associated with prostatic tumors. Pros tat tc 
enlargement causes compression and partial obstruction ot 
the colon, rectum, and sometimes urethra. Pitting edema of 
the pelvic limbs may occur secondary to lymphatic invasion 
of the tumor. Most tumors involve the trigone and urethra 
and have metastasized at the time of diagnosis. The behavior 
of feline pro static tumors is unknown. 


invasive 


liver, spleen* kid 


DIAGNOSIS 

Clinical Presentation 

Signalmen!. Prostatic neoplasia occurs in both intact 
and neutered males. Medium to large-breed dogs are over¬ 
represented, but there is no obvious predisposition. The av¬ 
erage age of occurrence is 8 to 10 years. 


TABLE 28-37 


Pro static Tumor Types 


ABLE 28-38 


Carcinomas 


Additional Cytologic Criteria of Malignancy 


• Adenocarcinoma 

* Transitional ce 


co ra noma 

• Squamous cell carcinoma 

* Undifferentiated 


* Variation in nuclear and nucleolar size 

* Variable and increased nuclear cytoplasmic ratio 

* Nuclear molding 

* Abnormal mitotic figures 

■ Coarsely dumped chromatin 


Leiomyosarcomas 

Hemangiosarcomas 
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treatment of animals following prostatectomy are described 


obtaining neoplastic cells. Transurethral biopsy may be diag¬ 
nostic if the tumor has invaded the urethra. Biopsy is needed 
for definitive diagnosis. 


on p 


PROGNOSIS 


DIFFERENTIAL DIAGNOSIS 


The prognosis is poor because of metastasis, recurrence, and 
poor quality of life associated with urinary incontinence. 
Hormonal therapy has not been useful in dogs. Most un¬ 
treated dogs are euthanized within 1 to 3 months because of 
progressive clinical signs. 


Differential diagnoses include prostatic hyperplasia, ab- 
seesses, cysts, peri pro sta t i c cysf s, p ro s ta t i t is, rec t al m a s ses, o r 
pelvic masses. It can be difficult to differentiate cancer from 
pro static hyperplasia associated with prostatitis. 


Suggested Reading 


MEDICAL MANAGEMENT 


Efficacy of chemotherapy and radiation therapy has not 
been reported for prostatic tumors. Ketoconazole and 
luteinizing hormone-releasing hormone agonists have been 
suggested, Ketoconazole inhibits testicular and adrenal 
testosterone synthesis. Luteinizing hormone-releasing hor¬ 
mone agonists ultimately decrease FSH, LH, and testos¬ 
terone release. 


Bell RW et al: Clinical and pathologic features of prostatic adeno- 

sexually intact and castrated dogs: 31 cases (1970- 
1987 ),/Am Vet Med Assoc 199:1623, 1991. 

Corazz a M et al: Serum total prostatic and non-prostatic acid phos¬ 
phatase in healthy dogs and in dogs with prostatic diseases, j 

Small Anim Pract 35:307, 1994. 

Hubbard BS, Vulgamott JC, Liska WD: Prostatic adenocarcinoma 
In a cat ,/Am Vet Med Assoc 197:1493, 1990, 

Krawiec DR, Heflin D: Study of prostatic disease in dogs: 177 cases 
(1981 -1986), / Am Vet Med Assoc 200:1119,1992, 


carcinoma in 


SURGICAL TREATMENT 


Treatment is rarely successful. Treatment protocols combin¬ 
ing surgery, chemotherapy, and radiation therapy are being 
investigated, but their efficacy is presently unknown. 


TESTICULAR AND SCROTAL NEOPLASIA 


PREOPERATIVE MANAGEMENT 


Clip and aseptically prepare the ventral abdomen, ventral 
perineum, and medial thighs. 


DEFINITIONS 


Sertoli cells are supporting elongated cells of seminiferous 
tubules that nourish spermatids. Leydig cells are interstitial 
tissue cells, believed to be responsible for internal secretion 
of testosterone. 


Anesthesia 

Anesthetic recommendations for animals undergoing repro¬ 
ductive surgery are provided on p. 612. 

Surgical Anatomy 

Surgi cal an ato my of th e m al e rep ro due t i ve t ra c t i s provided 
on p. 

Positioning 

The patient is positioned in dorsal recumbency for a midline 
celiotomy. The entire ventral abdomen and inguinal area 
should be dipped and prepared for aseptic surgery. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Scrotal tumors are most commonly mast cell tumors 
(MCTsj or melanomas. Mast cells are normal immune 
system cells and are important in inflammatory responses 
to tissue trauma. Cytoplasmic granules in mast cells 
contain heparin, histamine, platelet-activating factor, and 
eosinophilic chemotactic factor. The number and type of 
granules in MCTs depend on the degree of tumor differenti¬ 
ation. Well-differentiated MCTs contain more heparin, while 
undifferentiated tumors have more histamine. The cause of 
MCTs is unknown, although chronically inflamed areas have 
been reported to be at increased risk for tumor develop¬ 
ment. In dogs, 50% of MCTs are malignant, especially those 
in the preputial, inguinal, and perineal areas. Regional 
lymph nodes, spleen, liver, and bone marrow are common 
metastatic sites. MCTs have no distinctive appearance. They 

be raised, hairless, ulcerated, erythematous, well- 
defined, and/or diffuse skin thickenings. Manipulation of 
MCTs may cause degranulation, erythema, and wheal for¬ 
mation. Gastroduodenal ulcers occur in up to 80% of dogs 
with MCTs due to histamine release. Ulcers may cause 
anorexia, vomiting, diarrhea, and/or melena (see p. 363). 
Heparin and proteolytic enzyme release may prolong coagu¬ 
lation and delay wound healing after resection. 


SURGICAL TECHNIQUE 


Castration may temporarily slow tumor growth. Prostatec¬ 
tomy maybe curative if the tumor is diagnosed early. Unfor¬ 
tunately, most tumors are advanced when diagnosed, mak¬ 
ing preservation of trigonal innervation impossible. Such 
dogs often are unacceptable pets after prostatectomy because 
of urinary incontinence. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Analgesics (see Table 28-25 on p. 644) and fluids should be 
given as necessary. The bladder should be decompressed and 
urine diverted for 4 to 5 days with a urinary catheter or evs- 
tostomv tube after prostatectomy (see p, 576). Patients 
should be monitored for urine leakage, incontinence, and/or 
infection. Reevaluation at frequent intervals for local recur¬ 
rence and metastasis is recommended. Complications and 
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TABLE 28-39 


TABLE 28-40 


Scrotal and Testicular Tumors 


Signs of Hyperestrogenism 


Scrotal Tumors 

* Mast cell tumors (MCI) 


Bilateral symmetrical alopecia 

Brittle hair 

Poor hair regrowth 

Thin skin 


Testicular Tumors 


Hyperpigmentation 
Nipple elongation 
Mammary enlargement 


i ce 


Preputial swelling and sagging 
Squatting micturition 
Reduced libido 
Male attraction 
Testicular atrophy 

Prostatic atrophy or cystic enlargement 


Penile atro 


Seminoma 


carcinoma 


* Lipoma 

* Fibroma 

* Hemangioma 

* Chondroma 

* Teratoma 


KlCOSlS 


suggests estrogen-producing metastasis. Sertoli cell tumors 
have a higher rate of metastasis than other testicular tumors. 

Interstitial (Leydig} cell tumors occur in scrotal testes as 
multiple or solitary forms and frequently coexist with Sertoli 
cell tumors. Most interstitial ceil tumors are benign, soft, en¬ 
capsulated, and rarely exceed 1 to 2 cm diameter. Interstitial 
cell tumors may cause the testicle to enlarge but are difficult 
to palpate. On cut surfaces they are discrete, round, tan to 
yellow-orange masses with foci of hemorrhage or cystic 
spaces. Dogs with interstitial cell tumors may be infertile. 
These tumors produce androgens or contribute to andro¬ 
genic hormone imbalance. Perineal hernia, perianal adeno¬ 
mas and hyperplasia, and prostatic disease have been associ¬ 
ated with interstitial cell tumors. 

Seminomas arise from testicular germ cells and occur 
commonly in cry pto rchid and scrotal testicles. They are usu¬ 
ally solitary, but may be multiple, bilateral, and coexist with 
other tumor types. Seminomas can be large, replacing most 
testicular tissue. They are softer than Sertoli ceil tumors with 
a glistening, pinkish gray-tan, multilobulated, unencapsu¬ 
lated cut surface* Signs of feminization rarely occur. They 

metastasize. 


Melanomas originate from melanocytes and melanoblasts, 
cells of neuroectodermal origin. Masses may be brown to 
black or occasionally non-pigmented. Melanomas are more 
common in dogs than cats* Tumors originating in the skin 
tend to be benign. Local recurrence and distant metastasis are 
common with malignant melanomas. Metastasis usually oc¬ 
curs first to the lymph nodes and then to the lungs. 

The most common testicular neoplasms are Sertoli cell tu¬ 
mors, interstitial (Leydig) cell tumors, and seminomas; they 
occur with equal frequency. Other types of testicular tumors 
are rare (Table 28-39). Many old dogs have multiple tumors 
in one or both testicles. Tumors involving scrotal testes are 
usually benign, while those in crypto rchid testes may be ma¬ 
lignant* Metastases are slow growing, but are occasionally de¬ 
tected in the lumbar, deep inguinal, and external iliac lymph 
nodes* Visceral metastasis is rare. Testicular tumors interfere 
with testicular function by invading or compressing seminif¬ 
erous tubules or producing excessive estrogen or testos¬ 
terone. Interstitial cell tumor production of excess testos¬ 
terone may contribute to perianal adenomas, perineal hernia, 
and benign prostatic hyperplasia* Sertoli cell tumors produc¬ 
ing excess estrogens may cause squamous metaplasia of the 
prostate, feminization, and/or myelotoxicity* 

Sertoli cell tumors arise from sustentacular cells. Normal 
and neoplastic Sertoli cells produce estrogenic hormones. 
Sertoli cell tumors are usually solitary but may be multiple 
and bilateral, Sertoli cell tumors are more common in cryp- 
torchid than scrotal testes. Tumors are discrete with expansile 
growth, compressing and destroying surrounding testicular 
tissue. Large tumors may cause distention or destruction of 
the tunic, and growth may extend along the spermatic cord. 
They are firm, multilobulated, and gray-white with areas of 
necrosis, hemorrhage, or cysts* Dogs with Sertoli cell tumors 
often have signs of hyperestrogenism (Table 28-40), espe¬ 
cially those with large tumors* Signs regress with castration 
and tumor removal* Persistence or recurrence of clinical signs 


DIAGNOSIS 

Clinical Presentation 

Signalmen!* Scrotal and testicular tumors are more 
common in dogs than cats. They usually occur in dogs older 
than 10 years; however, tumors in cryptorchid animals may 
occur earlier. Cryptorchidism predisposes to development of 
Sertoli cell tumors and seminomas. Cryp torchid dogs are 
13.6 times more likely to develop testicular tumors than 
normal dogs* Dogs with inguinal hernias are 4.6 times more 
likely, A breed predisposition for developing testicular tu¬ 
mors has not been identified* Dogs predisposed to MCTsin¬ 
clude English bulldogs, English bull terriers, boxers, and 
Boston terriers* 
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History, Affected, asymptomatic animals may present 
for evaluation of a mass that has been seen or felt in the scro¬ 
tal or inguinal areas or for endocrine abnormalities (e.g., 
changes in hair coat, infertility, lethargy, feminization [see 
Table 28-40], perianal tumors, or prostatic disease). 

Physical Examination Findings 

The scrotal skin should be examined for inflammation, nod¬ 
ales, masses, and ulceration. Scrotal skin should be of uni¬ 
form thickness. Both testicles should be evaluated for sym¬ 
metry, firmness, irregularity, scrotal adhesions, and 
sensitivity. Small or deep intraparenchymal testicular tu¬ 
mors are not detectable on palpation, but the testes may be 
firm and hard. If the animal is cryptorch id, the inguinal area 
should be checked for a retained testicle and the abdomen 
for a mass. Enlarged sublumbar lymph nodes and prostate 
maybe detected by rectal examination, The abdomen should 
be palpated for splenomegaly, hepatomegaly, lymph node 
enlargement, and signs of metastasis (i.e«, with MCTs). Ser¬ 
tolicell tumors and seminomas may cause feminization (see 

Table 28-40). 

Radiography/Ultrasonography 

Intraabdominal testicles may be seen radiographically as 
caudal abdominal masses if they are at least twice the diam¬ 
eter of the small intestine. Radiographs also help identify in¬ 
traabdominal lymph node enlargement and organomegaly. 
Ultrasound delineates scrotal and testicular neoplasia, ab¬ 
scess, ischemia, testicular torsion, and scrotal hernia. Testic¬ 
ular tumors have variable echogenicity. 

Laboratory Findings 

Complete laboratory analysis (i.c\, CBC, panel, urinalysis) is 
indicated in animals with scrotal or testicular tumors. Non- 
re gene rathe anemia, leukopenia, and thrombocytopenia 
may be associated with hyperestrogen ism and myelotoxico ¬ 
sis. Fine-needle aspiration cytology of scrotal and testicular 
lesions helps identify neoplastic cells, fungal elements, ab¬ 
normal sperm, bacteria, and inflammation. Fine-needle as¬ 
piration of the testicle is rarely performed, but it can help 
differentiate neoplasia from abscesses or granulomas. Cytol¬ 
ogy of the preputial mucosa may reveal corn ification sec¬ 
ondary to Sertoli cell tumor estrogen production. Fine- 
needle aspiration cytology is usually diagnostic for MCTs. 
Animals with MCTs should be checked for circulating mast 
cells via CBC and bully coat smear. Microcytic-hypochromic 
anemia, especially with hypoalbumineinia, suggests gas¬ 
trointestinal hemorrhage. More than JO mast cells per 1000 
nucleated ceils in the bone marrow are abnormal. Tumor 
histopathology is necessary to grade the tumor and deter¬ 
mine prognosis. Cytology from melanomas usually reveals 
round to spindle-shaped cells, frequently containing brown 
1 1 ;i black g ranul e s. 11 m ay be p os si bl e to co nfuse t h e se L u m o rs 
with fibrosarcoma if granules are not present. 

canis infections may be diagnosed with an 
agar-gel immunodiffusion test. Semen evaluation to deter¬ 
mine fertility is rarely performed when neoplasia is diag- 


TABLE 28-41 


Normal Serum Testosterone Levels in Males (ng/ml) 


0.4-10 
<0.015 
1 . 06.0 


Dog (intact) 
Dog (castrated) 
Cat (intact) 

Cat (castrated) 


<0.5 


From Rosen DK H Carpenter JL: j Am Vet Med Assoc 202:1 865, 

1993. 


nosed. Serum testosterone levels are sometimes elevated 
with interstitial cell tumors (Table 28-41). Sertoli cell tumors 
an d sem i n o m as so metimes l n c reas e ser u m e s t rad i ol co ncen- 

trations. 


DIFFERENTIAL DIAGNOSIS 


Other differentials for testicular masses include sperm gran¬ 
uloma, fibrosis, hematoma, spermatocele, varicocele, orchi¬ 
tis, and epididymitis. Other differential diagnoses for scrotal 
disease include dermatitis, self-trauma, chemical burn, and 
laceration. Brucella canis infection should be considered in 
animals presented for scrotal dermatitis, orchitis, reproduc¬ 
tive failure, epididymitis, or testicular atrophy 


NOTE * Be sure to test for Brucella can is infection in 

dogs with unexplained scrotal or testicular disease. 


MEDICAL MANAGEMENT 


MCTs may respond to chemotherapy or radiation therapy. 
The efficacy of chemotherapy or radiation therapy for other 
scrotal or testicular tumors is unknown. Cisplatin therapy 
may be beneficial in treating aggressive testicular tumors 
(Dhaliwal et al, 1999). 


SURGICAL TREATMENT 


Tumor excision gives the best chance for a good prognosis. 
Removal of both testicles is recommended for testicular neo¬ 
plasia. Castration is described on p. 619. If the owner insists 
on preserving breeding potential, unilateral castration of the 
neoplastic testicle may be performed. The testicles should be 
submitted for histologic examination. Scrotal ablation (see 
p. 620) and castration are recommended to treat scrotal tu¬ 
mors and testicular tumors with scrotal adhesions. Even dis¬ 
crete MCTs extend deep into surrounding tissue; therefore, 
3-cm margins on all sides are recommended. 


Preoperative Management 

Few patients with testicular tumors are debilitated except 
those with myelosnp press ion, testicular torsion, or concur¬ 
rent diseases. Anemic and thrombocytopenic animals may 
need blood transfusions and antibiotics to prevent infec¬ 
tions. An antihistamine (e.g., diphenhydramine [Benadryl], 
0.5 mg/kg intravenously, slowly) should be administered to 
patients with MCTs before surgery to decrease the effects of 


f 


d 







662 PART 111 Soft Tissue Surgery 


dromes and metastasis may become evident or persist fol¬ 
lowing castration. 


tumor histamine release. It may be given intravenously im¬ 
mediately before surgery but should be given extremely 
slowly to avoid hypotension. Alternately, it may be adminis¬ 
tered intramuscularly 30 minutes before anesthetic induc¬ 
tion , An H 2 antagonist (i.e,, ranitidine, rimetidine, or famo¬ 
tidine) or a proton pump inhibitor (i.e., omeprazole) will 
reduce gastric acid secretion and decrease the incidence and 
severity of gastrointestinal ulceration. Sucralfate may be 
given for existing ulcers (Table 28-42), Sucralfate should be 
given 1 hour after administration of other oral medications 
bee a u se it rn ay i n ter fe re with their abso r ption. 

Anesthesia 

Anesthetic recommendations for animals undergoing repro¬ 
ductive surgery are provided on p. 612, 

Positioning 

Position the patient in dorsal recumbency for a prescrotal 
castration or an exploratory laparotomy. The entire ventral 
abdomen should be clipped and prepared for exploratory la¬ 
parotomy; see p. 619 for surgical preparation recommenda¬ 
tions for animals undergoing castration. 


PROGNOSIS 


Surgery is curative for most testicular tumors. The progno¬ 
sis for interstitial cel! tumors, Sertoli cell tumors without 
metastasis or myelotoxicity, and seminomas without signs of 
hyperestrogenism is excellent. Myelotoxicity may be fatal de¬ 
spite appropriate therapy but usually improves within 2 to 3 
wee ks of t u mo r removal. Ch em or lie rapy can be 1 nsti t u ted i f 
Sertoli cell tumors or seminomas have metastasized. Low- 
grade MCTs are less likely to recur or metastasize. Nonre¬ 
sect able or incompletely resected MCTs may respond to ra¬ 
diation therapy or chemotherapy. Efficacy of nonsurgical 

treatment modalities for other tumors is unknown. 
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Castration and scrotal ablation are described on pp« 619 and 

620, respectively. 


POSTOPERATIVE CARE AND 
ASSESSMENT 


HYPOSPADIAS 


Analgesics (see Table 28-25 on p. 644) and supportive care 
should be given as necessary. Patients with MCTs should be 
continued on an H 2 antagonist, proton pump inhibitor, 
and/or protectant if gastrointestinal ulceration occurs (see 
Table 28-42). Adjunctive therapy for malignant tumors may 
prove beneficial. Patients with malignant tumors should be 
reevaluated every 3 to 4 months for recurrence or metasta¬ 
sis, Complications associated with paraneoplastic syn- 


DEFINITION 


Hypospadias is a developmental anomaly in males where 
t h e u ret h r a op en s vent ral and caudal to the n o rtn a 1 0 rifice. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Hypospadias is rare, and many affected animals have other 
congenital or developmental anomalies. It occurs as a result 
of failure of the genital folds and genital swellings to fuse nor¬ 
mally during fetal development. This causes abnormal devel¬ 
opment of the penile urethra, penis, prepuce, and/or scro¬ 
tum. Hypospadias is accompanied by hypoplasia of the 
corpus caver nosum urethra. The urethra opens anywhere 
along its length at one or more locations. 1 hypospadias is clas¬ 
sified based on the location of the urethral opening as glan¬ 
dular, penile, scrotal, perineal, or anal. The prepuce is simi¬ 
larly affected and vent rally incomplete. In some cases the 
penis may be underdeveloped and abnormal (ventral or cau¬ 
dal deviation and blunt) and the scrotum may be divided, 
Urine may pool within the prepuce, causing irritation and in¬ 
fection of the penis and preputial lining (balanoposthitis). 


TABLE 28-42 


Medical Therapy of Gastroduodenal Ulcers 


Sucralfate (Oarafate) 

0.5-1.0 g PO, tid to qid 


Cimetidine (Tagamet) 


5-10 mg/kg PO, IV or SC, tid to qid 


Ranitidine (Zantac) 


2 mg/kg PO, IV, IM, SC, bid 


Famotidine (Pepcid) 


0.5 mg/kg PO, sid to bid 


Omeprazole (Prilosec) 


NOTE * Do not use animals with hypospadias for 

breeding. 


0.7-1 ,5 mg/kg PO, sid to bid 
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Anesthesia 

Surgery on pediatric patients should be delayed until they 
are approximately 8 weeks old. Recommendations for anes¬ 
thetic management of neonates for reproductive surgery are 
provided on p. 612, 

Surgical Anatomy 

Surgical anatomy of the penis is provided on p. 615. 

Positioning 

Dorsal recumbency is recommended unless the urethra 
opens in the perineal or anal regions and a perineal position 
is preferred. The ventral abdomen, medial thighs, and ven¬ 
tral perineum should be clipped and prepared for aseptic 
surgery 


DIAGNOSIS 

Clinical Presentation 

Signal merit* Breed predisposition has not been docu¬ 
mented. The defect is present at birth. 

History* Small defects and those occurring in the glans 
may not cause problems. Some patients with hypospadias of 
the glans and abnormal preputial development may present 
because of a chronically exposed penis. Larger and more 
caudal urethral openings cause urine pooling within the pre¬ 
puce or dermatitis due to urine contact, A preputial dis¬ 
charge may occur. There may be a history of urinary incon¬ 
tinence or infection. 

Physical Examination Findings 

Skin irritation or preputial inflammation may be identified. 
The preputial opening may be incompletely formed and the 
scrotum divided. The penis should be completely extruded 
from the prepuce and examined, A fibrous band may be 
noted running from the glans to the urethral opening and 
deviating the penis. The urethral opening is identified on the 
ventral aspect of the penis along the normal urethral path. 

Radiography 

Radiographs are unnecessary* but they occasionally identify 
other congenital anomalies. 

Laboratory Findings 

Urine culture may be positive. Other laboratory results are 
nonspecific. 


SURGICAL TECHNIQUE 


Prepuce Reconstruction 

fodse the mucocutaneous junction on the caudoventral as¬ 
pect of the prepuce (Fig. 28-23). Separate mucosa from 

skin. Reappose the mucosa beginning of a more cranial lo¬ 
cation with simple interrupted sutures fag,, 4-0 to 6-0 poly¬ 
dioxanone, poliglecaprone 25 ; or polyglyconate). Appose 
skin with a second layer of simple interrupted sutures (e.g., 
3-0 or 4-0 nylon, polybutester, or polypropylene), if this cre¬ 
ates an orifice fhot is too small to allow penile extrusion , in¬ 
cise the dorsocronial aspect of the prepuce and suture the 

to the skin on each side with interrupted sutures 
(e.g., 4-0 nylon , polybutester, or polypropylene). 


mucosa 


Urethral Reconstruction 

Expose the defect by extrusion of the penis from the prepuce 
by midline perputiotomy . Close small urethral defects by 
incising the margins of the defect and apposing the urethra/ 
edges over a urethral catheter. Use 4-0 to 6-0 monofilament 
absorbable suture (e.g., polydioxanone, polyglyconate , 
poliglecaprone 25) in a simple interrupted or continuous 
pattern. Close skin over the urethral repair with 3-0 or 4-0 
nonabsorbable suture (e.g., nylon or 
an oppositional pattern . 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include pseudohermaphrodite, true 
hermaphrodite, urethral fistula or trauma, persistent penile 
frenulum, and pen il e hyp op las ia, 


or 


MEDICAL MANAGEMENT 


Urine scalding should be treated with frequent bathing and 
application of water-impermeable ointments near the ure¬ 
thral opening. The penile mucosa should be kept moist with 
ointments. If urine pooling occurs, the prepuce should be 
flushed daily with physiologic saline solution. 


polypropylene) using 


Subtotal Penile Amputation 

Make an elliptical incision around the prepuce , penis, and 
scrotum preserving adequate skin for closure (E/g, 28-24, A). 
Dissect the penis from the body wall from cranial to caudal 
(Fig. 28-24 , BJ, Ligate or cauterize preputial vessels. Perform 
a castration as with scrotal ablation (see p. 620 J. Locate and 
I iga te th e dorse I pen ile ves set $ j us t c a uda I to the de si red a m - 
putation site , Perform a urethrostomy; scrotal urethrostomy 
(see p. 582) is preferred. Reflect or transect the retractor pe¬ 
nis muscle , Make 
catheter. Place a circumferential catgut ligature around 
the penis just caudal to the proposed amputation site 
and just cranial to the urethrostomy site. Amputate the penis 

in a wedge fashion (Fig. 28-24 , C). Appose the tunica al¬ 
buginea to close the end of the penis with 3-0 or 4-0 ob - 


SURGICAL TREATMENT 


Abnormal urethral openings near the penile tip may not re¬ 
quire surgery. In other cases, reconstruction (with or without 
penile amputation) is advised. Preputial reconstruction is 
needed in patients with an incompletely formed preputial ori¬ 
fice and hypospadias at the glans. Constant penile exposure is 
prevented by closing the preputial orifice to its normal extent. 
Excision of the external genitalia is recommended for major 
developmental defects involving the urethra, prepuce, and pe¬ 
nis, Penile amputation is also indicated for severe trauma and 
neoplasia. Neutering affected animals is recommended. 


midline urethral incision over the 


Preoperative Management 


A preoperatively placed urethral catheter facilitates urethra! 


soffaabfe suture (e.g. f polydioxanone, poliglecaprone 25, or 


identification. 




p 
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i rr 


FIG- 28-33 


accomplished by incising the 


Preputial reconstruction to narrow the 
mucocutaneous junction [dashed line) and reapposing mucosa and skin 

beginning at □ more cranial location. 


in separate layers 


and dehiscence are potential incisional complies 


polyglyconate). Appose urethral mucosa to skin at the ure* 
fh rostomy site with simple interrupted 4-0 to 6*0 oh sorb able 
or nonabsorbable sutures (e.g,, polydioxanone , polygly- 
conate, poliglecaprone 25 t poiybu tester, polypropylene , 
ylon) (Fig . 28-24 f DJ. Close subcutaneous tissue and skin 
cranial and caudal to the urethrostomy in two layers (Fig, 


seroma, 

tions. Urethral or preputial reconstruction may cause stric- 

formation. Urethral stricture may interfere with urine 
flow and produce obstruction. Preputial stricture may pre¬ 
vent extrusion of the penis. 


l u re 




n 


PROGNOSIS 


28-24, Ej 


Hypospadias is not life-threatening; however, penile expo¬ 
sure and urine-induced dermatitis cause discomfort. Sur¬ 
gery usually salvages an animal as a pet, improves cosmesis r 
and reduces urine-induced dermatitis. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Analgesics should be given as necessary (see Table 28-25 on 
644} and urination monitored by observing for a nonre- 
stricted urine stream. Hemorrhage may occur from cav¬ 
ernous tissue for days, 
nation. Hemorrhage may be minimized by keeping the 

animal quiet and calm during the early postoperative period. 
An Elizabethan collar, bucket, or sidebars should be used to 
prevent self-trauma. Hemorrhage, urine leakage, infection, 


?■ 
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especially during excitement or un- 


—■ 


Hayes AG et al: A preputial splitting technique for surgery of the ca¬ 
nine penis, / Am Artim Hosp Assoc 30:291, 1994. 

Smith MM, Gourley IM: Preputial reconstruction in a dog,/Am 
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PHIM OS/S 


lavaged daily with physiologic saline solution to reduce urine 
scalding. 


DEFINITION 


SURGICAL TREATMENT 


Phimosis is the inability of the penis to protrude from the 
prepuce or sheath. 


Phimosis caused by a developmental anomaly or stricture 
is managed by reconstruction of the preputial orifice. 
The goai of surgery is to enlarge the preputial orifice and 
allow unrestricted movement of the penis in and out of the 
prepuce. 


SYNONYMS 


Preputial stenosis 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


NOTE • Recommend neutering animals with small 
preputial openings. 


Phimosis is rare. It is usually the result of a preputial open¬ 
ing that is too small or absent. Phimosis may be develop¬ 
mental or a result of trauma. It may also occur secondary to 
penile or preputial neoplasia or preputial cellulitis. Inability 

to extrude the penis causes preputial irritation and infection 
secondary to urine pooling within the prepuce. Bab 
anoposthitis causes preputial discharge. 


Preoperative Management 

The prepuce should be lavaged with a dilute antiseptic solu¬ 
tion before surgery and a urinary catheter placed to divert 

urine. 


Anesthesia 

Anesthetic recommendations for animals undergoing repro¬ 
duct ive s u r ger y a re provided on p. 612. 

Surgical Anatomy 

Surgical anatomy of the male reproductive system is pro¬ 
vided on p, 615. 

Positioning 

The patient is positioned in dorsal recumbency and the 
end of the prepuce clipped and prepared tor aseptic 

surgery. 


DIAGNOSIS 

Clinical Presentation 

Signalment. there is no known breed predisposition. 
Congenital phimosis is recognizable in neonates but may 
go undetected for months. Acquired phimosis may occur at 
any age. 

History, Affected animals may dribble urine or be un¬ 
able to copulate. Animals without a preputial opening can¬ 
not void urine appropriately and have preputial swelling. 

Physical Examination Findings 

Affected animals have a small or nonexistent preputial 
opening. There may be evidence of previous preputial 
trauma, and a purulent or hemorrhagic preputial discharge 
is common. The prepuce may be distended with urine* in¬ 
flamed* and infected. Manual extrusion or palpation of the 
penis may reveal a mass preventing advancement of the 
penis. 


SURGICAL TECHNIGUE 


Enlarge the preputial opening by making a full'thickness in¬ 
cision at the craniodorsal aspect of the prepuce. Determine 
the desired length and width of the preputial incision based 
on the severity of phimosis, Remove a small wedge (3 to 5 
mm) of prepuce with the base at the mucocutaneous junction 
(Fig . 28-25, AJ. Appose mucosa to the ipsilateraf skin edge 

on each side with a simple interrupted suture pattern (eg., 

4-0 to 6-0 polydioxanone, poliglecaprone 25, or polygly- 
conate) (Fig, 28-25, B and Cj. Extrude the penis completely 
to examine for other developmental defects, in/cries, or 
masses . Amputate the tip of the prepuce if stenosis is too 
long to be relieved by incision and adequate preputial length 
can be maintained. "M 


Radiography 


Radiographs are unnecessary unless neoplasia is suspected. 


Laboratory Findings 

Results of laboratory tests are nonspecific. Preputial cytology 
may reveal inflammation and infection. Bacteria maybe cul¬ 
tured from the prepuce. 


Amputation may cause a shortened prepuce, allowing 
chronic penile protrusion and exposure. 

Identify the site of resection and amputate the preputial tip 
(Fig. 28-26, A). Circumferentially appose preputial mucoso 
to skin with a simple interrupted or continuous suture pat¬ 
tern (e g., 4-0 to 6-0 polydioxanone, poliglecaprone 25, 
or polyglyconate) (Fig, 28-26, B and Cj . Neuter affected 

animals. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include penile hypoplasia and her¬ 
maphroditism. 


MEDICAL MANAGEMENT 


Phimosis caused by an inflammatory or infectious disease 
may be relieved by warm compresses, antibiotic therapy, and 
urine diversion with a catheter. The prepuce should be 







FIG. 28-25 


A, For 


to the ipsilateral skin edge on each side. 
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FIG. 28*36 


A, To enlarge the preputial orifice, resect the tip of the prepuce and suture preputial 
mucosa to skin (B and C), 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


of the corpus spongiosum and necrosis. A moderately com¬ 
promised, chronically protruded penis will become dry* fis¬ 
sured, and cornified, 


Analgesics and supportive care should be given as needed. 
Warm compresses and antibiotics may be used to treat bal- 
anoposthitis. An Elizabethan collar, bucket, or sidebars 
should be used to prevent self-trauma. Phimosis may persist 
if the incision is not long enough. Persistent protrusion of 
the glans may occur if the ventrocaudal prepuce is incised. 
Self-trauma may cause dehiscence and stricture formation. 


DIAGNOSIS 

Clinical Presentation 

Signalment, The condition occurs more often in dogs 
than cats. Sexual hyperactivity preceding paraphimosis may 
be noted in young dogs. 

History, Paraphimosis can result from priapism, mas¬ 
turbation, or excessive sexual activity. Canine paraphimosis 
occurs most commonly after an erection. It may occur in 
long-haired cats if the penis becomes entangled in hairs. It 
may also be associated with posterior paralysis or the inabil¬ 
ity of preputial muscles to pull the prepuce over the penis af¬ 
ter an erection. 


PROGNOSIS 


Without surgery, balanoposthitis may become severe and 
cause discomfort. A second surgical procedure may be nec¬ 
essary after the animal matures. 


PARAPHIMOSIS 


Physical Examination Findings 

Paraphimosis is diagnosed by visual inspection. The ex¬ 
posed, swollen, edematous penis is painful (see Fig. 28-27). 

The traumatized penis may be fissured, lacerated, and/or 
bleeding. The animal may require sedation or anesthesia be¬ 
fore penile examination. The severity of penile trauma and 
vascular compromise should be determined. Fhe prepuce 
should be evaluated to determine whether it is too short or 
whether the orifice is too small or too large. The retracted 
penis should normally be covered by at least 1 cm of prepuce 
cranial to its termination. 


DEFINITION 


Paraphimosis is the inability to retract the penis into the 
sheath/prepuce. Priapism is persistent erection of the penis 
without sexual excitement. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Paraphimosis may he associated with copulation, trauma, 
penile hematoma, neoplasia, or foreign bodies. The penis 
may he unable to retract within the prepuce because the 
edges of the prepuce roll inward or the preputial orifice is 
too small to accommodate the swollen or engorged penis. 
Initially the penis appears normal. However, when the penis 
cannot be retracted, it is easily traumatized and circulation is 
impaired. Impaired circulation causes the penis to become 
edematous, which further compromises circulation (Fig. 
28-27). Vascular engorgement may progress to thrombosis 


Radiography 


Radiographs are unnecessary unless urethral trauma is 
suspected. 


Laboratory Findings 

Laboratory findings are nonspecific. 


DIFFERENTIAL DIAGNOSIS 


Paraphimosis must be differentiated from priapism, vascular 
thrombosis, chronic urethritis, stretching or weakness of the 
retractor penis muscles, and hypoplastic or surgically dam¬ 
aged preputial muscles. Mechanical, vascular, or neural 
causes should be suspected when the penis is easily reduced. 


MEDICAL MANAGEMENT 


Initially, the prepuce should be pulled back until it unfolds 
and the preputial mucocutaneous junction is identified. This 
allows restoration of penile circulation and resolution of 
edema. The penis should be examined carefully for con¬ 
stricting foreign bodies and the protruded, edematous penis 
cleaned with warm physiologic saline solution or water. To 
reduce edema, gently massage the penis and apply a hyper¬ 
tonic or hygroscopic agent (e.g„ sugar). Corticosteroid and 
diuretics may reduce edema after the constriction is relieved. 
When swelling has decreased, the prepuce should be flushed 
with a mild antiseptic soap or lubricant, and the preputial 
edges dilated or retracted, thus allowing the penis to retract 
within the prepuce. 


FIG, 28-27 

Penile trauma, inflammation, and edema secondary to 
paraphimosis. 
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Surgical Anatomy 

The prepuce covers the nonerect penis in dogs and cats. The 
dog s prepuce should normally extend approximately 1 cm 
beyond the end of the penis. 

Positioning 

Position the patient in dorsal recumbency. Clip the prepuce 
and surrounding skin and prepare them for aseptic surgery. 


SURGICAL TREATMENT 


Patients with acute paraphimosis are often managed conserv¬ 
ative ly, Others may require preputial retonstruction or pe;n i Ie 
amputation. A prepuriotomy may be necessary to allow re¬ 
traction of the penis into the prepuce if conservative measures 
fail. If the prepuce is of adequate length and the orifice too 
large, narrow it (see Fig. 28-23). Enlarge the preputial opening 
if the prepuce is of adequate length and the orifice too small 
(see Figs. 28-25 and 28-26). When the prepuce is too short, it 
may be lengthened o r th e pe n i s m ay be a mputated (see Fig. 
28-24), Preputial deficiencies of less than I to 2 cm may he 
corrected by cranial advancement of the prepuce. Partial am¬ 
putation of the penis is indicated for severe trauma or abnor¬ 
malities of the penis or prepuce, neoplasia, recurring urethral 
prolapse, and recurring paraphimosis. Partial penile amputa¬ 
tion is applicable when the site of transection is cranial to the 
caudal end of the os penis. Castration is recommended to pre¬ 
vent recurrence of paraphimosis due to sexual activity. 


SURGICAL TECHNIQUE 


Preputiotomy 

Make a full-thickness dorsal or ventral linear incision in the 
prepuce, if the preputial orifice is of norma! size f anatomi¬ 
cally reappose mucosa (e.g., 4-0 to 6-0 polydioxanone, 
potiglecoprone 25 , or polyglyconate , approximating su¬ 
tures) and skin (e,g„ 3-0 or 4-0 nylon, polyhutester, or 

polypropylene, approximating sutures) in separate layers. 


Preputial Lengthening 

Lengthen or translocate the prepuce cranially by resecting a 
crescent-shaped piece of skin from the body wall just crania! 
to the prepuce (Fig. 28-28, AJ. Preserve the preputial vessels, 
identify the preputial muscles and shorten them by overlap¬ 
ping and suturing or segmental excision and reapposition 
(Fig. 28-28, Bj, Close subcutaneous tissues and skin in two 
layers to further advance the sk in cranially (Fig. 28-28 > C), 


NOTE * Castration may prevent recurrent paraphi¬ 
mosis caused by sexual activity. 


Preoperative Management 

See the discussion on medical treatment above. 


Anesthesia 

Anesthetic recommendations for animals with reproductive 
disorders are provided on p. 612. 


Preputial 


muscles — 


1 


1 


FIG. 28-26 

A, Lengthen the prepuce by removing a crescent-shaped piece of skin cranial to the 
prepuce, shortening the preputial muscles (B), and advancing the prepuce cranially (C), 
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tourniquet caudal to the proposed amputation site. Moke a 
lateral “V" incision through the tunica albuginea and cav- 
e rnous 

28-29 , A). Transect the os penis with bone cutters os far cau¬ 
dal ly as possible, being careful not to traumatize the urethra 

lFig l 28-29\ %}. Transect the urethra I to 2 cm cranio! to the 

penile transection and spatulate the dorsal aspect. Identify 
and ligate the dorsal artery of the penis after loosening the 
tourniquet Fold the spatulated urethra over the transected end 
of the penis (Fig. 28-29, C). Appose urethral mucosa to tunic 


Alter natively, the prepuce can be lengthened with a 

two-stage procedure in which oral mucosa is transplanted 
cranial to the prepuce and later rolled into a tube to cover 
the end of the penis (Smith and Gourley, 1990). 

Partial Penile Amputation 

Place a urethral catheter to facilitate orientation and prevent 
urethral trauma. Extrude the penis from the prepuce and 
maintain this position by snugly closing the preputial orifice 
around the penis with a towel clamp. Place a Penrose drain 


on each side of the urethra and os penis 
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FIG. 28-29 

A f During partial penile amputation, retract the prepuce, place a tourniquet around the 
penis, and make a lateral V incision through the tunica albuginea and cavernous tissue. 

B, Transect the os penis as far caudal as possible, C, Transect the urethra 1 to 2 cm 

and spatulate the end, D 7 Appose urethral mucosa to the 
tunica albuginea. £, Shorten the prepuce to allow extrusion of the distal penis by removing 
a full'thickness segment from the midsection. 




cranial to the penile transection 
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Chapter 28 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


oibugMeo; include some cavernous tissue with each bite (Fig. 

28-29, DJ. Use 4-0 to 6-0 polydioxanone, poliglecaprone 25, 

or polyglyconate with a swaged-on, taper point needle in a 
simple-interrupted or continuous pattern . Shorten the prepuce 
if e new pen tie tip cannot be extruded from the prepuce; th e 

prepuce should extend approximately 1 cm cranial to the re¬ 
tracted penis. 

fteseef on ellipse of prepuce approximately the some length 

os tfje amount of penis that was amputated (Fig. 28-29 f Ej, 
Mote on elliptical , fro ns verse, full-thickness incision in the 
mid-portion of the prepuce (beginning approximately 2 cm 
caudal to the cranial junction of the prepuce and body 
wall). Remove this ventral skin and mucosa/ segment, reflect 
the penis caudally ; and resect a similar segment of dorsal 
preputial mucosa. Close the defect by first apposing the dor¬ 
sal and then ventral preputial mucosa 
monofilament absorbable suture (e.g., polydioxanone , 
poliglecaprone 25, or polyglyconate) in a simple inter¬ 
rupted or continuous pattern. Then appose skin with ap¬ 
proximating 3-0 or 4-0 nonabsorbable sutures /e.g., nylon , 

polypropylene, polybu tes ter ) . 


The prepuce and penis may be traumatized by animal bites, 
vehicular or other accidents, and human attacks (Fig. 28-30), 
Trauma may cause penile hematomas or os penis fracture. 
The hematoma swelling may cause the penis to protrude. 
Lacerations or punctures may bleed for days. 

Neoplasms commonly found on skin occur on the prepuce 
(Table 28-43). Neoplasms of the penis and mucosal lining of 
the prepuce include transmissible venereal tumors (TVTs), 
squamous cell carcinoma, hemangiosarcoma, and papillomas. 
TVTs are contagious and are spread by sexual contact or lick¬ 
ing. They are wartlike, friable, and bleed easily (Fig. 28-31). 


with 4-0 or 5-0 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Analgesics should be given as necessary; an Elizabethan 
collar, bucket, or sidebars should be used to prevent 
self--trauma. Dehiscence, stricture, infection, and recurrence 
a re potential complications of treatment. Hemorrhage usu¬ 
ally occurs during urination or excitement for several days 
after penile amputation. Ventral preputial incisions may lead 
to chronic exposure of the glans penis. Preputial advance¬ 
ments may relax pos toper a lively, allowing the distal penis to 
be reexposed. 


FIG* 28-30 


Penile necrosis that occurred after trauma and necessitated 
partial penile amputation and preputial reconstruction. 


PROGNOSIS 


The prognosis with manual reduction or reconstruction plus 
castration is good; however, recurrence is common if the an¬ 
imal is not castrated. 


Reference 


Smith MM, Gourley IM: Preputial reconstruction in a dog, / Am 
Vit Med Assoc 196:1493,1990. 


FIG. 28-31 

Penile transmissible venereal tumors. 


Suggested Reading 


TABLE 28-43 


Gimn-Maore DA et al: Priapism in seven cats, j Smalt Anim Pmct 


P rep utial Tu m o r s 


36 : 262 , 1995 . 


Benign 

* Hemangiomos 

* Papillomas 

* Histiocytomas 

Malignant 

* Melanomas 

* Mast cell tumors 

* Hemangiosarcomas 

* Squamous cell carcinomas 


PENILE AND PREPUTIAL TRAUMA 
AND NEOPLASIA 


DEFINITIONS 


A penile hematoma is a localized collection of blood that ac¬ 
cumulates secondary to laceration or puncture of the cav¬ 
ernous tissues. 
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DIAGNOSIS 

Clinical Presentation 

Signal merit* Trauma and tumors are more common in 
intact males. Young animals are more commonly trauma¬ 
tized; old animals more commonly have tumors* 

History* Signs of penile or preputial disease include a 
sero sanguine Oils, hemorrhagic, or purulent preputial dis¬ 
charge, inability or unwillingness to copulate, and/or pain. 
Some animals present with phimosis (see p* 666) or para¬ 
phimosis (see p. 668). The urethra may be obstructed or lac¬ 
erated, causing dysuria, anuria, or urine extravasation. Many 
dogs are asymptomatic. 

Physical Examination Findings 

An injury or abnormal mass may be detected on physical ex¬ 
amination* The prepuce may appear swollen, inflamed, 
nodular, lacerated, ischemic, and/or necrotic. Abnormalities 
involving preputial skin are usually apparent; preputial 
cosal lesions may be detected only by palpation* It may be 
impossible to exteriorize the penis for examination if there is 
a mass within the prepuce or on the penis. In other cases, 
paraphimosis is present because of injury causing inflam¬ 
mation, edema, and engorgement (or a mass prevents penile 
retraction)* Penile deviation may occur secondary to trau¬ 
matic fractures of the os penis. Rectal palpation may reveal 
enlarged lymph nodes* 

Rad tog raphy/U Itra sonography 

Radiographs of the abdomen and thorax are indicated to 
stage tumors. Plain radiographs may reveal os penis frac¬ 
tures. A urethrogram helps assess urethral involvement with 
penile trauma or tumors. 

Laboratory Findings 

Laboratory results are nonspecific for penile trauma or neo¬ 
plasia. Cytology of preputial discharges may show toxic neu¬ 
trophils, excess bacteria, fungi, or foreign material, but these 
findings must be interpreted cautiously because they can be 
found in normal animals. Cytology of preputial or penile 
masses may help identify the tumor type. Transmissible 
venereal tumors have large round cells with numerous mi¬ 
totic figures. 


SURGICAL TREATMENT 


Transmissible venereal tumors respond well to chemother¬ 
apy or radiation therapy; however, other tumors should be 
resected. Partial or complete penile amputation is necessary 
for severely traumatized, necrotic, or neoplastic lesions (see 
pp* 663 and 670). Hematomas causing persistent paraphi¬ 
mosis can be surgically exposed and evacuated; however, 
they may recur. Os penis fractures with minimal displace¬ 
ment require no surgery. Displaced fractures maybe splinted 
with an indwelling polypropylene urethral catheter span¬ 
ning the os penis and sutured to the tip of the urethra. More 
comminuted fractures may be stabilized with small plates, or 
th e p enis may be amputated. 


Preoperative Management 

The prepuce and penis should be lavaged with dilute anti¬ 
septic solutions. Antibiotics should be given if the penile or 
preputial tissue is severely damaged or necrotic. 

Anesthesia 

Anesthetic management of animals undergoing reproduc¬ 
tive surgery is provided on p. 612* 

Surgical Anatomy 

Surgical anatomy of the male reproductive tract is provided 
on p* 615. 

Positioning 

Position the patient in dorsal recumbency. The ventral ab¬ 
domen, ventral perineum, and medial thighs should be 
clipped and prepared for aseptic surgery. 


SURGICAL TECHNIQUE 

Preputial Lacerations 


Dehride, lavage, and oppose preputial lacerations. Close 
full-thick ness injuries in two layers , first apposing the 
preputial mucosa (e.g., 4-0 to 6-0 polydioxanone, poligle- 
caprone 25, or polyglyconate) and then skin fag., 3-0 or 
4-0 nylon , polybutester or polypropylene) with approxi¬ 
mating sutures. Hematomas that cause persistent para¬ 
phimosis can be surgically exposed and evacuated. Incise 
the funic albuginea over the hematoma . Remove blood 
clots and fibrin. Lavage the cavity and snugly appose the 
tunic albuginea. Take care to maintain an adequate 

preputial orifice and length when reconstructing preputial 

lacerations. i 


DIFFERENTIAL DIAGNOSIS 


Hematomas, abscesses, granulomas, and fungal infections 
may cause similar lesions. 


Penile Lacerations or Punctures 

Suture the tunica albuginea to close penile lacerations or 
punctures and minimize hemorrhage; during excitement or 
urination. Use 4-0 to 6-0 absorbable (e.g., polyglyconate or 
polydioxanone), simple interrupted sutures an a swaged-on , 

taper-point needle. 1 


MEDICAL MANAGEMENT 


Some injuries heal spontaneously. Penile hematomas 
should be allowed to resolve spontaneously, unless they 
cause persistent paraphimosis. Transmissible venereal tu¬ 
mors are treated with vincristine, 0.5 mg/nr intravenously, 
or 0.025 mg/kg up to 1 mg intravenously, weekly for 3 to 6 
weeks. Alternatively, radiation therapy has been shown to 
be effective against transmissible venereal tumors resistant 
to chemotherapy and at metastatic sites (Rogers et al, 

1998)* 


Bleeding from small penile punctures or lacerations dur¬ 
ing penile engorgement is minimized by suturing the tunica 

albuginea. 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


HSSD, (4 ml/kg [7.82 ml/lb] of body weight* TV) and 7 dogs 


received ISS (32 ml/kg [ml/lb]* IV) during a 5-minute pe¬ 
riod. Intravenous administration of small volu mes of HSSD 


Analgesics and antibiotics should be given as needed and the 
animal monitored for hemorrhage and/or urine leakage. An 
Elizabethan collar, bucket, or sidebars should be used to pre¬ 
vent self-trauma. Reevaluation for tumor recurrence or 
metastasis should be performed every 3 to 4 months for I 
year. Hemorrhage, seroma, infection, urine leakage, dehis¬ 
cence, stricture, recurrence, and metastasis are potential 
complications. Urethral obstruction may occur due to callus 
formation following os penis fractures. 


to dogs with septic shock secondary to pyometra resulted in 
improvement of hemodynamic and oxygenation status. Al¬ 
though cardiac output, cardiac index, and oxygen delivery 
improved after administration of a volume of ISS equal to 8 

times that of HSSD, MAP increased to >80 nun Hg only af¬ 
ter treatment with HSSD. Administration of HSSD may be 
an effective treatment for septic shock in dogs. 


Funkquist PME, Nyman GC, Lofgren AMf, Fahlbrink EM: 

Use of propofol-isoflurane as an anesthetic regimen for 
cesarean section in dogs, J Ant Vet Med A$5ot211:313 s 1997. 

A prospective study was designed to evaluate the use of 
propofol-isoflurane as an anesthetic regimen for cesarean 
section in dogs and to compare this protocol with epidural 
analgesia and anesthesia induced with thiopental sodium. A 
total of 141 dogs were studied. Survival rate for puppies from 
dams induced with propofol-isofLurane was similar to that 
for puppies from dams receiving epidural analgesia. Survival 
rate for puppies delivered by cesarean section performed on 
dams under general anesthesia was higher than for dams in¬ 
duced with propofol than for dams induced with thiopental 
sodium. The authors concluded that general anesthesia in¬ 
duced with propofol and maintained with isoflurane is ac¬ 
ceptable for performing cesarean section in dogs. 

Howe LM: Short-term results and complications of prepu¬ 
bertal gonadectomy in cats and dogs, / Am Vet Med Assoc 
211:57, 1997. A prospective randomized study 
formed to determine the short-term results and complica¬ 
tions of prepubertal gonadectomy in cats and dogs. A total 
of 775 cats and 1213 dogs were studied. Animals undergoing 
gonadectomy were allotted into three groups on the basis of 

estimated age ( 

Prepubertal gonadectomy did not increase mortality or 
morbidity on a short-term basis, compared with gonadec¬ 
tomy performed on animals at the traditional age. The au¬ 
thor concluded that these procedures may be performed 
safely in prepubertal animals provided that appropriate at¬ 
tention is giveii to anesthetic and surgical techniques. 

Moon PR, Erb HN, Didders JW, Gleed RD, Pascoe Pft Peri¬ 
operative risk factors for puppies delivered by cesarean 
section in the United States and Canada, / Am Anim Hosp 

Assoc 36:359, 2000. This study was designed to evaluate pe¬ 
rioperative risk factors affecting neonatal survival after ce¬ 
sarean section. Data from 807 cesarean-derived litters were 
submitted by 109 practices in the United States and Canada. 
Survival rates immediately, 2 hours, and 7 days after delivery 
were 92%, 87%, and 80%, respectively, for puppies delivered 
by cesarean section and were 86% and 75%, respectively, for 
puppies born naturally. Maternal mortality rate was 1%. Of 
776 s u rge r i es, 4 53 we re do n eon a n emergency bas i s. T he fol - 
lowing factors increased the likelihood of all puppies surviv¬ 
ing: the surgery was not an emergency, the dam was not 
brachycephalic, there were four or fewer puppies in the litter, 


PROGNOSIS 


Some injuries heal by second intention without complica¬ 
tions; however, nonsutured preputial lacerations may fistu- 
late. In other cases, persistent hemorrhage, urine extravasa¬ 
tion, infection, and stricture may cause morbidity. The 
prognosis is good following appropriate surgical treatment 
for most injuries. The prognosis following tumor excision 
depends on the biologic behavior of the tumor and the tu¬ 
mor stage at presentation. 


Suggested Reading 


Rogers KS, Walker MA, Dillon HB: Transmissible venereal tumor: a 
retrospective study of 29 cases, / Am Anim Hosp Assoc 34:463, 
1998* 


Selected obsiroefs of recent manuscripts 


Black GM, Ling GV, Nyland TG, Baker T: Prevalence of 
prostatic cysts in adult, large-breed dogs,/ Am Anim Hosp 
Ass oc 34:177, 1998. The p reva I en ce of p ro st ati c cy sts 
evaluated in 85 adult male dogs weighing more than 16 kg, 
which were admitted for problems unrelated to the prostate 
gland. Urine culture and prostatic evaluation by ultrasonog¬ 
raphy were performed in all dogs. Prostatic cysts were iden¬ 
tified in 12 of the 85 dogs. Cultures of prostatic cysts were 
positive in 5 of the 12 dogs. Nondinical, aerobic bacteruria 
was documented in 9% of the study population. Urine cul¬ 
tures correlated with prostatic cyst cultures in 4 of the 5 dogs 
that had positive prostatic cyst cultures. Results of this study 
indicate that the prevalence of prostatic cysts in adult, intact 
male dogs is approximately 14% and that approximately 
42% are infected with bacteria. 


La r 


we e ks, 12 to 13 w eeks, and 


24 weeks). 
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/ 


Fantoni DT, Aider JSC, Futema F, Cortopassi SRG> Migliati 
R, Fa itstino M, Olive ir a CM: I nt r a veno us administration 
of hypertonic sodium chloride solution with dextran or 
isotonic sodium chloride solution for treatment of septic 
diock secondary to pyometra in dogs, / Am Vet Med Assoc 
215:1283, 1999. A prospective, randomized, clinical study 
was designed to determine effects of IV administration o! 
nvpertonic saline (7.5% NaCl) solution with 6% dextran 70 
(HSSD) or isotonic saline (0.9% NaCl) solution (ISS) to 
dogs with septic shock secondary to pyometra. Fourteen 
client-owned dogs with septic shock secondary to pyometra 
were studied. Immediately before surgery, 7 dogs received 
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there were no naturally delivered or deformed puppies, ail 
puppies breathed spontaneously at birth, at least one puppy 
vocalized spontaneously at birth, and neither methoxyflu- 
rane nor xylazine was used in the anesthetic protocol, 

Neilson JC, Eckstein RA, Hart L: Effects of castration on 
problem behaviors in male dogs with reference to age and 
duration of behavior, / Am Vet Med Assoc 211:180, 1997. 

The objective of this cohort study was to determine whether 
nine problem behaviors in adult male dogs were affected by 
castration and to examine the influence of age and duration 
of problem behavior on behavioral effects of castration. Ef¬ 
fects of castration on fear of inanimate stimul i or aggression 
toward unfamiliar people were not significant. For urine 
marking, mounting, and roaming, castration resulted in an 
improvement of £:50% in ^60% of dogs and improvement 
of ^90% in 25% to 40% of dogs. For remaining behaviors, 
castration resulted in an improvement of ^50% in <35% of 
dogs. Significant correlations were not found between the 
percentage of improvement and age of the dog or duration 
of the problem behavior at the time of castration* The au¬ 
thors concluded that castration was most effective in altering 
objectionable urine marking, mounting, and roaming. With 
various types of aggressive behavior, including aggression 
toward human family members, castration may be effective 
in decreasing aggression in some dogs, but fewer than a third 
can be expected to have marked improvement. 

Rawlings CA et al: Use of partial prostatectomy for treat¬ 
ment of prostatic abscesses and cysts in dogs, J Am Vet Med 
Assoc 211:868, 1997* A prospective study was performed to 
determine whether dogs had prostatic disease, urinary in¬ 
continence, or urinary tract infection 1 year after partial 


prostatectomy to treat prostatic abscesses and cysts. Twenty' 
male dogs with pro static abscesses or cysts underwent partial 
prostatectomy. None of the dogs had a return of prostatk 
cyst enlargement or clinical signs of prostatic disease during 
the first year after surgery* Two dogs were euthanized within 
I year after surgery, with one dog having prostatic enlarge¬ 
ment and adenocarcinoma, and one dog having unrelated 

lymphosarcoma. Fifteen dogs were continent. The remain¬ 
ing five dogs urinated normally but had intermittent and 
minor incontinence* The authors concluded that dogs with 
severe prostatic abscesses or cysts and infections can be suc¬ 
cessfully treated by partial prostatectomy with an ultrasonic 
surgical aspirator and castration, resulting in long-term dis¬ 
ea s e 


Sorenmo KU, Shofer FS, Goldschmidt NK: Effect of spaying 
and timing of spaying on survival of dogs with mammary 
carcinoma, / Vet Intern Med 14:266, 2000* The purpose of 
this study was to evaluate the effect of spaying and the timing 
of spaying on survival and cause of death in 
mammary gland carcinoma* The dogs were classified into 
three groups according to spay status and spay time: intact 
dogs, dogs spayed less than 2 years before tumor surgery, and 
dogs spayed more than 2 years before their tumor surgery* Af¬ 
ter adjusting for differences between the spay groups with re¬ 
gard to age, histologic differentiation, and vascular invasion, 
dogs that were spayed less than 2 years before tumor surgery 
survived 45% longer compared to dogs that were either intact 
or that were spayed more than 2 years before their tumor sur¬ 
gery* The study reveals OHE to be an effective adjunct to tu¬ 
mor removal in dogs with mammary gland carcinoma and 
that the timing of OHE is important in influencing survival 
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Selected Drugs Used in the Management of Animals 
with Cardiac Disease 


The authors wish to acknowledge Dr. Christopher Orton for 
contributing the original chapter, on which this revision is 
based. 


Furosemide (Lasix) 


2-4 mg/kg PO, IV, SC, sid to qid os needed 


DEFINITIONS 


Enalapril (Vasotec, Enacard) 

0,25-0.5 mg/kg PO, sid to bid 


Cardiac surgery includes procedures performed on the peri¬ 
cardium, cardiac ventricles, atria, venae cavae, aorta, and 
main pulmonary artery. Closed cardiac procedures (he 
those that do not require opening major cardiac structures) 
are most commonly performed; however, some conditions 
require open cardiac surgery (i.e,, a major cardiac structure 
must be opened to accom pi i sh the repair). O pen ca rd i ae su r - 
gery necessitates that circulation be arrested during the pro¬ 
cedure by inflow occlusion or cardiopulmonary bypass. Ve¬ 
nous inflow occlusion provides brief circulatory arrest, 

allowing short procedures (under 5 minutes) to be per¬ 
formed. Longer open cardiac procedures require establish¬ 
ing an extracorporeal circulation by cardiopulmonary by¬ 
pass to maintain organ perfusion during surgery. 


Benazepnl (Lotensin) 




0,25-0.5 mg/kg PQ, 


sid 


Lisinopril (Prinovil, Zestril] 


Dogs: 0.25-0,5 mg/kg PO, sid 


Procainamide (Proneslyl) 

Dogs: 10-15 mg/kg slow IV bolus or 25-60 pg/kg/min 
as a continuous IV infusion or 15 mg/kg IM, PO, bid to 


qid 


Lidocaine (Xylocaine) 

Dogs: IV bolus {2 mg/kg increments up to total dose of B 
mg/kg/hr) then IV drip at 50-75 jxg/kg/min (500 mg 

in 500 ml of fluid administered at maintenance rate 
[66 ml/kg/day] equals 50 pg/kg/min] 

E smote I (Brevibloc) 

/kg/min constant rate infusion 
mg/kg slow IV bolus every 5 mm 
total cumulative dose) 


PHEOPERATIVE CONCERNS 


Animals requiring cardiac surgery often have prior cardiovas¬ 
cular compromise that should be corrected or controlled med¬ 
ically when possible, before anesthetic induction (Table 29-1). 
Congestive heart failure, particularly pulmonary edema, 
should be managed with diuretics (c\g + , furosemide) and ACE 
inhibitors {e.g„ enalapril, lisinopril) before surgery. Cardiac ar¬ 
rhythmias should be recognized and treated (see also Postop¬ 
erative Care below). Ventricular tachycardia should be sup¬ 
pressed before surgery with class I antiarrhythmic drugs (i,e 
lidocaine, procainamide). Lidocaine is effective for manage¬ 
rs nt of ventricular tachyarrhythmias during and immedlately 
after surgery. Supraventricular tachycardia may require man- 
agement with digoxin, beta-adrenergic blockers (e.g., esmolol, 


or 0.05-0.1 
in (up to 0.5 mg/kg 


100 p 


Propranolol (Inderal) 


0.2-2.0 mg/kg PO, bid to fid 


Atenolol (Tenormin) 

Dogs: 6.25-50 mg/dog PO, sid lo bid 
Cats: 6,25-12.5 mg/cat PO, sid to bid 


*7 


Diltiazem (Cardizem) 


1,04 5 mg/kg PO, tid 
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propranolol, atenolol), or calcium channel blocking drugs 
(e.g,, diltiazem) before surgery. Atrial fibrillation should be 
controlled before surgery with digoxin to lower the ventricular 
response rate below 140 bpm. This may require the addition of 
beta-adrenergic blockade or calcium channel blocking drugs if 

digoxin alone does not decrease the ventricular rate suffi¬ 
ciently Animals with bradycardia should undergo an atropine 
response test before surgery. If bradycardia is not responsive to 
atropine, temporary transvenous pacing or constant intra¬ 
venous infusion of isoproterenol (see management of bradv- 
ca rdia o n p, 710) may be required. 

Most animals should undergo evaluation by echocardio¬ 
graphy before cardiac surgery; an incomplete or inaccurate 
diagnosis can have devastating consequences. With the ad¬ 
vent of Doppler echocardiography, cardiac catheterization is 
no longer routinely necessary before cardiac surgery. 


the same cardiovascular compromise as thiobarbituratei 
Ketamine combined with diazepam also is appropriate for 
induction of compromised patients but should be avoided in 
animals with mitral insufficiency because it increases the re¬ 
gurgitant fraction. Diazepam has minimal cardiopulmonary 
effects and helps offset the negative effects of ketamine !i,e„ 

muscle rigidity and potential for seizures). Time to intuba¬ 
tion is longer than with other agents but is still considered 
relatively last. Opioids can be used for induction of very sick 
and compromised dogs; however, opioids do not truly in¬ 
duce anesthesia, so intubation may be difficult in alert ani¬ 
mals. Etomidate is not arrhythmogenic, maintains cardiac 
output, and offers rapid induction. Mask induction with 
isotlurane or sevoflurane is discouraged in patients with car¬ 
diopulmonary disorders because of the high inspired con¬ 
centrations and time necessary to achieve intubation. 

Anesthesia can be maintained with an inhalation agent in 
most cardiac patients. For compromised patients, isotlurane 
or sevoflurane are the inhalation agents of choice. The insol¬ 
uble nature of these inhalants allows rapid induction, recov¬ 
ery, and change in the depth of anesthesia. They depress con¬ 
tractility less than other inhalation agents and are less 
arrhythmogenic, Adjunct intravenous opioids can be ad¬ 
ministered to decrease the levels of inhalant necessary to 


ANESTHETIC CONSIDERATIONS 


Preanesthetic medication is appropriate for most animals 
undergoing cardiac surgery (Tables 29-2 and 29-3), Par¬ 
enteral opioids (i.e,, oxymorphone, butorphanol, buprenor- 
phine, or fentanyl) induce sedation with, minimal cardiovas¬ 
cular effects. All opioids have the potential to produce 
respiratory depression and/or bradycardia. Anticholinergics 
(i.e., atropine or glyco pyrrolate) should be administered as 

needed to treat bradycardia when using an opioid. Benzodi¬ 
azepines (i.e., diazepam, 0.2 mg/kg up to 5 mg; and midazo¬ 
lam, 0.2 mg/kg up to 5 mg) have minimal cardiopulmonary 
effects and can be combined with opioids to enhance seda¬ 
tion. There may be an unpredictable behavioral response 
(e,g„ excitation, aggressiveness) to benzodiazepine adminis¬ 
tration in some animals. 

Induction of anesthesia should be undertaken with cau¬ 
tion in animals with cardiopulmonary compromise. Thio- 

barbiturates should be avoided in patients with significant 
cardiac disease because they cause dose-dependent cardiac 
depression and are arrhythmogenic. Propofol (Diprivan, 
Rapinovet) produces rapid induction but causes essentially 


TABLE 29-3 


Selected Anesthetic Protocols for Use in Animals 
with Heart Failure, Hypovolemia, Dehydration, 
and Those in Shock 


Dogs 

Premedication and Induction 

Oxymorphone (0,1 mg/kg IV] plus diazepam (0.2 mg/kg 
IV). Give in incremental dosages. Intubate if possible. If 
necessary give etomidate (0.5-1.5 mg/kg IV), Alter¬ 
nately give thiopental or propofol at reduced dosages. 
If there are no contraindications to ketamine, reduced 
dosages of diazepam and ketamine may also be used. 

Maintenance 

Isoflurane or sevoflurane 

Cats 

Premeditation 

Butorphanol (0.2-0.4 mg/kg SC or 1M) or buprenorphine 

(5-15 ixg/kg IM) or oxymorphone (0,05 mg/kg SC 
or IM) 

Induction 

Diazepam (0,2 mg/kg IV) followed by etomidate (0.5-1 5 

mg/kg IV), Alternately if not vomiting and there is no 
respiratory compromise, mask or chamber induction 
can be used or give thiopental or propofol at reduced 
dosages. If there are no contraindications to ketamine, 
reduced dosages of diazepam and ketamine may also 

be used. 


TABLE 29-2 


Selected Anesthetic Protocols for Use in Stable Animals 
with Cardiovascular Disease 


Pre medication 


02-0.04 mg/kg SC or IM) or glycopy 

H 1 mg/kg SC or IM) if indicated plus 


Give atropine (0, 

late (0.0050.01 

oxymorphone* (0.05-0.1 mg/kg SC or IM) 
phanol [0.2-0.4 mg/kg SC 

(5-15 ^g/kg IM) 


rro- 


I or butor- 
or !M] or buprenorphine 




Induction 


Thiopental (10-12 mg/kg IV) or propofol (4-6 mg/kg IV) 


Maintenance 

Isoflurane, halothane, or sevoflurane 


Maintenance 


Isoflurane or sevoflurane 


*U$e 0.05 mg/kg in cats. 









677 


Chapter 29 Surgery of the Cardio vaseular System 


mizing tidal volume, inspiratory pressure, and respiratory 
rate to achieve ventilation with the least risk of causing 
pulmonary injury or cardiovascular compromise. Ulti¬ 
mately, the goal of mechanical ventilation is to maintain 
normocapnia. Ventilation can be monitored by measure¬ 
ment of end tidal CO : by capnography, or arterial C0 2 by 
blood gas analysis. 

Successful inflow occlusion requires meticulous anesthe¬ 
sia. Balanced anesthetic techniques that minimize inhalation 
anesthetic agents are indicated (e.g., fentanyl citrate plus 
atracurium besylate combined with isoflurane [see Table 
29-4 j or fentanyl plus midazolam [see fable 29-5]). Admin¬ 
istration of a single-dose of dexamethasone (see Table 29-4) 
after induction may be beneficial in reducing cardiac dam¬ 
age (Yared et al, 2000). Animals should be hyperventilated 
for 5 minutes before inflow occlusion. Ventilation is discon- 


achieve adequate anesthesia. Opioids combined with low 
concentrations of isoflurane or sevoflurane may not pro¬ 
duce adequate muscle relaxation, which may make adminis¬ 
tration of a nondepolarizing muscle relaxant desirable, 
Atracurium (Table 29-4) is a short-acting muscle relaxant 
that is not dependent on metabolism or excretion to termi¬ 
nate its action (it must be used with intermittent positive 
pressure ventilation). 

For patients with compromised cardiac function, peri¬ 
cardial effusion, or patients with cardiac compromise that 
do not tolerate inhalant anesthesia, fentanyl (Table 29-5) 
and midazolam (see Table 29-5) may be administered as 
an infusion. The dose will need to be adjusted to maintain 
adequate anesthesia. Oxygen and intermittent positive 
pressure ventilation (IPPV) must be provided due to the 
potent respiratory depression that occurs. In cases of peri¬ 
cardial effusion, once the pericardium is open, inhalant 
anesthesia may be instituted if cardiac function will toler¬ 
ate the effects. 

Thoracic surgery always requires controlled ventilation. 
Controlled ventilation can be achieved by manually 
squeezing the reservoir bag or by a mechanical ventilator 
attached to the anesthetic machine. Ideally, mechanical 
ventilation should achieve a tidal volume of 10 to 15 ml/kg 
of body weight at an inspiratory pressure of 20 cm of wa¬ 
ter. Assuring adequate ventilation is accomplished by opti- 


tinued during inflow occlusion and resumed immediately 
upon release of inflow occlusion. Drugs and equipment for 
full cardiac resuscitation must be immediately available after 
inflow occlusion. Gentle cardiac massage may be necessary 
after inflow occlusion to reestablish cardiac function. Digital 
occlusion of the descending aorta during this period helps 
direct available cardiac output to the heart and brain. If ven¬ 
tricular fibrillation occurs, immediate internal defibrillation 

inflow occlusion is discontinued. 


is necessary as soon as 
Constant intravenous infusion of lidocaine (see Fable 29-4) 


should be initiated before inflow occlusion and continued as 


needed. Epinephrine, administered as a constant rate infu¬ 
sion, should be given as the animal is being weaned off in¬ 
flow occlusion or a pump (see Table 29-4). If long-term in¬ 
otropic support is necessary, dobutamine should be given 
(see Table 29-4). 


9 


\ TABLE 29-4 


Drugs for Inflow Occlusion 


Lidocaine (Xytocatne) 

50-75 (ig/kg/min IV infusion (see also Table 294} 


ANTIBIOTICS 


Perioperative antibiotics are indicated for cardiac proce¬ 
dures lasting more than 90 minutes. First-generation 
cephalosporins (e.g., cefazolm sodium, cephapirin sodium) 
can be administered intravenously at induction and repeated 
once or twice every 4 to 8 hours (Table 29-6), For cardiac 
procedures involving circulatory arrest or cardiopulmonary 
bypass, intravenous cefoxitin sodium should be adminis¬ 
tered before surgery and continued for 24 to 48 hours after 
surgery (see Tab I e 2 9 - 6). 


Dobutamine (Dobutrex) 


24 0 gg/kg/min IV 


fpmephrine (Adrenaline, generic) 

0.1-0,4 pg/kg/min IV 


Fentanyl citrate (Sublimqze) 


0,8 |xg/kg/min IV 


Atracurium besylate (Tracrium) 


0 1-0.2 mg/kg IV 




Dexamethasone (Axiom) 


TABLE 29-6 


1 mg/kg IV 


Prophylactic Antibiotics for Cardiac Surgery 


Cefazolin (Ancef, Kefxol) 

20 mg/kg IV at induction 

Cephapirin (Oefadyl) 

22 mg/kg IV at induction 

Cefoxitin (Mefoxin) 

30 mg/kg IV at induction 


TABLE 29-5 


Anesthesia Protocol for Patients with Severe Cardiac 

Compromise That Will Not Tolerate Inhalant Anesthesia 


mida- 


Administer fentanyl citrate (0.8 ng/kg/min IV) p 
zolom (8 jjLg/kg/min IV) 


us 
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SURGICAL ANATOMY 


The pericardium is a thick, two-layered sac composed of 
outer fibrous and inner serous layers. The pericardial cavity 
is located between two layers (visceral and parietal) of serous 
pericardium and normally contains a small amount of fluid. 
The fibrous pericardium blends with the adventitia of the 
large vessels, and its apex forms the sternopericardiac liga¬ 
ment. Phrenic nerves lie in a narrow plica of pleura adjacent 
to the pericardium at the heart base. Complete pericardieo 
to my requires that these nerves be elevated to avoid incising 
them. The vagus nerves lie dorsal to the phrenic nerve. They 
divide to form dorsal and ventral branches that lie on the 
esophagus in the caudal thorax. The left recurrent laryngeal 
nerve leaves the vagus and loops around the arch distal to the 
ligamentum arteriosum to run craniaily along the ventrolat¬ 
eral tracheal surface. 


The heart is the largest mediastinal organ. It generally extends 
from the third rib to the caudal border of the sixth rib; how¬ 
ever, variations exist among breeds and between individuals. 
The heart base (be., craniodorsal aspect that receives the great 
vessels) faces dorsocraniaily, while the apex (i.e., formed by 

m tiscles of the left ven tride) po ints caudo ventra 11 y. Exce pt for 

a portion of the right side of the heart (cardiac notch), most 
of its surface is covered by lung. The right ventricular wall ac¬ 
counts for approximately 22% of the total heart weight; the 
left ventricular wall accounts for nearly 40%. 

The right atrium receives blood from the systemic circu¬ 
lation. The coronary sinus enters the left aspect of the 
atrium, ventral to the caudal vena cava. The caudal vena cava 
returns blood from the abdominal viscera, pelvic limbs, and 
a portion of the abdominal wall (Fig, 29-1). The cranial vena 
cava returns blood to the heart from the head, neck, thoracic 
limbs, ventral thoracic wall, and a portion of the abdominal 
wall. The azygous vein usually enters in the cranial vena 
cava; it carries blood from the lumbar regions and caudal 
thoracic wall. The brachycephalic trunk is the first large ar¬ 
tery from the aortic arch. The common carotid arteries usu¬ 
ally arise from it as separate vessels. The left subclavian ar¬ 
tery arises from the aortic arch distal to the brachycephalic 
trunk (the right subclavian is a branch of the brachycephalic 
trunk). The vertebra) arteries, costocervical trunk, internal 
thoracic arteries, and axillary arteries branch from the sub¬ 
clavian vessels. 


SURGICAL TECHNIQUES 


Cardiac surgery is not fundamentally different from other 
types of general surgery, and similar principles of good surgi¬ 
cal technique (i.e,, atraumatic tissue handling, good hemo- 
st a sis, a n d se c u re knot being) app ly, Co nsequ en ces o f po or 
surgical technique are often devastating. Cardiac surgery dif¬ 
fers from other surgeries in that motion from ventilation and 
cardiac contractions adds to the technical difficulty of per¬ 
forming these procedures. Approaches that provide limited 
access to dorsal structures (e.g., median sternotomy; see 
p. 764) require that surgeons incise, suture, and/or ligate 
structures located deep within the thorax. Ligature placement 
using hand ties (see p. 53) are useful in such situations) and 
the ability to place hand-tied knots (vs. instrument tie mg) 
should be considered a fundamental skill for cardiac sur¬ 
geons. Secure knot tieing is critically important to successful 
cardiac surgery. Hand tieing knots is last and produces tighter 
and more secure knots than instrument tieing. The one- 
handed knot tie technique (see p. 53) is best suited to the fine 
sutures used in cardiac surgery, fight knots are facilitated by 
throwing the first two or three throws in the same direction 
before finishing with square knots for security; 

Closure of cardiovascular structures requires precise su¬ 
turing techniques and good instrument handling skills to 
minimize hemorrhage. Using fine suture with swaged-on 
atraumatic needles (see discussion on suture materials on 
p. 44) and carefully following the needle contour when su¬ 
turing (to minimize the size of needle tracts) are important. 
“Palming' 1 of needle holders is a good skill for fast suturing 
but should be avoided when suturing inside the thoracic 
cavity. Finer control is gained by grasping instruments with 
fingers placed in the instrument rings. 
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Inflow Occlusion 


Inflow occlusion is a technique used for open heart surgery 
where all venous flow to the heart is temporarily interrupted. 
Because inflow occlusion results in complete circulatory arrest, 




it allows limited time to perform cardiac procedures. Ideally, 


circulatory arrest in a normothermic patient should be less 




Left ventricle 


than 2 minutes, but it can be extended to 4 minutes if neces¬ 


sary. Circulatory arrest time can be extended up to 6 minutes 


FIG 29-1 


Cardiac anatomy. 


with mild, whole-body hypothermia (32° to 34 u C). Tempera- 
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Azygous vein 


tyres below 32° C may predispose to fibrillation and should be 
avoided- The advantage of inflow occlusion is that it does not 
require specialized equipment; however, the limited time avail¬ 
able to perform the surgery requires that the procedure be well 
planned and executed with speed and expertise. 

Depending on the ca rdiac p racedu re fie ing don e, perfo rm a 
left or right thoracotomy (see p. 764) or median sternotomy 
(see p. 764). With a right thoracotomy or median ster¬ 
notomy r occlude the cranial and caudal vena cava and azy 
gous vein with vascular c/amps or Rumel tourniquets (Fig. 

29-21 Make a Rumel tourniquet by passing umbilical tape 
around the vessel , then thread the umbilical tape through 
piece of rubber tubing that is 1 to 3 inches long. When th 
umbilical tape has been adequately tightened to occlude the 
vessel, place a clomp above the rufifoer tubing to hold it 
curely in place. Jake care to avoid injuring the right phrenic 
nerve during placement of the clamps or tourniquets . For left 
thoracotomies , pass separate tourniquets around the cranial 
and caudal venae cavae> Then , dissecting dorsal to th 
esophagus and aorta , occlude the azygous vein by placing 

o .tourniquet around it (Fig. 29-3). 

Cardiopulmonary Bypass 

Cardiopulmonary bypass is a procedure whereby an extra¬ 
corporeal system provides flow of oxygenated blood to the 
patient while blood is diverted away from the heart and 
lungs. This greatly extends the time available for open 
cardiac surgery. Several advances (he., development of 
membrane oxygenators, improved methods of myocardial 
protection, increased availability of monitoring technolo¬ 
gies, and improved veterinary critical care) have made 
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FIG 29-2 

During inflow occlusion from the left side of the thorax, pass 
tapes around the cranial and caudal vena cava and 
azygous vein. Fashion tourniquets as described in Fig. 29-3. 
(Modified from Orton EC: Small animal thoracic surgery , 

Philadelphia, 1 995, Williams & Wilkins,) 
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FIG 29-3 

To occlude cardiac inflow from the right side of the thorax, pass tapes around the caudal 
vena cava and the common drainage of the azygous veins and cranial vena cava. Fashion 
tourniquets for inflow occlusion by passing the tapes through rubber tubing, (Modified from 
Orton EC: Small animal thoracic surgery , Philadelphia, 1995, Williams 5c Wilkins.) 
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eluding straight, angled, curved, and tangential (Fig, 29-5). 
The most versatile shape for most cardiac surgery is a 
medium-width tangential clamp. 


cardiopulmonary bypass increasingly feasible in dogs. Car¬ 
diopulmonary bypass can 
genital or acquired cardiac defects. Readers are referred to a 
cardiovascular surgery text for details of performing car¬ 
diopulmonary bypass. 


be used to treat dogs with con- 


PO STORE It ATI VE CARE 
AND ASSESSMENT 


HEALING OF CARDIOVASCULAR 
STRUCTURES 


Patient monitoring and postoperative care are the corner¬ 
stones of successful cardiac surgery. The level of supportive 
care required for cardiac surgeries depends on the patient 
and surgical procedure performed. A working knowledge of 
cardiopulmonary function and good patient observation 
skills are as important to successful patient management as 

advanced monitoring devices. 

Evaluation of ventilation is important after any thoracic 
surgery Poor ventilatory efforts may first be noted in the pe¬ 
riod after surgery when the influence of anesthetic drugs is 
still present, but ventilatory support has been discontinued, 
Hypoventilation may also occur from uncontrolled pain. To¬ 
tal ventilation can be assessed directly by measuring the vol¬ 
ume of expired gas with a respirometer. Tidal volume should 
be at least 10 ml per kg of body weight. Ultimately the best 
measure of alveolar ventilation is arterial CO, tension 
(Paco,). Alveolar hypoventilation is present when Paco, is 
increased above 40 mm of Hg. Treatment of hypoventilation 
should be directed at correcting its underlying cause it pos¬ 
sible. Drugs that are known to depress ventilation (i,e„ opi¬ 
oids and m uscle re la xan ts) should be us ed w it h c auti o n in 
the perioperative period, and the risk of ventilatory depres¬ 
sion weighed against the risk of hypoventilation due to pain 
(see p. 760 for analgesia after thoracotomy). Pleural air or 
fluid should be evacuated if present. Injury or dysfunction of 
the neuromuscular ventilatory apparatus should be cor¬ 
rected, if possible. If hypoventilation is severe and the cause 
is not immediately correctable, positive-pressure ventilation 
is indicated. 

Under physiologic conditions, gas exchange between the 
alveolus and pulmonary capillary blood is efficient, and alve¬ 
olar oxygen tension (P A 0 2 ) and arterial oxygen tension 
(Pa0 2 ) are nearly equal. In patients with impaired gas ex¬ 
change, hypoxemia occurs because P A 0 2 and Pan, are not 
equal. The most common causes of impaired pulmonary 
gas exchange in the postoperative setting are ventilation/ 
perfusion (V A /Q) mismatch and pulmonary shunt second¬ 
ary to alveolar collapse. Impaired pulmonary gas exchange 
may or may not be responsive to supplemental oxygen ther¬ 
apy depending on its underlying cause. Therefore, response 
to supplemental oxygen therapy must be evaluated for each 
individual patient, preferably by blood gas analysis, The 
therapeutic goal of supplemental oxygen should be to keep 
Pao 2 above 80 mm of Hg. Positive end-expiratory pressure 
(PEEP) therapy is indicated for patients with severe gas ex¬ 
change impairment that is not responsive to supplemental 
oxygen therapy alone. 

Maintaining an adequate PaCu in a patient is important 
because it is the major determinant of hemoglobin oxygen 
saturation (Sa0 2 ). SaCb can be measured by pulse oximetry. 
The therapeutic goal should be to maintain Sa0 2 at or above 


Vascular structures heal quickly forming a fibrin seal within 
minutes. Epithelialization and early endothelial regeneration 
occur in veins used for grafts. Thrombosis commonly occurs 
in small veins that have been traumatically occluded for 
short periods of time; however, thrombosis of large veins oc¬ 
cluded during inflow occlusion or cardiac bypass procedures 

clinically recognized problem. To avoid 
thrombosis of vascular structures, they should be handled 
gently as trauma may lead to the deposition of platelets, fib¬ 
rin, and red cells on the uitimal surface. If the torn intima is 
lifted upward, a flap may develop that partially or completely 
occludes the distal lumen. This in turn can lead to accumu¬ 
lation of blood within the vessel wall, vascular sludging, and 
thrombosis. 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Polypropylene is the standard suture used lor cardiovascular 
procedures. The most common sizes used are 3-0, 4-0, and 
5-0, These sutures should be available with swaged 
point cardiovascular needles in a variety of sizes. Some pro¬ 
cedures require that suture be double-armed (i.e„ with nee¬ 
dles at both ends). Teflon pledgets are useful for buttressing 
mattress sutures in ventricular myocardium or great vessels. 
Successful cardiac surgery requires proper surgical in¬ 
strumentation. Most of the basic instruments required for 
general surgery can be used for cardiac surgery; however, a 
few specialized instruments are desirable tor thoracic sur- 

The standard thoracic retractor is a Finochietto retrac¬ 


-on ts 


gery 


to have at least two sizes to 


tor (Pig. 29-4, A). It is helpful 


accommodate different-sized animals. Self-retaining ortho¬ 
pedic retractors can substitute as thoracic retractors in small 
dogs and cats. The standard tissue forceps for thoracic sur¬ 
gery is a DeBakey tissue forceps (Fig, 29-4, B). At least two 
DeBakey forceps should be available, and It is helpful if one 
has a carbide inlay for grasping suture needles. Metzenbaum 
scissors are the standard operating scissors for cardiac sur- 

Curved Metzenbaum scissors are more versatile than 


gery. 

the straight design. Potts scissors (45-degree angle) are de¬ 
sirable for some cardiac surgery (Fig, 29-4, C), Needle hold¬ 
ers should be long and available in different sizes to accom¬ 
modate a variety of suture needle sizes, Mayo-Heger, 
Crile-Wood, and Castro vie jo needle holders represent a 
good selection of sizes for thoracic surgery in animals. An¬ 
gled thoracic forceps are an important instrument for 
diac surgery and should be available in a variety of sizes (Fig. 
29-4, D). Vascular clamps are noncrushing clamps used for 
temporary occlusion of cardiovascular and pulmonary 
structures. They come in a variety of sizes and shapes in- 
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FIG 19-4 


Instruments for cardiovascular surgery: A, Finochietfo retractor, B, DeBakey tissue forceps 
C, Potts scissors, D, Angled thoracic forceps. 
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TABLE 29-7 


Po s to per at ive A n al ges i cs 


Oxymorphone (Numorphan) 

0.05-0.1 mg/kg IV, IM, every 4 hours (as needed) 

Butorphemol (Torbutrol, Torbugesic) 

0,2-0,4 mg/kg IV, IM, or SC, every 2 to 4 hours (as 
needed) 

Buprenorphine (Buprenex) 

5-15 p.g/kg IV, IM, every 6 hours [as needed) 


FIG 29-5 

Tangential vascular clamps. 


Monitoring the electrocardiogram for disturbances in car¬ 
diac rhythm is important lor animals undergoing cardiac 
surgery. Sinus tachycardia is the most common rhythm dis¬ 
turbance in surgery patients. Therapy for sinus tachycardia 
should be directed at correction of its underlying cause and 
improvement of cardiac output. Ventricular dysrhythmias, 
including premature ventricular complexes (PVCs), and 
non sustained or sustained ventricular tachycardia are fre- 

i 

quently encountered during and after cardiac surgery. Fre¬ 
quent PVCs, particularly when they occur with a short cou¬ 
pling interval (he., R on T phenomena), and rapid ventricular 
tachycardia should be suppressed in the perioperative period. 
Continuous intravenous infusion of lidocaine is effective in 
most instances. Ventricular fibrillation is a form of cardiac 
arrest that requires immediate electrical deb hr illation. If 
cardiac surgery is pe rfo rmed frcq uently equipment for defib- 
rillation should be available. Recommendations for postop¬ 
erative analgesics are provided in Table 29-7. 


90%. Oxygen content of the blood is a function of Sa0 2 and 
hemoglobin concentration. Thus, maintenance of an ade¬ 
quate oxygen content requires not only adequate pulmonary 
function (Sa0 2 greater than 90%), but also an adequate he¬ 
moglobin concentration. Maintenance of the packed cell 
volume above 30% is an important therapeutic goal for ani¬ 
mals undergoing cardiac surgery especially if cardiopul¬ 
monary compromise is present. 

Systemic blood pressure is directly proportional to car¬ 
diac output and systemic vascular resistance. Measurement 
of b 1 o o d p less u re p rov ides a go od as sess mem of ca rd io vas - 
cular function especially during and immediately after sur¬ 
gery Indirect techniques for measuring blood pressure in¬ 
clude the oscOlometric method, the basis of monitors such 
as the Dmamap, or Doppler method. Doppler technique 
provides only systolic pressure but is useful for evaluating 
blood pressure trends during and after surgery, indirect 
methods of blood pressure assessment are less invasive but 
are also less accurate than direct measurements. Direct 
measurement of blood pressure requires placement of an ar¬ 
terial catheter. Arterial catheters have the additional advan¬ 
tage of providing access for arterial blood gas analysis. An ar¬ 
terial catheter can be placed percutaneously into a dorsal 
pedal artery of the hind limb. Direct blood pressure meas¬ 
urement also requires a pressure transducer and monitor, or 
a manometer. The therapeutic goal is to maintain a mean 
blood pressure above 63 nim Hg and systolic blood pressure 
above 90 mm Hg. Blood pressure can be elevated by increas¬ 
ing either cardiac output or systemic vascular resistance. In 
most instances, the more appropriate therapeutic strategy to 
correct hypotension is to improve cardiac output. Main te¬ 
rn a n ce of ad eq u ate va sc u la r vo I u m e i s th e m o si i m po r tan t 
peer ot maintaining adequate cardiac output. Centra! venous 
p re ss u re s h o u Id be m ain tain ed b e t vv ecu 5 a nd 10 cm o f wa - 
ter. Indications for arterial pressor therapy are rare. In¬ 
otropic and pressor support can be obtained by constant 
intravenous infusion of epinephrine (see Table 29-4). Long¬ 
term inotropic support is maintained by dobutamine (see 
Table 29-4). 


COMPLICATIONS 


The major complication associated with cardiac surgery is 
hemorrhage. Severe hemorrhage may be encountered intra- 
operatively or post operatively Materials for blood transfu¬ 
sion should be available. Fresh whole blood should be col¬ 
lected as close as possible to the time that it is needed and 
should not b e co o I ed beeau s e this m a y re d u ce p 1 ate I et con - 
tent. !f possible, a compatible donor should be identified by 
crossmatching with the patient before surgery Autotransfu- 
sion can be undertaken in animals that are bleeding after 
surgery by collecting blood from the pleural space directly 
into CPDA (citrate, phosphate, dextrose, adenine) collection 
bags and returning the blood to the patient with a standard 
blood administration filter. In most cases, autotransfusion of 
bleeding patients is preferred over returning the patient to 
surgery to control bleeding. 


as- 




SPECIAL AGE CONSIDERATIONS 


Most animals undergoing surgery for congenital cardiac de- I 
fects are young. Special care must be given to these animals I 
during and after surgery. Young animals should not have food 
withheld for greater than 4 to 6 hours before surgery and 
sh o u I d be fed as so on as they a re fu 1 1 y re covered fra m anes - 
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genital valve dysplasia and dilated cardiomyopathy are other 
causes of mitral regurgitation. 

Volume overload of the left heart is caused when blood 
regurgitates through the mitral valve, causing left atrial and 
left ventricular hypertrophy. As the mitral valve annulus di¬ 
lates, mitral regurgitation typically becomes more severe, 
and left-sided congestive heart failure typically ensues. Atrial 
fibrillation may be associated with the left atrial dilation, es- 

large and giant breeds of dogs with sufficient 

atrial mass to sustain the arrhythmia. 

/ 

DIAGNOSIS 

Clinical Presentation 

Signalmenf. Myxomatous valve degeneration typically 
occurs in older dogs, while congenital mitral valve dysplasia 
occurs in large and giant breeds of dogs as well as cats. Di¬ 
lated cardiomyopathy may be associated with secondary mi¬ 
tral regurgitation as the valve annulus dilates and causes 
valvul a r i n co m p e te n ce. 

History, Affected animals may have a history of exercise 

intolerance, coughing, and/or shortness of breath. A mur- 
m u r ass o ci a te d w i t h m i tr a 1 re g u rg i ta t i o n m ay be p i eked u p 
on physical examination in an asymptomatic animal. 

Physical examination findings 

Affected animals typically have a holosystolic murmur heard 
best at the left cardiac apex. Pulmonary crackles may be heard 
if pulmonary edema is present. Electrocardiographic evi¬ 
dence of left atrial and/or left ventricular enlargement may be 
manifested by P wave duration > 0,04 seconds (P mitrale) or 
tall (>2 to 2.5 mV) R waves, respectively, in lead II, 


thesia. If they cannol be fed, glucose concentrations should 
be supported by adding glucose to intravenous fluids; serum 
glucose concentrations should be monitored intraopera- 
tivdy. Hypothermia is common in young patients during 
thoracotomy and is protective during cardiac procedures. 
However, the temperature should be monitored closely, and 
they should be actively re warmed postopera tively. 




pecially i 


in 


NOTE • Remember, hypothermia decreases the 
minimum alveolar concentration (MAC) of inhalants 
used for maintenance. 
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Radiography/Echocardiography 


SPECIFIC DISEASES 




Left atrial and left ventricular enlargement may be evidenced 
on thoracic radiographs. When congestive heart failure devel¬ 
ops, additional radiographic features include pulmonary ve¬ 
nous dilation and pulmonary parenchyma! infiltrate, typically 
with a perihilar or caudal and dorsal distribution. In addition 

to characteristic changes in the mitral valve (mild to moderate 
thickening and irregularity), echocardiograph ic findings also 

typically include left atrial dilation and left ventricular dila¬ 
tion, Initially, indices of systolic function (shortening frac¬ 
tion) are within normal limits, Eehocardiographic evidence of 
myocardial systolic failure is indicative of advanced disease. 
Occasionally echocardiography documents chordal rupture 
or pericardial effusion secondary to an atrial tear. 




MITRAL REGURGITATION 


i- 


DEFINITIQNS 


i- 


M it nil regurgitation occurs when blood leaks retrograde 
across the mitral valve into the left atrium during conlme 

left ventricle. 
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id 


non 


i- 




SYNONYMS 


u- 


Mftra/mivf disease , mitral insufficiency 


er 


ily 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


rd 


Laboratory Findings 

Laboratory abnormalities are typically unremarkable unless 
cardiac output is reduced sufficiently to reduce organ per- 

fusio n. 


of 


Mitral regurgitation (MR) is the most common form of ac¬ 
quired heart disease in dogs. It commonly occurs due to 
myxomatous degeneration of the valve and may be associ¬ 
ated with one or more of the following: thickening and bil¬ 
lowing of the leaflets, dilation of the mitral annulus, thick¬ 
ening and lengthening or rupture of the chordae tendinae, 
and flattening of the papillary muscles with left ventricular 
dilation. On rare occasions, annular dilation and MR occur 
without significant disease of the chordae or leaflets. Con- 


to 


DIFFERENTIAL DIAGNOSIS 


Je- 


Other causes of heart failure and cardiac murmur in mature 
dogs include dilated cardiomyopathy and previously undi¬ 
agnosed or unrepaired congenital heart disease (PDA, VSD, 
mitral dysplasia, SAS), Primary differentials include chronic 
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ind 


les- 
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3,14 X D (e.g., if a 1-cm reduction in 

of additional 


tion: circumference 
annulus diameter is desired, remove 3,1 cm 


bronchitis, heartworm disease, tracheal collapse, pneumo¬ 
nia, and primary or metastatic pulmonary neoplasia. 


Silastic tubing from the PSS)* 


MEDICAL MANAGEMENT 


Preoperative Management 

Preoperative arrhythmias should be controlled before sur- 

Affected animals typically have signs of congestive 
heart failure, and treatment with positive inot ropes (i*e. a 
digoxin), vasodilators (Le„ hydralazine, enalapril), and di¬ 
uretics (i.e., furosemide) is indicated (see above under Med¬ 
ical Management). 

Anesthesia 

Refer to p. 676 for anesthetic recommendations for cardiac 
patients. 

Surgical Anatomy 

The right and left coronary vessels ( Fig, 29-6) arise Iromtbe 
aortic bulb immediately distal to the aortic valve. The right 
coronary artery arises from the right sinus of the aorta and 

to the right and vent ro crania 11 y, lying in the fat of the 


There are little data to suggest that medical intervention be¬ 
fore the onset of clinical signs of heart failure is of any ben¬ 
efit, in fact, several placebo-controlled trials have demon¬ 
strated that therapy with ACE inhibitors has no affect 

symptom-free interval (time 
asymptomatic patients. Once congestive heart failure is doc- 

fur osemide; see 


gery. 


on 


to onset of heart failure) in 


umented, treatment with diuretics (e.g 

Table 29-1) and ACT inhibitors (Le., enalapril or benazepril; 
Table 29-1), with or without digoxin is indicated. Addi- 

pironolactone, hydrochlorothiazide) 


- J 


see 


tional diuretics (e.g 
and vasodilators (e.g., hydralazine, amlodipine) should be 

considered in refractory cases. The role of [3-blockers and 

adrenergic blockers has yel to be defined but holds promise 

in the treatment of affected animals. 


s 


■1. 


SURGICAL TREATMENT 


Mitral valve replacement and repair have been reported in 
dogs* For mitral valve replacement, a mechanical or biopros- 
thetic heart valve is typically used. Disadvantages ot these 
valves are that the animal must be placed on life-long anti- 
gulation therapy (mechanical) or early cannus formation 
and calcification occurs (bioprosthetic), and their placement 
requires cardiopulmonary bypass. Mitral valve repair may 
have advantages over valve replacement in that long-term 

anticoagulation is 
better preserved. However, the results are variable and highly 

dependent on the surgeon's experience. 

Recently an option to mitral valve replacement has been 

reported in dogs without the 
(Buchanan and Sammarco, 1998). The authors described 

circumferential mitral purse-string suture 
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placement of a 
(PSS) to reduce the diameter of the mitral annulus. The pro¬ 
cedure is described here. For description of placement of an 
'artificial valve or valve repair with cardiopulmonary bypass, 
the reader is referred to a cardiac surgery textbook* The esti¬ 
mated reduction of the annular diameter is based on several 
factors: (1) beneficial hemodynamic effects of trial tension 
the PSS, (2) disappearance or reduced intensity of the 
MR jet with trial tension, (3) effects of arbitrary 25% and 

33% reduction of annular diameter measured by echocar- 

of annulus diameter with 
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diography, and (4) comparison 
aortic diameter (normal mitraRo-aorta ratio equals ap¬ 
proximately 1*5:1) (Buchanan and Sammarco, 1998). The 
extent of circumferential shortening to accomplish the de- 
red diameter reduction can be determined from the equa¬ 
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NOTE * Techniques for mitral valve repair that uti¬ 
lize cardiopulmonary bypass are likely safer than 
those that do not, particularly in animals with severe 
heart failure; however, bypass procedures 
pensive and not readily available in veterinary 

medicine. 
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FIG 19-6 

Anatomy of the coronary vessels in a dog. 
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coronary groove. Its initial part is bounded by the pul¬ 
monary trunk and the conus arteriosus cranio later ally; dor- 
sally it is covered by the right auricle. The left coronary ar¬ 
tery is a short trunk about 5 mm long and nearly as wide* It 
terminates in the circumflex and paraconal interventricular 
branches* The circumflex branch lies in the coronary groove 
as it extends to the left* On approaching the dorsal interven¬ 
tricular groove, it turns toward the apex of the heart and is 
known as the subsinual interventrieular branch. The com¬ 
bined length of the circumflex and subsinual branch is ap¬ 
proximately 8 cm in the dog. The paraconal interventricular 
brunch is approximately 1.5 mm in width and 7 cm long. It 
winds obliquely and d i stally from left to right across the ster¬ 
nocostal surface oi the heart in the paraconal interventricu¬ 
lar groove. 

Positioning 

The animal is positioned in right lateral recumbency. The 
entire thorax is propped for aseptic surgery. 


gouge, 5-om, overihe needle catheter under the left circum¬ 
flex CA into the coronary sinus at approximately the leftward 
extent of the coronary sinus. After removal of the needle , 
pass a J tip, 0.09 cm x 46 cm, guide wire through the 
ca th eter in to the coron ary sin us and advance it in to th e righ t 
atrium and right atrial appendage. Position your left hand in 
front of the heart and palpate the J-wire in the atrial 
pen doge and secure it in the appendage with a vascular 
clamp . Remove the catheter and advance a tapered-tip, 30- 
cm long segment of an open end 6 F catheter over the j-wire 
into the right atrial appendage . Partially release the clamp 
and withdraw the J-wire slightly while advancing the guide 
catheter against the atrial wait Reapply the clamp. Remove 
the J-wire. Insert the 46 cm long straight wire attached to the 
PS5 into the 30-cm guide catheter in the right atrium * Re¬ 
lease the right atrial appendage clamp and advance the 
straight wire to puncture the wall of the right atrial ap¬ 
pendage. Grasp the straight wire outside the wall and with¬ 
draw it through the wall along with the 30-cm guide catheter 
and the trailing PSS. Cut o ff the straight wire and heat-shrink 
tubing from the cranial end of the PSS to prevent inadvertent 
retraction of the PSS into the right atrium. If necessary, place 
a mattress suture into the right atrial appendage to control 
hemorrhage. Pass a curved , large ligature carrier behind the 
aorta through the transverse pericardial sinus and use if to 
grasp the cranial end of the PSS and withdraw it and the 
rig h t atri a 1 appen dage in to the transfers e sinus. Place a he - 
mostat through the tunnel under the left circumflex CA and 
use it to grasp the end of the PSS and withdraw it through 
the subcoronary tunnel. Gently massage the RAA into posi¬ 
tion in the transverse sinus and leave it there . Pass the blunt 
curved needle to the caudal end of the PSS sequentially 
der each marginal branch of the left circumflex CA and sul¬ 
cus fat until it reaches an appropriate position for tieing to 
the cranial end o f the PSS. Position the PSS so that the knot 
will not obstruct the origin of the paraconal CA. This may 
quire that you pass the cranial end of the PSS backward 

der the first marginal branch so that the knot can be tied be¬ 
tween the first and second marginal branches in a more 
lateral position. 

Before tightening the PSS f withdraw the pulmonary artery 
catheter into the cranial vena cava to ovoid entrapment of 
the catheter when tightening the PSS. Apply temporary ten¬ 
sion to the crossed ends of the PSS to set the PSS 


ap- 


SURGICAL TEGHNIOUES 


NOTE • This technique is technically difficult and 
requires detailed knowledge of cardiac and coro¬ 
nary artery anatomy. It should not be attempted by 
inexperienced surgeons or those unfamiliar with the 
technique. 


The purse-string suture (PSS) is assembled (see below) and 
gas sterilized before surgery A Swan-Ganz flow-directed 
pulmonary artery catheter should he positioned before initi¬ 
ating surgery. This catheter facilitates measurement of car¬ 
diac output and pulmonary capillary wedge pressure, an in¬ 
dicator of left atrial pressure. 


un- 


re- 


un- 


Remove the left seventh rib and enter the chest through the 
periosteum * Position an umbilical tape adjustable tourniquet 
around the caudal vena cava to lower blood pressure tem¬ 
porarily at critical stages of coronary dissection. Make a lib¬ 
eral Tshaped incision in the pericardium just ventral to the 
phrenic nerve, exposing the left atrium, coronary sinus, left 
coronary arteries (CA) and dorsal aspect of the left ventricle. 
Secure the dorsal edge of the pericardium to the extra tho¬ 
racic muscles and pack off the lungs * Perform an epicardial 
echocardiogram from the dorsal aspect of the left atrium to 
evaluate mitral valve motion and measure 


more 

deeply into the atrioventricular groove and to assess the ef¬ 
fect on cardiac rhythm and blood pressure * Re-advance the 

catheter in the vena cava into the pulmonary artery until it 

reaches a wedge position to reflect left atrial pressure. Re¬ 
peat the echocardiogram before applying pressure to the 
PSS. Confirm the maximal diameter of the annulus. Remove 
the Silastic outer tubing from the PSS do 
crossover o f the ends so that the Silastic 

cumferential length of the PSS before tightening. Estimate the 
amount of reduction in annular diameter as previously de¬ 
scribed (see above). Tighten the PSS so that the ends of the 
Silastic tubing are almost in contact and tie a square knot in 
the Dacron between the ends of the Silastic outer tubing to 
minimize the bulk of the knot (Fig. 29-7). 


the maximal an¬ 
nulus diameter. Make small incisions in the coronary sulcus 
pericardium at the lateral aspect of the sulcus fat between 
marginal branches of the left circumflex CA. Make the fun¬ 
nels under each CA branch with 
tor to facilitate later passage of the blunt curved needles. 
Mote o tunnel under the left circumflex CA, just distal to the 
origin of the paraconal CA, taking care 

CA Isolate the distal extent of the left circumflex CA so that 

it con be elevated later Avoid penetration of the left ventric¬ 
ular and atrial myocardium during dissection, insert a J 6- 


wn to the point of 
covers only the air- 


small right-angle dissec- 


to avoid the septal 
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original dimensions , Keep mild tension on 
tvre with the weight of o hemosiat and occasional milking 
massage of the Silastic tube toward its center during the first 
hour of the xylene evaporation and shrinking phase * Air-dry 
for 24 hours. Attach the end of the tubing opposite the nee- 
die to a 0.09 cm x 46 cm straight guide wire with 0.16 cm 
heat-shrink tubing (Burndy Corp ., Norwalk, Conn J. Place 3- 

long terminal segments of the guide wire and polyester 
suture adjacent to each other inside a 5-cm segment of heat- 
shrink tubingThen constrict the tubing by heating it with a 
match or Bunsen burner. Toper the ends of the Silastic and 
heat-shrink tubing with silicone gel (Silastic; Dow Corning, 
Midland / Mich,). Allow it to cure for 24 hours. Wash the 
completed PS5 in sterile saline and gas sterilize it. 


su- 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


Aorta 


Postoperative pain should be treated with systemic opioids 
and local anesthetic techniques (see p. 760 for post¬ 
thoracotomy analgesia). Animals should be monitored tor 
pulmonary edema after surgery. If pulmonary edema occurs, 
it should be treated with furosemide. Left heart failure should 
be treated as outlined in the Medical Management section. 


Right 
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PROGNOSIS 


Circumferential suture of the mitral annulus has been re¬ 
ported in 15 dogs (Buchanan and Sammarco, 1998). Six 
dogs died during surgery because of hemorrhage, and three 
dogs died postoperativeiy because of coronary artery com¬ 
pression by the suture. Satisfactory suture placement was 
achieved in six dogs, three of which survived for between 
band 26 mo nths. H o we ve r, 1 h e aut h o rs n o ted t hat t h e tech - 
nique is difficult and requires practice. 


Great 

cardiac 
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FIG 19-7 

Diagram showing placement of a circumferential mitral 
purse-string suture to reduce the diameter of the mitral 
annulus in dags with mitral regurgitation. 
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SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Construct the PSS using the following: #5 polyester ster¬ 
notomy suture (TEVDEK-II, Deknatel; Queens Village, NX) 
and radiopaque barium sulfate thread removed from 
gical sponge. Cut off the end of the % curved sternotomy nee¬ 
dle with wire cutters and smooth the blunt tip by filing. Encase 

the polyester suture and radiopaque thread in medical grade 
Silastic tubing (/ 

eter; Dow Corning , Midland, Mich.). Insert the 75-cm long 
polyester suture and thread into the 50-cm long Silastic tube 
by tieing the polyester suture and thread together at one end 
with a 75-cm long, 3-0 nylon leader suture . Temperedly en¬ 
large the Silastic tube by soaking it in xylene for 30 minutes. 
Pass a stiff wire snore through the Silastic tube to hook the ny¬ 
lon leader and withdraw it through the tube. Moisten the 
polyester suture and thread with xylene and gently pull them 

into the Silastic tube while milking and applying counter¬ 
traction on the Silastic tube , Air dry the PSS to evaporate the 
xylene and permit shrinkage of the Silastic tube back to its 


Suggested reading 


Breznock EM et at; Tricuspid and mitral valvular disease: valve re¬ 
placement, Semin Vet Med Surg (Small Anim) 9:234,1994. 
Boggs LS et al: Mitral valve reconstruction in a toy -breed dog, / Am 
Vet Med Assoc 209:1872,1996, 

Dalrymple - Hay MJR et al: Degenerative mitral regurgitation: when 

should we operate? Ann Thome Surg 66:1579, 1998, 

Evans HE: Milter's anatomy of the dog , ed 3, Philadelphia, 1993, WB 
Saunders. 
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PATENT DUCTUS ARTERIOSUS 


DEFINITIONS 


The ductus arteriosus is a fetal vessel that connects the main 
pulmonary artery and descending aorta. During develop¬ 
ment, it shunts blood away from the collapsed fetal lungs. 
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wide P waves on a lead II electrocardiogram are supportive of 
the diagnosis, but they are not always present. Atrial fibrilla¬ 
tion or ventricular ectopy may be present in advanced cases. 
The physical examination findings in animals with right- 
to-left or reverse PDA differ from those with left-to-right 
shunts. '‘Differential 1 ’ cyanosis is typically present (i.e., 
cyanosis is most apparent in the caudal mucous mem¬ 
branes), but cyanosis may also be noted in the cranial half of 
the body in some animals. Cyanosis occurs because there is 
a mixtu re o f n o noxyge n ated bio o d {fro m t h epu 1m on ary a r - 
tery) with the oxygenated aortic blood. Femoral pulses are 
normal. A systolic cardiac murmur, rather than a machinery 
murmur, is often present. However, a murmur may not be 
auscultated if polycythemia is present (see below under Lab¬ 
oratory Findings) or if left and right-sided pressures are 
nearly equal and shunting of blood through the ductus is 
mi n i m al. 


Normally it closes shortly after birth during the transition 
from fetal to ext raute r i ne 1 ite. Co n t i nu ed pa t ency of t he d u c - 
tus arteriosus for more than a few days after birth is called 
patent ductus arteriosus (PDA), 


SYNONYMS 


Per si sic j it d u ctus arteries u s> P DA 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


PDA is one of the most common congenital heart defects of 
dogs; it ako occurs in cats. PDA typically causes a left-to- 
right shunt that results in volume overload of the left vent ri¬ 
de and produces left ventricular dilation. Progressive left 
ventricular dilation distends the mitral valve annulus, caus¬ 
ing secondary regurgitation and additional ventricular over¬ 
load. This severe volume overload leads to left-sided conges¬ 
tive heart failure and pulmonary edema, usually within the 
first year of life. Atrial fibrillation may occur as a late sequela 
due to marked left atrial dilation. 

Rarely, dogs with PDA develop suprasystemic pulmo¬ 
nary hypertension that reverses the direction of flow 
through the shunt, causing severe hypoxemia and cyanosis 
(Eisenmengers physiology). Right-to-left PDA can occur as 
a late sequela (6 months) to untreated PDA. When right-to - 
left PDA is noted in very young animals, it may be due to 
persistent pulmonary hypertension after birth. Reversal of 
PDA lessens the risk for developing progressive left-sided 
heart failure but causes severe debilitating systemic hypox¬ 
emia, exercise intolerance, and progressive polycythemia. 


Radiography/Echocardiography 

Thoracic radiographs typically show left atrial and ventricu¬ 
lar enlargement, pulmonary overcirculation, and a charac¬ 
teristic dilation of the descending aorta on the dorsoventral 
view. Echocardiography provides information that further 
confirms PDA and helps exclude concurrent cardiac defects, 
but it is not invariably required to establish the diagnosis, 
Echocardiographic findings that support a diagnosis of PDA 
include left atrial enlargement, left ventricular dilation and 
hypertrophy pulmonary artery dilation, increased aortic 
ejection velocity, and 
Doppler flow pattern in the pulmonary artery. 

With right-to-left PDA, thoracic radiographs show evi¬ 
dence of biventricular enlargement, marked dilation of the 
main pulmonary artery segment, enlargement and tortuos¬ 
ity of lobar pulmonary arteries, Echocardiographic features 
typically include right ventricular dilation and thickening, 
dilation of the main pulmonary artery and flattening of the 
interventricular septum. A right-to-left PDA can be docu¬ 
mented by performing a saline bubble contrast echocardio¬ 
gram. Observing bubbles in the descending aorta, but not in 
any left-sided cardiac chamber, is diagnostic. 

Laboratory Findings 

Laboratory abnormalities are uncommon in animals with 
left-to-right shunting PDA; however, animals with right-to- 
ieft shunts are commonly polycythemic. Polycythemia oc¬ 
curs in response to increased erythropoietin production due 
to chronic hypoxemia. 


chara cte r is tic re vers e t u rb ul e n t 


DIAGNOSIS 

Clinical Presentation 

Signal men t* PDA is seen more commonly in purebred, 
female dogs. Maltese, Pomeranians, Shetland sheepdogs, 
English springer spaniels, keeshonden, bichons frises, minia¬ 
ture and toy poodles, and Yorkshire terriers are at an in¬ 
creased risk for developing PDA, A genetic basis has been es¬ 
tablished in poodles. 

History, Most young animals with PDA are asympto¬ 
matic or have only mild exercise intolerance. The most com¬ 
mon complaint in symptomatic animals with left - to-right 
shunts is cough or shortness of breath (or both) due to pul¬ 
monary edema. Animals with right-to-left or reverse PDA 
maybe asymptomatic or have exercise intolerance and hind 
limb collapse during exercise. 

Physical Examination Findings 

The most prominent physical finding associated with PDA is 
a characteristic continuous (machinery) murmur heard best 
at the high left heart base or left axillary region. The left api¬ 
cal cardiac impulse is prominent and displaced caudally, and 
a palpable cardiac “thrill 1 ' often is present. Femoral pulses are 
strong or hyperkinetic (water hammer pulse) due to a wide 
pulse pressure caused by diastolic runoff of blood through 
the ductus. Tall R waves (greater than 2.5 mV in lead II) or 


i 


i 


DIFFERENTIAL DIAGNOSIS 


The characteristic physical examination findings (i.e 
tinuous murmur, bounding arterial pulses) make diagnosis 
of PDA straightforward in most affected animals, A combi¬ 
nation of aortic stenosis/aortic insufficiency (see p. 694) or 
ventricular septal defect/aortic insufficiency (see p. 696) re¬ 
sults in a to-and-fro murmur that may be difficult to differ¬ 
entiate from continuous PDA murmurs. In animals in which 
the diastolic component of the PDA murmur is difficult to 
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morrhage occurred at the same rate as for ligation methods 
and was typically associated with dissection of the cranial as¬ 
pect of the ductus. One dog of 20 reported had residual duc¬ 
tal flow identified 5 days after surgery; re canalization was 
not apparent in the remaining dogs. The aortic aneurysmal 
dilatation seen in dogs with PDA persisted; however, a re¬ 
duction in cardiac chamber size and resolution of mitral 
valve insufficiency was seen. 

Intravascular coils are now used routinely for closure of 
patent ductus arteriosus (Fig. 29-8). This technique has the 
advantage of not requiring a thoracotomy; percutaneous ac¬ 
cess to the femoral artery or a femoral artery cut-down are 
used. The coil or coils are placed in the ductus under fluoro- 

, and complete occlusion is verified by injec¬ 
tion of contrast agent into the aorta (Fig. 29-9), 


detect, other differentials would include subaortic stenosis, 
pulmonic stenosis, atrial septal defect, and ventricular septal 
defect. Differentials for dogs with right-to-left PDA include 
tetralogy of Fallot, right-to-left shunting, atrial or ventricu¬ 
lar septal defects, or other complex forms of cyanotic heart 
disease (rare). 


MEDICAL MANAGEMENT 


Animals with pulmonary edema should be given furosemide 
(Table 29-8) for 24 to 48 hours before surgery. If atrial fib¬ 
rillation is present, the ventricular response rate should be 
controlled using digoxin (with or without beta-adrenergic- 
blockers or calcium channel blockers) before surgery. If he- 
modynamicaHy significant arrhythmias are present, they 
must be controlled. Complete resolution of clinical signs ol 
congestive heart failure may be difficult with medical man¬ 
agement alone. 


scopic guidance 




SURGICAL TREATMENT 


Surgical correction of PDA is accomplished by ligation of 
the ductus arteriosus. Ligation of PDA is considered curative 
and should be performed as soon as possible after diagnosis. 
Secondary mitral regurgitation usually regresses after sur¬ 
gery due to reduction in left ventricular dilation. Inadvertent 
ductal rupture during dissection is the most serious compli¬ 
cation associated with PDA repair. The risk of this compli¬ 
cation decreases with more experienced surgeons. Small 
ruptures, especially those on the back side of the ductus, of¬ 
ten respond to gentle tamponade, but they will enlarge and 
worsen if dissection is continued. Large ruptures must be 
controlled immediately with vascular damps and then re¬ 
paired with pledget-buttressed mattress sutures. Once bleed¬ 
ing is controlled, a decision must be made whether to con¬ 
tinue surgery or to stop in favor of repair at a later time. 
Second surgeries are more difficult due to adhesions at the 

site, so complete occlusion should be attempted 
during the initial procedure, if possible. Simple 
tion is often not possible after a rupture has occurred. In 
such instances, surgical alternatives include ductal closure 
with pledget-buttressed mattress sutures or ductal division 
and closure between vascular damps. The divided ductal 
ends are closed with a continuous mattress suture oversewn 
with a simple continuous pattern. Ductal closure without di¬ 
vision is safer than surgical division, but recannulation of 
the ductus may occur. Because ductal division requires addi¬ 
tional technical expertise, only experienced surgeons should 
perform this procedure. 

Placement of hemoclips 
dissection has recently been reported (Corti et 


FIG 29-8 

Intravascular coil used to occlude a patent ductus arteriosus. 

(Courtesy Dr. M Miller, Texas A&M University,) 


a- 




on the ductus to avoid medial 
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Perioperative Diuretics 


FIG 29-9 


h taken after de 


Radiogra 

Contrast has been injected into the aorta at the site of coil 
deployment to verify complete occlusion of the ductus, 
(Courtesy Dr. M Miller, Texas A&M University.) 
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Furosemide [Lasix} 

2-4 mg/kg IM or IV, qid 
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Preoperative Management 

Preoperative arrhythmias should be controlled before sur¬ 
gery If the animal has signs of congestive heart failure 
treatment with positive inotropes (i.e„, digoxin), vasodila 
tors (i.e., hydralazine, enalapril), and diuretics (i,e 
furosemide) should be initiated p reaper at ively. Excessive 
diuretics and/or vasodilators may cause hypotension and 
should be avoided. 
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Anesthesia 

Bradycardia occasionally occurs during PDA ligation. An an¬ 
ticholinergic (i.e., atropine or glycopyrrolate) should be 
available and should be given if the heart rate drops below 60 
beats per minute. Blood should be available for transfusion 
if excessive hemorrhage occurs during the surgical proce¬ 
dure. Techniques for anesthetic management of cardiovas¬ 
cular patients are discussed on p. 676. 

Surgical Anatomy 

The ductus arteriosus in clogs and cats is 
proximately 1 cm) but relatively short (less than 1 cm). It is 
located between the aorta and main pulmonary arteries, 
caudal to the origin of the brachycephalic and left subclavian 
arteries. As a result, most mixing of oxygenated and nonoxy 
genated blood occurs in the descending aorta in dogs with 
reverse PDA. Thus, normally oxygenated blood is supplied 
to the head and neck, while desaturated blood is presented to 
the caudal half of the body (see the comments in the Differ 
entiai Diagnosis section on p, 687), The left vagus nerve a! 
ways passe s ove r th e duct us arterio s us and must be identi¬ 
fied and retracted during dissection. The left recurrent 
laryngeal nerve can often be identified as it loops around the 

ductus. 
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FIG 29-10 


During PDA ligation, elevate and retract the left vagus nerve 
to expose the ductus arteriosus. The left recurrent laryngeal 
nerve may be seen as it separates from the vagus nerve and 
courses caudally around the ductus arteriosus 
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Positioning 

The animal is positioned in right lateral recumbency, and 
the left thorax is prepared for aseptic surgery. 
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SURGICAL TECHNIOUE 








Perform a ieft fourth space intercostal thoracotomy (see 
p. 764J. Identify the left vagus nerve as it courses over the 
ductus arteriosus and isolate it using sharp dissection at 
file/eve/ of the ductus. Place a suture around the nerve and 
gently retrod it (Fig. 29-10). Isolate the ductus arteriosus 
by bluntly dissecting around it without opening the peri¬ 
cardial sac. Pass a right-angle forceps behind the ductus , 
paraitef to its transverse plane , to isolate the caudal aspect 
of the ductus. Then, dissect the cranial aspect of the ductus 
fay bng/ing tfie forceps caudally approximately 45 degrees 
(Fig. 29- J J J, Camp/ete dissection of the ductus by passing 

forceps from medial to the ductus in a caudal to cranial di¬ 
rection. Grasp the suture with right-angle forceps. Slowly 
pufl tee suture beneath the ductus, if the suture does not 
slide eas ily a rou nd the duetus, do not force 1 1. Reg ra sp th 
suture and repeat the process, being careful not to include 
surrounding soft tissues in the forceps , Pass a second su¬ 
ture using the same maneuver Alternatively, the suture 
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FIG 29-1 1 

Isolate the craniomedtal aspect of the ductus arteriosus by 
bluntly dissecting with an angled forceps. The forceps should 
be directed at a 45-degree angle from the transverse plane. 






























may be passed as a double loop and the suture cut so that 
the surgeon has two strands (Fig. 29-12). Slowly tighten 
the suture closest to the aorta first. Then tighten the 
maining suture . 
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FIG 29-13 

Ligate the PDA by passing two ligatures around the ductus 
arteriosus. Tie the ligatures separately. 


PULMONIC STENOSIS 


DEFINITIONS 


Pulmonic stenosis is a congenital narrowing of the pulmonic 
valve, pulmonary artery, or right ventricular outflow tract. 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


SYNONYMS 


Heavy silk (No. 1 or 0) or cotton tape is a suitable material 
for ductal ligation. Large hemoclips have also been used. 
Right-angle forceps are best suited for blunt dissection of the 
PDA and passing ligatures* Angled or tangential vascular 
clamps are required for surgical division of PDA, or for re¬ 
pair of inadvertent ruptures. Polypropylene mattress sutures 
(4-0), buttressed with Teflon pledgets, are used tor repair of 
ruptured PDA. 


Pulmonic valve dysplasia, right outflow tract obstruction , PS 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Pulmonic stenosis (PS) is a common congenital heart defect 
in dogs and an uncommon defect in cats. In dogs, the con¬ 
dition is usually valvular, although supravalvular and sub¬ 
valvular defects have been reported* Subvalvular stenosis 

isolated defect but more often oe- 


POSTOPERATIVE CARE 
AND ASSESSMENT 


can occur as a primary 
curs from infundibular hypertrophy secondary to a primary 
valvular stenosis. Valvular stenosis may be simple, consist¬ 
ing of incomplete separation of valve leaflets, or it may be 
due to valve dysplasia characterized by a hypoplastic valve 
annulus and thickened immobile valve lea (lets. More than 


Postoperative pain should be treated with systemic opioids 
and local anesthetic techniques. Bupivacaine may be used 
Intercast ally or intrapleurally to supplement analgesia (see 
p* 761). Young animals should be fed as soon as they are fully 
recovered from surgery* Thoracostomy tubes are occasion¬ 
ally placed before thoracic closure (e*g*, if intraoperative 
bleeding occurred)* They can generally be removed within 
12 to 24 hours after surgery. 


80% of dogs with valvular PS have some degree of valve 
dysplasia* 


causes pressure overload and hypertrophy of the right 
ventricle* Right ventricular hypertrophy often compounds 
right ventricular outflow obstruction by narrowing the right 
ventricular outflow tract. Narrowing of the right ventricular 
outflow tract is greatest during systole, producing a dynamic 
obstruction that contributes to the fixed stenosis* Dynamic 


PROGNOSIS 


Dogs with untreated PDA usually develop progressive left¬ 
sided congestive heart failure and pulmonary edema. Sev¬ 
enty percent of dogs with untreated PDA die before 1 year 
of age* Dogs with PDA may also develop suprasystemic pul¬ 
monary hypertension that reverses the direction of the 
shunt causing severe hypoxemia, cyanosis, and exercise in¬ 
tolerance* Ligation of a completely reversed PDA is con¬ 
traindicated. 


stenosis has important implications for surgical repair of PS. 
Dogs with mild to moderate obstructions may remain 
asymptomatic, whereas dogs with severe obstructions may 
show exercise intolerance, syncope, progressive right-sided 
con ge st ive hea r t fa il ure, or sud den de ath * 
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DIAGNOSIS 

Clinical Presentation 

Signalmen!. English bulldogs, beagles, miniature 
sehnauzers, cocker spaniels, Samoyeds, mastiffs, and terrier 
breeds are at increased risk for developing PS. English bull¬ 
dogs and boxers have a high concurrent incidence of aber¬ 
rant left coronary artery (due to a single right coronary ar¬ 
tery i s which has important surgical implications. 

History* Young animals with PS are often asymptomatic. 
Advanced cases may present with exercise intolerance, syn¬ 
cope, or abdominal distention from ascites. 

Physical Examination Findings 

The predominant physical finding is a systolic ejection mur¬ 
mur heard best at the left heart base. The electrocardiogram 
may show prom inen t S waves i n 1 eads I T M, III, and aVF in - 
dicat ive of a right axis shift and right ventricular hypertrophy. 

Radiography/ Echocardiography 

Thoracic radiographs show varying degrees of right ventric¬ 
ular enlargement and main pulmonary artery segment en¬ 
largement. Diagnosis of PS can be confirmed by echocardio¬ 
graphy. Cardiac catheterization is usually only necessary if 
abnormal coronary anatomy is suspected or an intervention 
procedure (e.g„ percutaneous balloon valvuloplasty) is per¬ 
formed. Echocardiographic findings include right ventricu¬ 
lar hypertrophy, poststenotic dilation of the main pul¬ 
monary artery; malformation of the pulmonic valve, and a 
high pulmonary flow velocity. A systolic pressure gradient 
across the stenosis can be measured directly by right heart 
catheterization or calculated from the Doppler-derived peak 
systolic pulmonic flow velocity (pP 

Laboratory Findings 

Specific laboratory abnormalities are not found in animals 
with PS. 


mm Hg, moderate when 
they are between 50 and 75 mm Hg, and severe when they 
are greater than 75 mm Hg. Animals with PS that have no 
signs, mild hypertrophy, and a pressure gradient less than 50 
mm of Hg generally do not require surgical intervention. If 
the pressure gradient is greater than 50 mm Hg and right 
ventricular hypertrophy is significant, surgical correction 
should be considered. 

English bulldogs with PS present a therapeutic dilemma 
because of the possibility of concurrent aberrant left coro¬ 
nary artery. In dogs with this defect, the left coronary artery 
courses across the right ventricular outflow tract and is at 
risk for injury during valve dilation. Sudden death due to 
rupture of the coronary artery has occurred during balloon 
valvuloplasty. Aberrant left coronary artery also precludes 
patch-graft valvuloplasty. A valved or nonvalved conduit 
placed between the l ight ventricle and pulmonary artery is a 
possible surgical option for this condition. 

Preoperative Management 

Right-sided congestive heart failure or cardiac 
should be managed medically before surgery. See preoperative 
management of animals with cardiovascular disease on p. 675. 

Anesthesia 

Refer to p. 676 for anesthetic management of cardiac patients. 

Surgical Anatomy 

The pulmonary valve is approached through a left fourth or 
fifth intercostal thoracotomy or median sternotomy. The 
valve consists of right, left, and intermediate semilunar 
cusps. Sounds associated with lesions of the pulmonary 
valve may be heard best at the fourth intercostal space, 
slightly below a line drawn through the point of the shoul¬ 
der. See the comments about concurrent aberrant left coro¬ 
nary arteries above. 

Positioning 

Animals are positioned in right lateral recumbency, and the 
entire left hemithorax is prepared for aseptic surgery. 


mild when they are less than 50 


arrhythmias 


4 V 2 ), 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include subvalvular aortic stenosis, 
ventricular septal defect, atrial septal defect, and tetralogy of 

Fallot. 


SURGICAL TECHNIQUES 


MEDICAL MANAGEMENT 


Surgical options for correction of PS include valve dilation 
and patch-graft valvuloplasty. Animals with moderate pres¬ 
sure gradients, simple valvular lesions, and moderate in¬ 
fundibular hypertrophy are most likely to benefit from valve 
dilation techniques, whereas animals with severe pressure 
gradients, dysplastic valve lesions, or severe hypertrophy are 
less likely to respond. Patch-graft valvuloplasty is indicated 
for severe PS, particularly if marked infundibular hypertro¬ 
phy and dynamic stenosis are suspected. Patch-graft valvulo¬ 
plasty also can be used effectively to relieve concurrent or 
isolated supravalvular PS. 


There is no specific medical therapy for PS other than sympto¬ 
matic treatment for congestive heart failure, if it occurs. Percu¬ 
taneous balloon valvuloplasty is a nonsurgical alternative for 
correction of moderate to severe PS, if facilities and skilled per¬ 
sonnel tor cardiac catheterization are available. Simple valvular 
PS is more amenable to balloon valvuloplasty than severe pul¬ 
monic valve dysplasia or severe PS with dynamic obstruction. 


t 


t 


SURGICAL TREATMENT 


rherapy for PS is based on its degree of severity and the type 
oi legion present. Severity is judged by the presence of signs, 
extent of right ventricular hypertrophy, and magnitude of 

gradient. Systolic pressure gradients meas- 
• red i tu i seda te d or un anesth e t i zed a n i m a Is a re co ns i de re d 


Valve Dilation 

Perform a left fourth intercostal thoracotomy. Open the peri¬ 
cardium over the right outflow tract and suture it to the 


7 


systolic pressure 


d 
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Soft Tissue S i i rgery 


PART Ml 


important to remove air from the heart by disconEin- 


thoracotomy incision . Place o buttressed mattress suture in 
the right ventricular outflow tract and pass it through a 
tourniquet Make a stab incision in the ventricle and pass a 
dilating instrument into the right ventricular outflow tract and 

the pulmonic valve (Fig, 29 - 13). Dilate the pulmonic 




uing inflow occlusion just before tieing the last suture. 


SUTURE MATERIALS/ 


SPECIAL INSTRUMENTS 


across 


Polypropylene (3-0) suture buttressed with Teflon pledgets 


alve several times by opening 


an 


V 


suitable for transventricular valve dilation. Valve dilation 


strumenl Remove the instrument and close the ventricular in- 


* 


can be accomplished with a Cooley or Tubbs valve-dilating 


c/s ion by tieing the mattress suture . 


instrument or with an appropriate size hemostatic forceps, 


Open-Patch Graft Correction 


polytetrafluoroethylene (PTFE) 


Synthetic materials such as 


or autogenous pericardium can be used for the patch-graft 


Open-patch graft correction of PS is performed with inflow 


procedure. Polypropylene (4-0) suture is appropriate for sli¬ 


ced usion and mild hypothermia (32° C to 34 u C). Circula- 


turing the patch-graft. 


Lory arrest time should be less than 5 minutes. 


POSTOPERATIVE CARE 


Perform o left fifth intercostal thoracotomy. Pass tape tourni 


AND ASSESSMENT 


quete Ground the vena cavae and azygous vein (see Inflow 
Occlusion on p. 678). Make a partial thickness incision In 


Postoperative pain should be treated with systemic opioids 


and local anesthetic techniques (see p. 760 tor post-thoraco 


the right ventricular outflow trad (Fig. 29-14, A). Suture an 
autogenous pericardial or synthetic patch to the ventriculo¬ 
tomy incision and the cranial aspect of the pulmonary artery 
(Fig. 29-14, Bj. initiate venous inflow occlusion and make 
full-thickness incisions into the pulmonary artery and right 


— 


to my analgesia). Animals should be monitored for pul 


monary edema after surgery. If pulmonary edema occurs, it 


sh o ul d be t re a te d w i t h fu ros e m ide. 


PROGNOSIS 


ventricle (Fig. 29-14, C). Incise or excise dysplastic pulmonic 

necessary. Complete suturing of the pul- 


Valve dilation is associated with minimal risk of compiica- 


valve leaflets 


os 


tions and carries a low operative mortality, but it is less likely 


man ary a rtery to th e pa tch -g ra ft and disco n tin ue / n flow oc - 


to be effective for severe PS, Patch grafting is effective in re- 


clusion (Fig. 29-14, D and EJ. Resuscitate the heart. 


of technical errors dur- 


lieving severe PS but is unforgivin 


ing surgery. Operative mortality for this procedure is ap¬ 


proximately 15% to 20% in the hands of an experienced 


surgeon. The most common problem encountered is inabil¬ 


ity to resuscitate the heart after inflow occlusion. 


The prognosis for dogs with PS depends on its severity. 
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FIG 29-1 3 
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Perform transventricular dilation of the pulmonic 

pledget-buttressed mattress suture in the right 
ventricular wall, ventral to the pulmonic valve. Pass the 
suture ends through tubing to form a tourniquet. Make a stab 
incision in the ventricle and pass a dilating instrument into 


Buchanan JW: Pulmonic stenosis caused by single coronary artery in 


vaive 


placing 
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PART III Soft Tissue Surgery 


Physical Examination Findings 

The predominant physical finding in animals with SAS is a sys¬ 
tolic ejection murmur heard best at the left heart base. The 
murmur radiates well to the right base and thoracic inlet. In 
moderate to severe cases, femoral pulses are noticeably weak or 
hypokinetic, unless substantial concurrent aortic insufficiency 
is present. Electrocardiograms may show a left cranial axis shift 
or ventricular ectopy, but they are usually unremarkable. 


AORTIC STENOSIS 


DEFINITIONS 


Aortic stenosis is a congenital narrowing of the aortic valve, 
aorta, or left ventricular outflow tract. The stenosis may be 
supravalvular, valvular, or subvalvular. 


SYNONYMS 


Radiography/Echocardiography 


Subvalvular aortic stenosis, subaortic stenosis, SAS 


Thoracic radiographs may reveal a normal cardiac silhouette 
or mild left ventricular enlargement. Enlargement ol the as¬ 
cending aorta frequently is evident. 

Definitive diagnosis of SAS is obtained by echocardiography 
M-mode echocardiography demonstrates variable left ventricu¬ 
lar ffeewall and septal thickening, depending on severity With 
moderate to severe disease, left ventricular diameter is small un¬ 
less substantial concurrent aortic or mitral insufficiency is pres¬ 
ent, Systolic anterior motion (SAM) of the mitral valve may 
cause mitral insufficiency. Early closure of the aortic valve sug¬ 
gests that dynamic obstruction may be present. Two-dimen¬ 
sional echocardiography provides direct visualization of the var¬ 
ious morphologic components of the lesion. Doppler-measured 
aortic velocities are increased. The systolic pressure gradient 
across the aortic valve can be calculated from the peak aortic ve¬ 
locity (rP = 4 V 2 ). Systolic gradients of 25 to 50 mm Hgare mild, 
50 to 75 mm Hg are moderate, and greater than 75 mm Hg are 
severe when measured in unsedated or unanesthetized animals. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Subvalvular aortic stenosis (SAS) is the second most com¬ 
mon congenital heart defect of dogs and is the most im¬ 
portant defect affecting large-breed dogs. Aortic stenosis 
(AS) occurs uncommonly in cats. Subvalvular AS accounts 
for greater than 90% of canine cases and occurs with 
widely disparate morphology and severity The typical le¬ 
sion is a discrete subvalvular fibrous ring that courses 
across the ventricular septum and reflects onto the anterior 
mitral valve leaflet. This lesion often is complicated by 
varying degrees of muscular septal hypertrophy and di ffuse 
fibrosis of the outflow tract. The most severe lesions are as¬ 
sociated with an immobile mitral valve leaflet that effec¬ 
tively results in a tunnel-like stenosis. In most cases, SAS is 
associated with some degree of aortic insufficiency; how¬ 
ever, this is usually mild. Concurrent mitral valve insuffi¬ 
ciency also occurs. 

Subvalvular AS causes pressure overload of the left ven¬ 
tricle. Varying degrees of left ventricular concentric hyper¬ 
trophy develop depending on severity. Dogs with moder¬ 
ate to severe SAS are at risk for sudden death, presumably 
the result of myocardial ischemia and malignant ventricu¬ 
lar arrhythmias. Dogs with SAS also may develop conges¬ 
tive heart failure, particularly if concurrent mitral insuffi¬ 
ciency is present. Lastly dogs with SAS are at increased 
risk for developing bacterial endocarditis of the aortic- 
valve due to turbulent blood (low that occurs around the 
valve. 


Laboratory Findings 

Spe ci fi c 1 a b oratory a bno rma lit ies a re n o t a ssoci a ted w i t h SAS, 


DIFFERENTIAL DIAGNOSIS 


Aortic stenosis must be differentiated from other conditions 


that may cause systolic murmurs (i.e., pulmonic stenosis, 
ventricular septal defect, tetralogy of Fallot), Physiologic 
(fl ow/ innocent} systo 1 ic mu r mu rs are co mmo nly detecte d in 
large-breed dogs but are usually low grade (i.e., I or II) com¬ 


pared with dogs with SAS, 


MEDICAL MANAGEMENT 


Beta-adrenergic blockage therapy with propranolol or 
atenolol (Table 29-9) may reduce the risk for sudden death 


DIAGNOSIS 

Clinical Presentation 

Signafment* Newfoundlands, golden retrievers, rot¬ 
tweilers, German shepherds, boxers, and Samoyeds are at in¬ 
creased risk for developing SAS. A genetic basis for SAS has 
been established in Newfoundland dogs. Phenotypic expres¬ 
sion of SAS occurs a short time after birth. The defect may 
not be clinically apparent until several weeks of age. Sub¬ 
valvular AS should be considered a progressive lesion until 

maturity 

History, Dogs with SAS may be asymptomatic or exhibit 
exercise intolerance, collapse, or syncope. Lack of clinical 
signs is not an appropriate reason to delay diagnostic evalu¬ 
ation because the first clinical evidence of SAS may be sud¬ 
den death. 


TABLE 29-9 


Beta-adrenergic Blockers 


Propranolol (Inderol) 

0.2-2.0 mg/kg PO, bid to tid 


Atenolol (Tenormin) 


Dogs: 6,25-50 mg/dog PO, sid to bid 
Cats: 6,25-1 2.5 nag/cat PO, sid to bid 
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Chapter 29 Surgery of the Cardiovascular System 


Anesthesia 

Refer to p, 676 for anesthetic recommendations for cardiac 

patients. 

Surgical Anatomy 

The aortic valve consists of right, left, and noncoronary semi¬ 
lunar cusps. The three aortic sinuses are dilations of the aorta 
on the vessel side of the valve; the right and left coronary ar¬ 
teries leave the right and left sinuses. The aortic bulb is a 
widening of the base of the ascending aorta formed by the 
aortic sinuses. The sounds associated with lesions of the aor¬ 
tic valve may be heard best at the fourth intercostal space, 
slightly below a line drawn through the point of the shoulder. 
Subvalvular stenosis usually consists of a discrete fibrous 
ring located 1 to 3 mm below the aortic valve leaflets. The 
ring generally extends across the septum and reflects onto 
the anterior mitral valve leaflet. The conduction system (His 
bundle) courses through the septum at the juncture of the 
right and noncoronary aortic leaflets. 

Positioning 

The animal is positioned in dorsal recumbency to perform a 

transventricular aortic valve dilation. The entire sternum 
from proximal to the manubrium to distal to the xiphoid 
cartilage is prepared for aseptic surgery. Open resection of 
aortic stenosis is performed through a fourth right inter¬ 
costal thoracotomy. 

SURGICAL TECHNIQUES 

Transventricular Aortic Valve Dilation 

Perform a median sternotomy (see p, 764). Open the peri - 

d suture it to the incision to elevate the apex of 
the heart . Place a buttressed mattress suture in the left ven¬ 
tricular apex and pass it th rough o tourniquet. Pass a Coo¬ 
ley valve dilator through a stab incisi 
and position it in the left ventricular outflow /roct by palpat- 

i ng the ascending ao rta (Figs . 29-16 and 29-17). Open the 

valve dilator several times to widen the outflow tract 


by decreasing myocardial oxygen requirements and sup¬ 
pressing ventricular arrhythmias during exercise. Sympto¬ 
matic treatment (Le„ furosemide, enalapril) for congestive 
heart failure is indicated if it occurs. Balloon valvuloplasty 
may be somewhat beneficial in animals with moderate SAS 
if facilities for cardiac catheterization are available. 


s- 


le 


or 


cy 
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SURGICAL TREATMENT 


Surgical intervention should be considered for dogs with 
substantial left ventricular hypertrophy and systolic gradi¬ 
ents above 75 mm Hg. If surgery is undertaken, it should be 
done early to minimize degenerative myocardial changes. 
Surgical options for dogs with SAS include valve dilation 
and open resection. Open resection during cardiopul¬ 
monary bypass is currently the most effective treatment for 

dogs (Fig. 29-15). Direct visualization of the 
defect, excision of the discrete fibrous ring, and septal mvec- 
io my can be performed. The latter is indicated if septal hy¬ 
pertrophy is causing dynamic outflow obstruction. Open re¬ 
section of SAS can be performed in dogs with less than 10% 
operative mortality by veterinary centers experienced with 
cardiopulmonary bypass. 
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Preoperative Management 

Arrhythmias should be controlled with appropriate antiar- 
rhythmic drugs (Le„ atenolol, procainamide, tocainamide, 
sotolol) before surgery (see p. 675), Beta-adrenergic block- 
ade should be discontinued 24 hours before surgery by grad¬ 
ually tapering the dose over 3 to 5 days. 


SAS. 
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c o m - 


the left ventricle 




SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


\ 


83N 


Yv 




Valve dilation by a transventricular approach is accom¬ 
plished with a Cooley valve dilator (see Fig, 29-16). 
Polypropylene (3-0) suture buttressed with Teflon pledgets 
is used for the transventricular mattress stitch. 


ol or 
death 


\ 


POSTOPERATIVE CARE 
AND ASSESSMENT 


\ 


Ventilation should be monitored carefully in the early post¬ 
operative period, Poor ventilatory efforts may be associated 
with residual pneumothorax, hemorrhage, anesthetic 
agents, or pain. Heart rate and rhythm should be monitored 
postoperatively for 48 to 72 hours, and hemodynamically 
significant arrhythmias should be treated. Blood pressure 
should be measured by direct or indirect means until the an¬ 
imal is fully recovered from anesthesia. Analgesics (local 
anesthetic techniques and systemic opioids) should be given 




FIG 29-15 

Open resection for subvalvular aortic stenosis is 
accomplished through on aortotomy during cardiopulmonary 
bypass. Gently relracl the aortic valve leaflets and sharply 
excise the subvalvular obstruction from the ventricular septum 
end mitral valve, (Modified from Orton EC: Small animal 

thoracic surgery, Philadelphia, 1995, Williams & Wilkins.) 
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risk for sudden death in the first several years of life (Kienle 
et al, 1994). Valve dilation can be performed at an early age 
with low operative mortality and without cardiopulmonary 
bypass. However, there is little evidence that valve dilation 
results in sustained reduction in the systolic pressure gradi- 

the long-term benefit of this procedure is question¬ 
able. Modest gradient reduction (30% to 40%) has been 
achieved in approximately 33% of dogs that undergo valve 
dilation by balloon catheter. It is unclear if valve dilation 
duces the risk for sudden death. 

Open resection of SAS under cardiopulmonary bypass 
may result in a 70% to 90% reduction of the systolic pressure 
gradient that is sustained for at least several years after sun 
gery {Monnet etal, 1996). However, in a recent retrospective 
study of 44 dogs undergoing open surgical correction of sub¬ 
valvular aortic stenosis, a positive benefit on survival was not 
found despite this reduction in the systolic pressure gradient 
iOrton et al, 2000). These dogs appear to remain at high risk 
for sudden death associated with either profound reflex va¬ 
sodilation and bradycardia or fatal ventricular dysrhythmia. 
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FIG 29-16 


Transventricular dilation of 

valve dilator. 


aortic valve using a Cooley 


on 
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VENTRICULAR SEPTAL DEFECT 


■ 






FIG 29-17 

For transventricular dilation of the aortic 
pledget-buttressed mattress suture fn the left ventricular apex. 
Pass the suture ends through tubing lo form a tourniquet. 
Moke a small stab incision in the left ventricle and pass a 
dilating instrument across the left ventricular outflow tract 
while palpating the ascendin 


DEFINITIONS 


place a 


va ve 


Ventricular septal defect is a congenital defect that results 

or incomplete development of the membranous 
or muscular interventricular septum. 






aorta. Dilate the outflow tract 
rom Orton EC: Small animal 
thoracic surgery, Philadelphia, 1995, Williams & Wilkins.) 


SYNONYMS 


e limes, (Modifie 


ree 


VSD 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


to decrease postoperative discomfort (see Table 29-7 and 
p- 760). Urine output should be monitored if hypotension 
occurred during or after surgery. 




Ventricular septal defect (VSD) is the second most common 
congenital heart defect in cats and accounts for 5% to 10% 
of congenital heart defects seen in dogs. The etiology of VSD 
is incompletely understood but is suspected to have a genetic 


PROGNOSIS 




Retrospective analysis of dogs with SAS suggests that those 
with systolic gradients above 75 mm Hg have a substantial 
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component. VSD has been demonstrated to be a polygenic 
■rail in keeshonden. Most ventricular septal defects in small 
animals occur in the membranous septum. Per intern bra- 
nous defects are 1 o cated i n the m e m b ra i i ous sep turn > m e d i al 
to the septal tricuspid leaflet, and inferior to the crista 
supraventricular is. Infundibular or supracristal defects are 

located in the right outflow tract superior to the crista 

supraventricularis. 

The pathophysiology of VSD depends on the size of the 
detect and on pulmonary vascular resistance. VSD typically 
causes a left-to-right shunt* A typical VSD overloads the left 
heart and, depending on its size and location, may overload 
the right heart as well. A large VSD can progress to left-sided 
congestive heart failure. Chronic overcirculation of the lungs 
can cause progressive pulmonary vascular remodeling lead¬ 
ing to severe pulmonary hypertension and right-to-left 
shunting of blood (Eisenmenger s physiology). Residence at 
altitude likely accelerates the development of pulmonary hy¬ 
pertension. 

Aortic insufficiency is a fairly common secondary abnor¬ 
mality associated with VSD, particularly infundibular VSD. 
Aort ic i ns ufficien cy resul ts fro m p rol a p se of a n aortic \ ea tl et 
into the defect. This prolapse is due to the Venturi effect as¬ 
sociated with VSD flow and loss of support of the aortic an¬ 
nulus, Aortic insufficiency adds to the left ventricular vol¬ 
ume overload and is usually progressive. 

DIAGNOSIS 

Clinical Presentation 

Signalment, No breed predisposition has been clearly 
determined for VSD; however, English bulldogs may have a 
higher than expected incidence* 

History, Young animals with VSD often are asympto¬ 
matic at first presentation. Animals with large VSD may 
present with signs of left-sided congestive heart failure (i.e., 

cough and shortness of breath). 

Physical Examination Findings 

l lie most prominent physical finding associated with VSD is 
a systolic murmur with the point of maximal intensity at the 
right sternum. The murmur usually also is heard well at the 
left heart base. The murmur is ejection in quality if the de¬ 
fect is small, and regurgitant if the defect is large. A diastolic 
hi 1 >wi ng m ur mur at th e le ft h e a rt ba s e ca n gi ve them urm u r 
J continuous quality and suggests the presence of concur¬ 
rent aortic 

have no murmur due to polycythemia. 

Radi og ra p h y / E c hoc a rd i og ra p h y 

Thoracic radiographs reveal varying degrees of left or 
tritu I ar enlargement depending on the size of the defect. The 
degree of pulmonary vascular enlargement from overcircu- 
Iation also depends on the size of the defect and pulmonary 
vascular resistance. A VSD larger than 5 mm usually cau be 
visualized directly on two-dimensional echocardiography 
Color-flow Doppler is particularly useful for detecting small 
defects. The direction and velocity of shunt flow can be de¬ 
termined by spectral Doppler. A high velocity 3eft-to-right 


shunt suggests that the VSD is “restrictive 1 or hemodynami- 
cally insignificant and warrants a good prognosis. Large de¬ 
fects are usually associated with lower shunt velocities and 
suggest the animal is at risk for development of progressive 
heart failure or pulmonary hypertension* The pulmonary to 
systemic flow ratio can be calculated from Doppler analysis 
of aortic and pulmonary flows* Pulmonary to systemic flow 
ratios (Q p : QJ greater than 2:1 arc indicative of a hemody- 
namically significant VSD. 

Laboratory Findings 

Polycythemia may be present in dogs with right-to-left 
shunts. 






DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include subaortic stenosis, pulmonic 
stenosis, tetralogy of Fallot, atrial septal defect, and atri¬ 
oventricular septal defects. 




MEDICAL MANAGEMENT 


Medical management for VSD (Table 29-10) consists of 
symptomatic treatment for congestive heart failure. Useful 
drugs for congestive heart failure Include ACE Inhibitors 
(i.e*, enalapril), diuretics (i.e., furosemide), and digitalis gly¬ 
cosides (le*, digoxin). There is no effective medical manage¬ 
ment for Eisenmenger s physiology. Vasodilator therapy gen¬ 
erally will result in increased right-to-left shunting due to 
preferential dilation of systemic vessels over remodeled pul¬ 
monary vessels. Periodic phlebotomy and replacement with 
crystalloid fluids may be necessary to keep the hematocrit 
below 60%. Low-dose aspirin therapy is recommended to 
prevent thromboembolic complications. 


SURGICAL TREATMENT 


Surgical intervention should be considered for hemodynam- 
ically significant VSD. Concurrent aortic insufficiency usu¬ 
ally is progressive and also is an indication for surgical inter¬ 
vention. Pulmonary artery banding has been used 
successfully to palliate dogs and cats with VSD. The goal of 
pulmonary artery banding is to increase right ventricular 
systolic pressure, thereby decreasing shunt flow. 






I TABLE 29-10 


ic insufficiency* Animals with right-to-left VSD may 


Medical Management of Congestive Heart Failure 


Benazepril (Lotensin) 


0.25-0.5 mg/kg PO sid 


Enalapril (Vasotec) 

0.25-0.5 mg/kg PO, sid to bid 

Furosemide (Lasix) 

24 mg/kg PO, IV, SC, sid to qid as needed 


Digoxin (Lanoxin) 


0.22 mg/m 2 PO, bid 


) 
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Definitive patch closure of VSD can be accomplished 
with the aid of cardiopulmonary bypass in dogs over 4 kg in 
body weight, A per membranous VSD is corrected from the 
right side via a right atriotomy approach. An infundibular 
VSD is corrected via a right ventriculotomy from a left tho- 
raco to ni y or m edi an ste r n o to my app ro ach, 

Preoperative Management 

It significant heart failure is present, attempts should be 
made to control it medically See also p. 675 for preoperative 
management of animals w ith cardiovascular disease, 


artery band 


I* 


I 




JF 




- 


& 


SI 






* 


I i 


B 


i 


a- 


> 


V 


r 


P 










* 




^ / 




m 


m 


■fc 


H 


V 


V 


A 


i 


* / 


s 


V 


■ A 


^ A 


A. 




■- 


A 


I 




\ \As 


* ^ * / 


X 




■8: 




\ / 


& v ' j 




j- 




■ 




A 


r ■* ■ 




v 


s 


\ 






-C 




i 


■ 


-i. 






I 


I 


Anesthesia 






X 


Anesthetic management of animals undergoing cardiac sur¬ 
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Surgical Anatomy 

The interventricular septum is composed of a dorsal* thin, 
membranous part and a large, ventral, muscular part. The 
membranous part is formed by fusion of the atrioventricular 
cushions. When the cushions fail to fuse, a ventricular septal 
defect arises. The AV node and its bundle are usually closely 
associated with the caudal margin of a perimembranous VSD. 

Positioning 

I he animal is positioned in right lateral recumbency for 
pulmonary artery banding. The entire left thorax is prepared 
fo r asep tic su rgery. 
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FIG 29-18 

For pulmonary artery banding, pass a tape around the main 
pulmonary artery. Tighten the tape until pulmonary artery 
pressure distal to the band is less than 30 mm Hg and 
systemic artery pressure increases and plateaus, {Modified 
from Orton EC; Small animal thoracic surgery ■ Philadelphia 

1995, Williams & Wilkins.) 


SURGICAL TECHNIQUES 


«• 




Pulmonary Artery Banding 

Perform a left fourth intercostal thoracotomy ; Open the peri¬ 
cardium and suture it to the thoracotomy incision. Separate 
th e pul mono ry a rtery fro m the aorta us ing a com bs n of ion o f 
sharp and blunt dissection . Pass a large coHon 
around the pulmonary artery just distal to the pulmonic valve 
(Fig. 29-18), Tighten the tape to reduce the circumference of 
the pulmonary artery Place a purse-string suture in the pul¬ 
monary artery wall distal to the ligature and insert a catheter 
into the pulmonary artery to measure pressures. Constrict the 

pulmonary artery until the pulmonary artery pressure distal 
to the band is I 


poxemia or cyanosis suggests that the band may have been 
placed too tightly. Postoperative pain should be treated with 
systemic opioids (see Table 29-7 on p. 682) and local anes 
thetic techniques (see p. 761), 


Teflon tape 


or 


PROGNOSIS 


The prognosis for animals with VSD depends on the size of 
the defect. Animals with small restrictive defects 
ate the defect without ill effects. Large defects (i.e„ Q t ,:Q 
greater than 2:1) will likely result in the development of pro¬ 
gressive heart failure or pulmonary hypertension. Pul¬ 
monary artery banding is a reasonably effective procedure 

tor palliation of the consequences of a hemodynamicaliy sig 
nificant VSD in both dogs and cats. Definitive closure of a 
VSD under cardiopulmonary bypass is considered curative. 
Dogs with uncorrected VSD are potentially at increased risk 
lor development ol bacterial endocarditis. Aortic insuffi¬ 
ciency places an added volume load on the left ventricle and 
is generally indicative of a poor prognosis. 






may 


than 30 mm Hg . Also, monitor systemic 
artery pressures, which should increase during the banding . 


Optimal banding occurs when the increase in systemic 
arterial pressures just reaches a plateau. 




SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Wide cotton or Teflon tape is used for pulmonary artery 

banding. Polytetrafluoroethylene (PTFE) vascular graft is 
used for definitive closure of a VSD. 




Suggested Reading 




Monnet E, el al: Partial atrioventricular septal defect: diagnosis aid 
surgical repair in two dogs, j Am Vet Med A 550 C 211:569,1997. 

Sisson D, Luethy M t T homas WP: Ventricular septal defect accom¬ 
panied by aortic regurgitation in five dogs, / Am Amm HospAi - 
sue 27:441,1991, 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Animals should be closely observed for worsening of heart 
failure secondary to anesthesia, surgery, or arrhythmias. Hy- 
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TETRALOGY OF FALLOT 


ABLE 29-11 


Beta-Adrenergic Therapy in Dogs 


DEFINITION 


tetralogy of Fallot is a complex congenital heart defect that 
consists of pulmonic stenosis, ventricular septal defect, a 
dextropositioned overriding aorta* and right ventricular hy¬ 
pertrophy 


Propranolol flnderalj 

0,2-2.0 mg/kg PO, bid to tid r or titrate to control heart 


rate 


Atenolol (Tenormin} 


Dogs: 6,25-50 mg/dog, PO, sid to bid 


SYNONYMS 

Te f mlogy 1' of F 


Cats 6.25-12,5 mg/cat, PO, sid to bid 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Radiography/Echocardiography/ 

Electrocardiography 

Thoracic radiographs typically show evidence of right ven¬ 
tricular enlargement, with or without main pulmonary ar¬ 
tery enlargement. Pulmonary vessels are usually small, sug¬ 
gesting pulmonary undercirculation. Electrocardiograms 
usually show a right axis shift in the frontal plane suggestive 
of right ventricular hypertrophy 

Two-dimensional echocardiography demonstrates all the 
elements of tetralogy, including right ventricular hypertro¬ 
phy pulmonic stenosis, ventricular septal defect, and over¬ 
riding aorta. Doppler interrogation of the pulmonic outflow 
tract and septal defect is useful in determining the direction 
and magnitude of the shunt. 

Laboratory Findings 

Polycythemia (i,e„ PCV greater than 55%) is often present 
because of the chronic hypoxemia* 


Tetralogy of Fallot (T of F) is the most common congenital 
heart defect that causes cyanosis in small animals. It occurs 
in cats and a variety of canine breeds (see below under sig¬ 
nal mentj. Tetralogy of Fallot can be simplified into two 
physiologically significant defects: pulmonic stenosis and 
ventricular septal defect (VSD). The pathophysiologic con¬ 
sequences of tetralogy depend on the relative magnitude of 
these two defects. If a large VSD and he mo dynamic ally in¬ 
significant pulmonic stenosis are present, the functional re¬ 
sult is a left - to-right shunt and volume overload of the left 
heart similar to an isolated, large VSD. If severe pulmonic 
stenosis, suprasystemic right heart pressures, and right-to- 
left shunt are present, the result is moderate to severe 
cyanosis, exercise intolerance, and progressive polycythemia. 

expected in these animals due to 

complications of hyperviscosity-induced thromboembolism 
or sudden death. Animals that have pulmonic stenosis and 
VSD that are somewhat balanced are functionally similar to 
those tliat have a VSD and pulmonary artery banding per¬ 
formed (see p* 698)* Animals with predominantly left-io- 
right shunt are termed acyanoiic tetralogy and may function 
reasonably well as long as the shunt flow is insufficient to 
cause left heart failure. Progression of pulmonic stenosis due 
to infundibular hypertrophy is possible and may cause 
a cyanotic animals to become cyanotic as they age* 


A shortened life span is 


DIFFERENTIAL DIAGNOSIS 


Differentials include right-to-left shunting VSD, atrial septal 
defect, atrioventricular septal defect, complex cyanotic car¬ 
diac disease, and patent ductus arteriosus. 


MEDICAL MANAGEMENT 


Periodic phlebotomy with crystalloid fluid replacement may 
be necessary to maintain the hematocrit below 60% in ani¬ 
mals with severe cyanosis and progressive polycythemia* Ex¬ 
treme caution must be taken to avoid introducing intra¬ 
venous air during this procedure to avoid systemic vascular 
air embolism. Low-dose aspirin therapy is also recommended 
to reduce the risk of thromboembolic complications. 

Beta-adrenergic blockage therapy with propranolol or 
atenolol has been advocated as a palliative treatment for I of 
F (Table 29-11), Possible beneficial effects include reduced 
dynamic outflow obstruction, decreased heart rate, in¬ 
creased systemic vascular resistance, and decreased myocar¬ 
dial oxygen demand* 


DIAGNOSIS 

Clinical Presentation 

Signalment. Breeds most commonly reported to have 
tetralogy of Fallot include keeshonden, English bulldogs, 
poodles, schnauzers, terriers, collies, and shelties. In 
keeshonden, tetralogy is genetically transmitted as part of 
the spectrum of conotruncal defects. 

History. Clinical findings at presentation for a typical 
tetralogy of Fallot include moderate to severe exercise intol¬ 
erance, exertional tachypnea, collapse, and syncope. 


Physical Examination Findings 


SURGICAL TREATMENT 


Physical findings in animals with T 


of F includ e cya n os is u n - 
responsive to supplemental oxygen and systolic murmurs 
heard well at the left heart base and right sternum. If poly¬ 
cythemia is severe, a murmur may not be heard. 


Surgery should be considered for severely cyanotic animals 
to lessen clinical signs and prolong life. Animals with a rest¬ 
ing arterial oxygen saturation less than 70% should be 
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considered candidates for surgery. Palliative surgeries for 
tetralogy include isolated correction of the pulmonic steno- 

creation of a systemic-to-pulmonary shunt (e.g 
Blalock-Taussig shunt; see below). Correction of the pul 
monic stenosis risks over correction of the stenosis and an 
overwhelming l eft-to-right shunt. For this reason, valve dila¬ 
tion (see p, 691), either surgically or by balloon dilation, is 
preferred over a more definitive procedure such as a patch - 
graft (see p. 692). Definitive repair of tetralogy can be un¬ 
dertaken in medium- to large-breed dogs with cardiopul¬ 
monary bypass. Patch closure of the VSD and patch-grafting 
of the pulmonary outflow tract are undertaken through a 
right ventriculotomy approach. 

Preoperative Management 

Although arrhythmias are uncommon, an ECG should be 
performed and hemodynamically significant arrhythmias 
controlled before surgery. Severe polycythemia should be 
corrected before surgery. 
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FIG 29-19 


Surgical Anatomy 


Modified Blalock-Taussig shun! for tetralogy of Fallot. 


With 1 of F, the parietal portion of lhe infundibular septum 


attaches more cranial and leftward than normal resulting in 


mostasis at the suture sites. The pulmonary artery clamp 


narrowing of the right ventricular outflow tract and dex- 


a 


should be released first 


tropositioned overriding of the aorta. The magnitude ol this 


fi 


shift determines which type of physiology is associated with 


SUTURE MATERIALS/ 


the defect. The VSD is usually located high in the in- 


SPECIAL INSTRUMENTS 


fundibular septum, just below the crista supraventricularis, 


Polypropylene (5-0) suture is used for the vascular anasto- 


although supracristal septal defects do occur. 


moses of the Blalock-Taussig shunt. Two tangential vascular 


Positioning 


clamps are required to control hemorrhage during the 


The animal should be positioned in right lateral recumbency 


s urge ry. 


for Blalock-Taussig shunt surgery. The entire left hemithorax 


POSTOPERATIVE CARE 


is prepared for aseptic surgery. 


AND ASSESSMENT 


SURGICAL TECHNIQUES 


Postoperative pain should be treated with systemic opioids 


Several types of systemic-to-pulmonary shunts have been 


(see Table 29-7 on p. 682) and local anesthetic techniques 


used to palliate tetralogy of Fallot. A modified Blalock- 


(see p, 761). Postoperative care of patients undergoing car- 


Taussig shunt is accomplished by harvesting the left subcla- 


diac surgery is described on p. 680. 


vian artery as a free autogenous graft and placing it between 


PROGNOSIS 


the aorta and main pulmonary artery (Fig. 29-19). 


Animals with reasonably balanced acvanotic tetralogy of 


Perform o left fourth intercostal thoracotomy Ha west an au- 


Fallot should be followed for progression hut otherwisegen- 


fogenous arterial graft by I igating a nd di vid ing the p roxi m a I 


erally do not require surgical intervention. These animals 


left subclavian artery Open the pericardiu 


h a ve a re a so n ab 1 v go od p ro g n os i s, Th e prognosis for animal* 


m 


the thoracotomy incision . Place tangential vascular clamps 


with cyanotic tetralogy depends on the shunt fraction, mag- 


the pulmonary artery and ascending aorta. Make inci- 


nitude of hypoxemia, and degree of polycythemia. Some an 


sions into both vessels by making a longitudinal incision in 


i m als m a y live sever al years without surgical th e rapy despite 


the vessel wall held within the clamp. Interpose 


moderate to severe exercise intolerance. Animals with severe 


/ween /be aorta and pulmonary artery by end to-side 


hypoxemia and progressive polycythemia will likely 


sue- 


o n as - 


tamoses / using simple continuous suture patterns , Be sure 


cumb to the effects of the disease or will experience sudden 


that the graft is not kinked. Release the clamps and verify he- 


death early in life. Modified Blalock-Taussig shunts arerea- 
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sonably effective at reducing the magnitude of hypoxemia 
and palliating the consequences of tetralogy of bailor. 


line infectious peritonitis and toxoplasmosis are potential 
causes of inflammatory effusions. 

The most common cause of pericardial effusion in dogs is 
neoplasia. Neoplasms that produce pericardial effusion in 
dogs include hemangiosarcoma, chemodectomas, ectopic 
(heart base) thyroid carcinoma, pericardial mesothelioma, 
and metastatic carcinoma to the hearl. Hemangiosarcomas 
may be multicentric with simultaneous splenic or hepatic in¬ 
volvement (see also p. 706), Aortic body tumors (chemodec- 
toma, nonchromaffin paraganglioma) sometimes invade the 
heart base and cause pericardial effusion (see also p. 707). 
Lymphosarcoma, mesothelioma, and metastatic carcinoma 
have been implicated in cats with pericardial effusion. Neo¬ 
plastic pericardial effusions usually are sanguineous. 

Idiopathic (benign) pericardial effusion is the second 
most common cause of pericardial effusion in dogs. This 
condition has not been reported in cats. The effusion usually 
appears sanguineous and must be differentiated from 
plastic effusions. Coagulopathies or left atrial rupture 
ondary to chronic mitral insufficiency are rare causes of 
acute pericardial hemorrhage. 

Pathophysiologic alterations associated with pericardial ef¬ 
fusion depend on the rate and volume of fluid accumulation 
and extensibility or compliance of the pericardium, if effu¬ 
sion accumulates slowly, the pericardium will expand and hy¬ 
pertrophy to accommodate the fluid, intra peri cardiac pres¬ 
sure will not increase initially, and cardiac tilling will not be 
compromised. Slow progressive accumulation of pericardial 
fluid allows compensatory mechanisms to occur. First, fibrous 
pericardium can stretch and remodel over time to accommo¬ 
date an increased volume of fluid with only a modest increase 
in intrapericardial pressure. Second, neurohumoral mecha¬ 
nisms are evoked and lead to retention of vascular volume and 
increased diastolic filling pressures within the heart. .Although 
the later compensatory mechanism delays the onset of cardiac 
tamponade, it leads to signs of progressive right-sided conges¬ 
tive heart failure including jugular venous distention, ascites, 
peripheral edema, and pleural effusion. Cardiac tamponade 
eventually does occur despite compensatory mechanisms 
leading to presentation for acute circulatory collapse. 

Conversely, rapid or sudden accumulation of fluid (e.g., 
pericardial hemorrhage) results in acute cardiac tamponade. 
Rapid fluid accumulation in the pericardial space com¬ 
presses the ventricles, restricts ventricular Ailing, and re¬ 
duces cardiac output. Although significant volumes of fluid 
are usually required to raise pericardial pressure initially ad¬ 
ditional small volumes may markedly increase intrapericar¬ 
dial pressure and significantly impede ventricular filling. Be¬ 
cause of their thin walls and low pressures, the right atrium 
and ventricle are more vulnerable than the left due to the ef¬ 
fects of cardiac compression. Diastolic pressures (Le., pul¬ 
monary wedge pressure, left and right ventricular end- 
diastolic pressures, and mean right atrial pressure) on both 
sides of the heart equilibrate. 

Pericardial constriction occurs when visceral or parietal 
pericardial layers, or both, become fused, thickened, densely 
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PERICARDIAL EFFUSION 

AND PERICARDIAL CONSTRICTION 


DEFINITIONS 


1 be pericardium is a fibre serous envelope that encompasses 
the heart and great vessels. Pericardial effusion is an abnor¬ 
mal accumulation of fluid within the pericardial sac. Car¬ 
diac tamponade refers to the decompensated phase of 
diac compression resulting from an unchecked rise in 
intrapericardiac fluid pressure. Pericardial constriction re¬ 
sults from a restrictive fibrosis of the parietal and/or visceral 
pericardium that interferes with diastolic function of the 
heart Electrical a he mans is a beat-to-beat voltage variation 
of the QRS or ST-T complexes. 


neo- 


sec- 


car- 




SYNONYMS 


Far cardiac tamponade—pericardial tamponade. For peri car 
dial constriction —constrict!ve pericarditis 






GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Diseases affecting primarily the pericardium account for ap¬ 
proximately 1% of cardiovascular disease. Although primary 
pericardial disease represents a small percentage of the total 
number of cardiac diseases in small animals, it is an impor¬ 
tant cause of right-sided congestive heart failure in dogs. 
Pericardial diseases of all types are uncommon in cats. Sev¬ 
eral types of primary and secondary pericardial diseases oc¬ 
cur the most common of which are those resulting in the ac¬ 
cumulation of pericardial effusion. Pericardial effusion can 
be trails udati ve, ex u dative (i nfl a m mato ry), 

Causes of pericardial transudation include right-sided 
gestive heart failure, hypoproteinemia, or incarceration of a 
liver lobe within the pericardial cavity. Transudative pericar¬ 
dial effu sio ns are us u ally sub clinical. 

Infectious pericarditis is an uncommon cause of pericar¬ 
dial effusion in dogs and cats, usually producing a purulent 
'•i: fibrinous exudate. A variety of aerobic and anaerobic bac¬ 
teria] and fungal organisms have been associated with infec¬ 
tious pericarditis. Bacterial pericarditis can arise from bite 
wounds to the thorax, migrating foreign bodies, 
hematogenous seeding. Coccidioidomycosis is an important 
cause of pericardial effusion in endem ic regions. In cats, fe- 




or sanguineous, 

con- 






or 
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suggestive of pericardial effusion. It is caused by swinging of 
the heart within large pericardial effusions, rather than alter- 


fib rot ic, or inelastic and form a rigid case around the heart 


The pericardial space may become totally obliterated or may 
contain small amounts of fluid. Constrictive pericardial dis- 


ations in conduction within the heart, and is most likely to 


at heart rates between 90 and 144 beats per minute 


ease may develop asymmetrically so that one ventricle is 
affected than the other; however, in most cases both ventricles 


occur 


more 


Other findings supportive of pericardial effusion on electro¬ 


cardiograms are diminished QRS voltages and ST segment 
depression. Sinus tachycardia is the predominant rhythm, al¬ 
though nonsustained ventricular tachycardia maybe present. 


affected nearly equally. An audible “pericardial knock 


are 


may be heard during early diastolic filling and is attributed to 
vibrations produced by the sudden deceleration of blood as it 


strikes the en cased non distensible ventricular wall. As con- 


Radiography/Echocardiography 


striction worsens, cardiac output declines even though my- 


Thoracic radiography usually demonstrates varying degrees 


be maintained, fluid retention 


□cardial systolic function may 


the cardiac silhouette loses its 


of globoid enlargement (Le 
angles and waists and becomes globe-shaped) of the cardiac 

silhouette (Fig. 29-20). Radiographic evidence of pulmonary 


initiated by chronically reduced cardiac output 


tributes to venous congestion, which is most commonly man 


and ascites accumulation. 


i tested as hepatomegaly 


expected finding, and this 


congestion or edema is not an 
helps distinguish pericardial effusion from dilated car¬ 
diomyopathy If right-sided congestion has developed, dis- 

, hepatomegaly ascites, and 


DIAGNOSIS 


Clinical Presentation 


tention of the caudal vena cava 


Signalment. Idiopathic benign and neoplastic pericar¬ 
dial effusions are more commonly observed in large- and 


pleural effusion are usually evident. Heart base tumors may 

the trachea and produce a mass effect. Abnormal ra- 


dev i ate 


giant-breed dogs. Hem angiosarcoma of the right atrium i 

German shepherds and golden re 


is 


animals w r ith constrictive pericarditis 


diographk findings in 

subtle; the cardiac silhouette may be rounded. Dilation 


especially common in 
trievers (see also p, 707). Idiopathic pericardial effusion has 


are 


of the caudal vena cava may be evident. 


been reported most commonly i n golden retrievers, German 


Fluoroscopy may demonstrate reduced cardiac motion in 
animals with pericardial effusion. Pneumopericardiography 


shepherds, and other large-breed dogs. Aortic body tumors 
are most common in aged brachycephallc dogs. Medium- to 


is useful for identifying intr a pericardial mass lesions. An- 


large-breed, middle-age dogs are most commonly affected 
with constrictive pericardial disease; however, the condition 


giography will usually show filling defects or tumor vascii- 

is the cause of the effusion; furthermore, 


larity if neoplasia 
angiography will show increased endocardial-pericardial 

distance typical of pericardial effusion. Although these 


is rare. 


History. Presenting complaints associated with pericar¬ 


dial effusion include weakness, lethargy, exercise intolerance. 


modalities are reliable when properly used, echocardiogra- 


and/or collapse. Patients often present with right-sided con- 


phy has supplanted most indications for their use. 

Definitive diagnosis of pericardial effusion is obtained 


gestion, ascites, and/or pleural effusion. The most common 

plaint with constrictive pericarditis is abdominal 


ow ner com 


readily by echocardiography The fibrous pericardium is 

ily identified as a thin echo-dense structure, and any degree 

of separation or echo-free space between the pericardium 

two-dimensional or 


eas- 


largement. Less frequently, dyspnea, tachypnea, weakness, 

and/or weight loss may be noted. Occasionally 


en 


syncope. 


previous history of idiopathic pericardial 


there will be a 


and underlying cardiac structures 


on 


effu s io n, 


M-mode echocardiography is diagnostic of pericardial effu- 


Physical Examination Findings 


Clinical findings are related to the consequences of cardiac 


tamponade and right-sided congestive heart failure. 

classic triad of signs of cardiac tamponade (e.g„ rapid and 

and diminished 


weak arterial pulse, distended jugular veins 


heart sounds) is usually present. Jugular venous distention 


but com¬ 


positive hepatojugular reflux wall be present 


or a 


nly overlooked. Measurement of central venous pressure 
will document systemic venous hypertension and frequently 


mo 


exceeds 10 ml H 2 0 (normal less than 5-6 ml H 2 0). Lung 


sounds may be diminished if pleural effusion is present. 


Other auscultatory abnormalities (e.g., gallop rhythms, car¬ 


diac murmurs, arrhythmias) are uncommon. Ascites, he¬ 


patomegaly, and/or peripheral edema may also be noted. 

electrocardio- 


Al though there are no pathognomonic 
graphic findings for pericardial disease, there are several elec¬ 


trocardiographic abnormalities that 


o cc u r. 


FIG 39-20 


dog with idiopathic pericardial 


Thoracic radiograph of 

Note the large, globoid heart. 


may be recorded in as many as 50% of patients with 
pericardial effusion. If present, electrical aliernans is strongly 


nans 


effusion. 
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sion. Echocardiography is the most reliable procedure for 
identifying primary cardiac neoplasia, although failure to 
identify a mass does not rule out neoplasia. Flattening of the 
left ventricular endocardium during diastole, abnormal di¬ 
astolic (early notch), and systolic septal motion are often 
noted in patients with constrictive pericarditis. Differentia¬ 
tion of constrictive pericardial disease and restrictive my¬ 
opathy may be difficult with echocardiography. 

Laboratory Findings 

With pericardial effusion, the CBC may indicate inflamma¬ 
tion or infection. Increased numbers of circulating nucleated 
RECs or large numbers of acanthocytes are suggestive of car¬ 
diac or splenic hem angiosarcoma. Cardiac enzymes may he 
elevated because of ischemia or myocardial invasion. Other 
abnormalities may be associated with the primary disease or 
with CHE. Serum fungal titers (coccidioidomycosis) or 
ELISA tests for FeLV (cats) may be positive when per i cards- 
ns is related to these infections. Chronic right heart conges¬ 
tion associated with pericardial effusion or constriction can 
cause splenic dysfunction (functional hyposplenism) and 
protein-losing enteropathy (intestinal lymphangiectasia). 
Hyposplenism can result in increased numbers of circulat¬ 
ing activated platelets, while protein-losing enteropathy may 
exacerbate the splenic dysfunction and cause reductions in 
circulating anti thrombin III levels. Both conditions promote 
a hyperooagulable state and may make affected animals 
prone to pulmonary thromboembolism. 


aphragmatic silhouette and identify abdominal contents 
within the pericardial sac. Echocardiography differentiates 
diffuse cardiac enlargement from pericardial effusion. If 
echocardiography is not available, non selective angiography 
can be used. 


MEDICAL MANAGEMENT 


Pericardiocentesis is the treatment of choice for initial stabi¬ 
lization of dogs and cats with pericardial effusion and car¬ 
diac tamponade. When performed properly, pericardiocen¬ 
tesis is associated with minimal complications. It should be 
attempted in symptomatic animals with suspected pericar¬ 
dial effusion, even if echocardiography is not available to 
confirm the diagnosis. 


— 


NOTE * If possible, monitor an electrocardiogram 

during pericardiocentesis because Inadvertent car¬ 
diac contact usually produces premature ventricular 
complexes. 


Shave and surgically prepare a large area of the right 
hem i thorax (sternum to mid thorax, third to eighth rib). Per¬ 
form a local block with lidocaine and , if necessary sedate 
the animal fe.g*, oxymarphone, fentanyl; Table 29-12). Be 
sure to infiltrate the pleura with lidocaine because pleural 
penetration seems to cause significant discomfort Place the 
animal in sternal or lateral recumbency depending on its 
demeanor. 


NOTE • Pulmonary thromboembolism should be 
considered likely in dogs with pericardial effusion 
that exhibit severe, sudden respiratory distress. 


Pericardiocentesis can be accomplished in the standing 
animal, but adequate restraint is essential to prevent cardiac 
puncture or pulmonary laceration. 

Determine the puncture site based on heart location on tho¬ 
racic radiographs. This is most commonly between the fourth 
and fifth intercostal spaces at the costochondral junction, 
Attach a 14- to 18-gauge needle or catheter to a three- 

way stopcock , extension tubing f and syringe to allow con¬ 
stant negative pressure to be applied during insertion and 
drainage . Once the catheter has been inserted through the 
skin f apply negative pressure. If pleura/ effusion is present■, it 
will be obtained immediately upon entering the thoracic 


Cytologic and microbiologic analysis should be per¬ 
formed on fluid obtained by pericardiocentesis. An inflam¬ 
matory exudate on cytologic examination suggests infec¬ 
tious pericarditis. The causative organism may be visible on 
cytologic examination or identified by bacterial or fungal 
culture* Neoplastic effusions are usually sanguineous (Le*, 
characterized by large numbers of red blood cells and vari¬ 
able numbers of neutrophils and mononuclear cells). Cytol¬ 
ogy is unreliable in identifying neoplastic effusions because 
both false positives and false negatives occur* Idiopathic 
pericardial effusion produces a sanguineous effusion that is 
difficult to distinguish from neoplastic effusions on fluid 
analysis alone. Exploratory surgery or thoracoscopy and 
histopathology may be necessary to definitively differentiate 
between neoplastic and idiopathic pericardial effusion, 


TABLE 29-12 


DIFFERENTIAL DIAGNOSIS 


Sedation during Pericardiocentesis in Dogs 


In addition to pericardial effusion, differentials for a 
globoid-appearing heart on thoracic radiographs include di¬ 
bit td cardiomyopathy and per it oneo peri cardial diaphrag¬ 
matic hernia (see p. 798 ), The latter may be associated with 
pericardial effusion, particularly when the liver is herniated. 
Ultrasonography is used to detect incongruities in the di- 


Oxymorphone (Numorphon) 


0.05-0,1 mg/kg SC, 1M, or IV 


Fentanyl (Sublimate) 


0.005 IV or 0.01 mg/kg SC, IM 
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provided by this approach. If right atrial hem angiosarcoma 
is suspected, either a right fifth intercostal thoracotomy or a 
median sternotomy should be used. Removal of right atrial 
tumors can be accomplished equally well from either ap¬ 
proach (see p, 708). Chemodectomas can arise on either the 
left or right heart base. Peri card lee to my in these cases should 
be performed through a thoracotomy on the side where the 
bulk of the tumor is suspected to be. If cardiac neoplasia is 
n ot iden t i fied b efore su rge ry a nd id to path i c p eric a rd i a I effe - 
sion is suspected, then pericardlectomy should be performed 
through a right thoracotomy or medial sternotomy so that 

the right atrium can be examined and resected, if necessary 
Although total pericardlectomy can be performed, sub- 
phrenic pericardieetomy is usually adequate for animals 
with pericardial effusion. Total pericardieetomy may be 
dicated in some animals with neoplasia or infectious 
processes of the pericardium. Total pericardieetomy is best 
performed from a median sternotomy approach. 

Pericardieetomy is the therapy of choice for constrictive 
pericarditis. Complications associated with surgery include 
development of arrhythmias (most notably atrial fibrillation 
or ventricular tachycardia). The outcome with surgery de- 

on severity of the underlying disease. If the visceral 
pericardium (epicardium) is significantly 
gical outcome is less favorable. Bpicardial decortication may 

be necessary. 

Preoperative Management 

If hemodynamically significant quantities of pericardial ef¬ 
fusion are present (i.e., cardiac tamponade as evidenced by 
jugular vein distention, ascites, and/or pleural effusion), the 
animal should have pericardiocentesis performed before 
surgery. Metabolic causes of pericardial effusion (c.g., hv- 
poproteinemia) should be ruled out. Electrolyte and acid- 
base abnormalities, which may be associated with high doses 
of diuretics, should be corrected before anesthetic induction. 

Anesthesia 

Refer to p. 676 for anesthetic management of cardiac pa¬ 
tients. Care should be exercised when manipulating iht 
heart because arrhythmias or hypotension may occur, Fen- 
tanyl and midazolam can be used to anesthetize patients 
with compromised cardiac function use (see Table 29-5), 

Surgical Anatomy 

The pericardium envelops the heart in a strong flask-shaped 
sac with extensions that enclose the origins of the ascending 
aorta, pulmonary artery distal pulmonary veins, and venae 
cavae. The adventitia of the great arteries blends with fibrous 
tissues of the pericardium, forming strong attachments.The 
pericardium is firmly attached to the diaphragm via the 
pericardiophrenic ligament. Pericardium is composed of 
two layers: a fibrous outer layer and an inner serous mem¬ 
brane composed of a single layer of mesothelial cells. The in¬ 
ner serous layer forms the epicardium or visceral peri¬ 
cardium. It reflects back on itself to line the outer fibrous 
layer, and together they form the parietal pericardium. 


Oral Prednisolone Therapy for Dogs with idiopathic 
Pericardial Effusion 


Begin ot q dose of 1 mg/kg orally every 1 2 hours; then 
gradually decrease the dosage over a 
nod and discontinue. 


2- to 3-week pe- 




cavity. Pleural effusion 

ally a clear to pale yellow color. Advance the catheter until It 
contacts the pericardium and a scratching sensation is no 
ticed. Then, advance the catheter slightly to penetrate peri¬ 
cardium . Stop advancing the catheter 

tained , Withdraw the needle immediately if the epicardium 
is contacted and cardiac motion is felt through the nee d'/e. 


associated with heart disease is usu- 


as soon as fluid is oh- 


lii- 


Ultrasound guidance is seldom necessary when perform¬ 
ing pericardiocentesis unless the volume of fluid is small or 
it is compartmentalized. 

Pericardiocentesis causes immediate clinical improvement 
in animals with cardiac tamponade. The pulse slows and 
strengthens as soon as an adequate volume of fluid has been re¬ 
moved. Pericardial effusion 


be differentiated from periph- 

is significantly 

lower than peripheral blood. Approximately 50% of dogs with 
idiopathic effusion are managed successfully by periodic peri¬ 
cardiocentesis and possibly corticosteroids (oral prednisolone; 
table 29-13) without pericardieetomy. In the remainder, repeat 
centesis is necessary to control clinical signs. Fluid may reaccu¬ 
mulate rapidly (within several days) or may not recur for 
months or even several years. In patients requiring more than 
two centeses, sub phrenic pericardlectomy is usually indicated. 
/Although anti-inflammatory doses of prednisolone are com¬ 
monly administered to dogs with idiopathic pericardial effu¬ 
sion, there are no controlled studies to confirm the efficacy of 
this therapy. Subtotal pericardieetomy is usually curative in 
dogs with idiopathic pericardial effusion. Recurrent effusion 
and pericardial constriction are possible late sequelae of idio¬ 
pathic effusions it pericardieetomy is not performed. 


involved, the sur- 


eral blood in that it rarely dots and the PCV i 

4 




SURGICAL TREATMENT 


C 


Although temporary relief of cardiac tamponade is provided 
by pericardiocentesis, long-term palliation of pericardial 
effusion often requires pericardieetomy. Pericardieetomy 
can he performed through an intercostal thoracotomy (see 
p. 764) or median sternotomy (see p. 764), or it can be done 

with thoracoscopy {see p. 131), Concerns that removing only 
a small portion of the pericardium might allow the remain¬ 
ing pericardium to adhere to the heart and cause recurrence 
of pericardial effusion have not been borne out with thora¬ 
coscopic pericardieetomy. Nonetheless, a generous amount 
of the pericardium should be removed when pericardiec- 
tomy is done in conjunction with a thoracotomy. 

For open thoracotomy, it is technically easier to perform 
a pericardieetomy through a median sternotomy because 
cess to both sides of the heart and both phrenic 




ac- 


nerves is 
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Positioning 

The animal should be placed in either lateral recumbency for 
an intercostal thoracotomy or in dorsal recumbency for me¬ 
dian sternotomy, A sufficiently large area should be prepared 
to allow intraoperative placement of a thoracostomy tube. 


The pericardial cavity is filled with a variable amount of 
pericardial fluid. This fluid is an ultrafiltrate of serum con¬ 
taining between 1.7 and 3.5 g/dl of protein and having a col¬ 
loid osmotic pressure approximately 25% that of serum. The 
volume of pericardial fluid present in normal dogs ranges 
from 1 to 15 ml Lymphatic drainage of the pericardium is 
similar to that of the myocardium with most drainage via 
epicardial lymphatics, rather than from parietal peri¬ 
cardium. Functions ascribed to the pericardium include the 
ability to fix the heart anatomically and prevent excessive 
motion associated with changes in body position, reduction 
of friction between the heart and surrounding structures* 
and preventing extension of infection or malignancy from 
the pleural space. 


SURGICAL TECHNIQUES 


Subphrenic (Subtotal) Perkardiectomy 
via Right Thoracotomy 

Afte r opening the chest, open the pericardium and submit 
fluid samples for microbiologic examination y fungal culture , 
and/or cytology ; if indicated. Make a T- shaped incision in 
the pericardium from cardiac base to apex and 
cardiac base ventral to the phrenic nerve (Fig. 29-2] f Aj. 


the 
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FIG 29-21 


For subtotal pericardiectomy via a 

right fifth intercostal thoracotomy, 


e epicardium vertically and 
horizontally ventral to the right 
phrenic nerve (A). B, Carefully 
extend the incision around the venae 


incise 
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Extend the circumferential incision of the cardiac hose 
around the venae c avae taking care not to violate the vessel 

an assistant elevate the heart and 
retract it os the circumferential incision is extended to the 

opposite side (Fig, 29-21, C). Take care not to injure 
tralateral phrenic nerve. Divide the pericardiophrenic liga¬ 
ment with cautery or between ligatures (Fig. 29-21, D). 
Check the rernnants of the pericard /um to ensure that there 

hemorrhage. Submit pericardium for histologic ono 
ses. Place a thoracostomy tube before thoracic closure. 

Total Pericardiectomy 

Using blunt dissection f carefully elevate the phrenic nerves 
from the pericardial sac. Make a longitudinal incision in the 
pericardial sac and resect the pericardium 
base of the heart as possible. Place a thoracostomy tube be 
fore thoracic closure. 

Thoracoscopic Pericardiectomy 

Sec p.131. 
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SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Electro cautery is useful for pericardiectomy to decrease in¬ 
traoperative and postoperative hemorrhage. Inflamed peri¬ 
cardium often has an increased number of blood vessels, and 
significant hemorrhage can occur after pericardiectomy if 
they are not cauterized or ligated. 


CARDIAC NEOPLASIA 


DEFINITIONS 

Cardiac neoplasia includes any neoplastic condition involv¬ 
ing the heart, great vessels, or pericardium. 


POSTOPERATIVE CARE 

AND ASSESSMENT 


The thoracostomy tube should be aspirated every hour ini¬ 
tially and the volume of pleural effusion quantitated. .After 4 
to 6 hours, frequency of drainage may be decreased to every 
2 to 4 hours. Once the pleural effusion has decreased to lev¬ 
els consistent with those caused by the thoracostomy tube, 
the tube may be removed. If the patient develops acute res¬ 
piratory distress without evidence of pleural effusion or sig¬ 
nificant pulmonary infiltrates suggestive of pulmonary 
edema, pulmonary thromboembolism should be suspected. 
Oxygen therapy may be beneficial in 
live diagnosis of pulmonary thromboembolism is made, 
thrombolytic agents may be used. Postoperative pain should 
be treated with systemic opioids (see Table 29-7) and local 
anesthetic techniques (see p. 761). 


SYNONYMS 


For hemanglosarcomas— angiosarcomas , malignant heman¬ 
gioendotheliomas. For tumors arising from the chemore- 
ceptor aortic bodies’— chemodectomas, heart base tumors, 
aortic body adenomas or carcinomas, or nonchromaffin para¬ 
gangliomas. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


such cases. If a defini- 


Cardiac neoplasia is relatively uncommon in small animals. 
The most important cardiac neoplasms in dogs are right atrial 
hemang i osarcoma and heart base chemodectoma. In a recent 
study, hem an giosarcoma was found to be the most common 
cardiac tumor, occurring nearly 10 times as frequently as the 
second most common tumor, aortic body tumor (Ware and 
Hopper, 1999). A variety of primary intramural and intracav¬ 
itary neoplasms have been reported in dogs including heman- 
giosarcoma, fibrosarcoma, chondrosarcoma, rhabdomyosar¬ 
coma, ectopic thyroid carcinoma, fibroma, and myxoma, 
Lymphosarcoma and metastatic neoplasia are the most fre¬ 
quent causes of cardiac neoplasia in cats. 

The right atrium is a common primary site for he man - 
giosarcoma and accounts for 40% to 50% of canine cases of 


PROGNOSIS 


Pericardiectomy is palliative for neoplastic pericardial effu¬ 
sion and curative for idiopathic pericardial effusion. Long¬ 
term palliation after pericardiectomy is possible for dogs 
with mesothelioma or chemodectoma. Intracavitary cis- 
platin has shown promise in achieving long-term remission 
in dogs with mesothelioma (Moore et al, 1991), Chemodec- 
tomas are slow-growing tumors, and long-term palliation 
with pericardiectomy and primary mass excision is possible. 
Median survival for dogs with cardiac hem angiosarcoma is 
approximately 4 months with pericardiectomy 
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DIFFERENTIAL DIAGNOSIS 


hem angiosarcoma. Other reported primary cardiac sites for 
hemangiosarcoma include the right ventricular free wall, in¬ 
terventricular septum, and main pulmonary artery. Primary 
cardiac hemangiosarcoma has not been described in cats, 
but metastasis of hemangiosarcoma to the heart is reported. 

Chemodectomas can arise from the aortic body at the base 
of the heart (e.g., between aorta and pulmonary artery, be¬ 
tween aorta and right atrium, or between pulmonary artery 
and left atrium) or from the carotid body in the neck. Aortic- 
body chemodectomas account for approximately 80% of 
chemodectomas and occur in older dogs, Chemodectomas 
occur rarely in cats. Residence at altitude and chronic hypoxia 
are thought to increase the risk for developing these tumors. 
Chemodectomas can cause pericardial effusion, which prob¬ 
ably accounts for the most common clinical presentation of 
this disease. However, chemodectomas are just as often an in¬ 
cidental finding in older dogs undergoing thoracic radi¬ 
ographs or echocardiography for other reasons* Ectopic thy¬ 
roid adenomas and carcinomas account for approximately 
5% to 10% of all heart base tumors in dogs* 

DIAGNOSIS 

Clinical Presentation 

SignaEment. German shepherds and golden retrievers 
have been identified as having an increased risk for develop¬ 
ing hemangiosarcoma. Boxers, English bulldogs, and Boston 
terr:iers a re the breeds m ost likely to d eve I op ch e in o d ecto mas. 

History* Animals with cardiac neoplasia may present for 
evaluation of dyspnea, cough, syncope, congestive heart fail¬ 
ure, or they may be asymptomatic* 

Physical Examination Findings 

The most common clinical presentation for right atrial he¬ 
mangiosarcoma is acute or chronic cardiac tamponade re¬ 
citing from intrapericardial hemorrhage (see the section 
pericardial effusion, p* 702). Animals with chemodectomas 
may present for evaluation of congestive heart failure, signs 

of cardiac tamponade, pleural effusion, or they may be 
asymptomatic. 


Cardiac neoplasia must be differentiated from other causes of 
pericardial effusion (see p. 703), congestive heart failure, or 
cardiac arrhythmias* Endomyocardial biopsy may be used to 
make a definitive diagnosis of intracardiac neoplasia. Differen¬ 
tials for radiographic masses near the heart base include hilar 
lymph adenopathy, left atrial enlargement, aberrant parathy¬ 
roid or thyroid tissue, and fibrosing pleuritis or pericarditis* 


MEDICAL MANAGEMENT 


Various chemotherapeutic strategies can be used for cardiac 
neoplasia (as primary therapy or 

Doxorubicin, cyclophosphamide, and vincristine have been 
used to treat cardiac hemangiosarcoma. 


as an adjunct to surgery). 


SURGICAL TREATMENT 


Pericardiectomy and excision of the right atrial tumor pro¬ 
mt ive relief of signs for atrial hemangiosarcoma. 
Chemodectomas are highly vascular, slow growing, and 
moderately locally invasive. Surgical excision of aortic body 
chemodectomas is possible depending on size, location, and 
degree of invasiveness of the tumor. However, many animals 
with chemodectomas and clinical signs associated with peri¬ 
cardial effusion benefit from pericardiectomy without tu¬ 
mor excision* 

Surgical excision of intramural or intracavitary primary 
cardiac tumors has been attempted rarely in small animals. 
Surgical excision of well-defined primary cardiac tumors 
ing inflow occlusion or cardiopulmonary bypass is possible 
in selected cases* However, because of the high incidence of 
malignancy of most primary cardiac tumors, echocardio- 
graphic, angiographic, and endomyocardial biopsy findings 
should be considered carefully when selecting appropriate 
cases for surgery. 


us- 


on 


Preoperative Management 

Abdominal radiographs or ultrasonography should be per¬ 
formed before surgery to detect concurrent intraabdominal 
neoplasia (e.g., rule out concurrent splenic hemangiosar¬ 
coma)* It hemodynamically significant quantities of pericar- 

effusion are present (Le*, cardiac tamponade as evi¬ 
denced by jugular vein distention, ascites, and/or pleural 
effusion), the animal should have a pericardial tap per¬ 
formed before surgery. 

Anesthesia 

Refer to p. 676 for anesthetic management of cardiac patients. 

Surgical Anatomy 

Refer to p. 678 for surgical anatomy of the heart. 

Positioning 

The animal is positioned in dorsal recumbency for median 
sternotomy (see p* 764) or in lateral recumbency for inter¬ 
costal thoracotomy* A sufficiently generous area should be 

prepped to allow a thoracostomy tube placement intraoper¬ 
atively. 


Radiography/Echocardiography 


Thoracic radiographs of animals with chemodectomas may 
show dorsal elevation of the terminal trachea, pleural 
cardial effusion, pulmonary edema, or increased perihilar den¬ 
sity Selective angiography has been used to identify chemod- 
ectomas in dogs. Suggestive findings on angiography include 
identifying tortuous, aberrant vessels at the base of the heart, 
displacement of the aortic arch, and/or filling defects in the left 
atria. Angiography is also useful lor identifying intracardiac le¬ 
sions, Echocardiography frequently is useful in identifying 
masses on the light atrial appendage or at the cardiac base. 


or pen- 


laboratory Findings 

Specific laboratory abnormalities are not found with cardiac 
neoplasia. Cytologic analysis ot the sanguineous effusion ob- 
tained by pericardiocentesis is not useful tn differentiating 
neoplastic from idiopathic pericardial effusion (see p, 703). 


f 
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Chemodectoma 

The surgical approach for removing chemodectornas de¬ 
pends on the suspected location of the tumor. 

Sharp// dissect the tumor from the walls of the great vessels 
and atria . Use care to avoid rupturing these structures dur¬ 
ing dissection * Use electrocautery to decrease hemorrhage 
during excision of th 


SURGICAL TECHNIQUES 

Right Atrial Hemangiosarcoma 


right fourth space inter- 


Perform a median sternotomy or 
costal thoracotomy Clamp the atrial appendage with a 
tangential vascular clamp and excise the appendage (Fig, 
29-22), Close the atriotomy incision with a continuous mat¬ 
tress suture pattern . Remove the vascular damp and oversew 

the incision with a simple continuous suture pattern . Perform 
pericardiectomy if pericardial effusion is present (see 

705}. Alternatively, the right atrial appendage may be 

a TA stapling instrument (see p. 766), 


highly vascular tumors 


a 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


ex- 


p. 


a 


A tangential vascular clamp is useful for excision of right 
atrial hemangiosarcoma. Closure of the right atrium can be 
accomplished with polypropylene (4-0) suture. Electro- 
cautery is useful for excision of chemodectornas. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


The animal should be monitored carefully lor evidence of 
hemorrhage (pleural effusion) postoperatively. Arrhythmias 
are common, and animals should be monitored postopera¬ 
tively for arrhythmias for 36 to 72 hours. Postoperative pain 
should be treated with systemic opioids (see Table 29-7) and 
local anesthetic techniques (see p. 761). 


PROGNOSIS 


The prognosis for right atrial hemangiosarcoma is poor. Mi¬ 
crometastasis is considered present in virtually all cases at the 
time of diagnosis. Pericardiectomy and excision of the right 
atrium is palliative. Median survival after surgery is approxi¬ 
mately 4 months. Long-term survival of up to several years is 
possible after surgical removal of an aortic body chemodec¬ 
toma, In older animals with incidental asymptomatic chemod¬ 
ectoma, the risks of surgical excision should be weighed against 
the likelihood that the tumor will be slow growing and can re¬ 
main asymptomatic for a long period of time* 


appendage 
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FIG 29-22 


BRADYCARDIA 


To resect a right atria! hemangiosarcoma, place a tan 
vascular clamp across the base of the right auricle an 
excise the tumor and auricle* Place a continuous horizontal 
mattress suture behind the vascular damp. Remove the 
clamp and oversew the incision with a simple continuous 
suture. (Modified from Orton EC: Small animal thoracic 

$urgery f Philadelphia, 1 995, Williams & Wilkins.) 


DEFINITIONS 

Bradycardia is a heart rate that is slower than normal. I 
Bradycardia can be physiologic (i.e., sinus bradycardia) or I 
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The relatively short duration of syncopal episodes (usually 
only a few seconds) and lack of tonic-clonic motor activity 
or postictal signs help distinguish syncope from neurologic 
seizures, with which it is sometimes confused. 

Physical Examination 
Findirigs/ElectrocarcJiography 

Sinus bradycardia is recognized on the electrocardiogram as 
a normal but slow rhythm with normal P-QRS-T complexes. 
It is often accompanied by other vagal-mediated changes 
(i.e., sinus arrhythmia, wandering pacemaker, and low- 
grade, second-degree AV block). Sinus bradycardia is abol¬ 
ished by exercise or atropine administration (Table 29-14), 

Electrocardiographic abnormalities associated with tran¬ 
sient atrial standstill are bradycardia, small or absent P 
waves, and shortening and widening of the QRS complexes. 
Diagnostic rule-outs for hyperkalemia include obstructive 
uropathv, acute renal failure, uroabdomen, acute muscle 
necrosis, severe acidosis, adrenocoitical insufficiency, dia- 
betic ketoacidosis, and iatrogenic potassium intoxication. 
Electrocardiographic abnormalities associated with persist¬ 
ent atrial standstill are similar (e.g., an absence of P waves 
and a slow supraventricular or ventricular escape rhythm). 

Electrocardiographic findings associated with sick sinus 
syndrome include intermittent severe bradycardia, sinus 
pauses that last several seconds, supraventricular escape 
complexes, and occasionally paroxysmal supraventricular 
tachycardia. Sick sinus syndrome causes frequent syncopal 
attacks and places the animal at substantial risk for sudden 
death. Sick sinus syndrome is usually not responsive to acute 
administration of atropine. 

First-degree AV block (Table 29-15) is recognized by a 
prolongation of the P-R interval on an electrocardiogram. 
Second-degree AV block is intermittent failure of impulse 
conduction through the AV node. It is recognized on an elec¬ 
trocardiogram as a P wave that is not followed by a QRS-T 
complex. Low-grade, second-degree AV block is character¬ 
ized by occasional “dropped complexes' after several normal 
complexes and usually is abolished by atropine. High-grade, 
second-degree AV is characterized by more dropped com¬ 
plexes than conducted complexes and usually does not 


result from a variety of pathologic disorders including 
sick sinus syndrome, atrial standstill, or atrioventricular 
block with ventricular escape. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Bradycardia can result from extrinsic causes such as exagger¬ 
ated vagal tone or electrolyte imbalance, or from intrinsic de¬ 
generative disorders of the heart. Sinus bradycardia results 
from a predominance of parasympathetic influence and of¬ 
ten is accompanied by other parasympathetically mediated 
rhythms (i.e., sinus arrhythmia, wandering pacemaker, or 
low-grade, second-degree atrioventricular block). It is gener¬ 
ally considered a physiologic rather than pathologic rhythm. 
Atrial standstill occurs when the atria fail to conduct an 
electrical impulse. The cardiac impulse may arise in the si¬ 
nus node and be conducted to the atrioventricular (AV) 
node via inter nodal pathways in the atria (he,, sinoventricu- 
lar rhythm), or an escape rhythm may develop. Transient 
atrial standstill is caused by hyperkalemia. Persistent atrial 
standstill occurs as a result of a heritable muscular dystrophy 
syndrome that involves the cardiac atria, ventricles, and 
scapulohumeral skeletal muscles, 

Frequent a n d lo ng si n us pau ses in ay resu 11 fro m d ege ner- 
ation and malfunction of the sinus node. Sick sinus syn¬ 
drome is the clinical result of sinus node malfunction and is 
characterized by frequent syncopal and near-syncopal 
episodes. Sick sinus syndrome may also be accompanied by 
frequ en t sup ra vent ri cu lar tach yea rd i a, 

Atrioventricular block results when there is a delay or 
block of cardiac impulse conduction through the AV node. 
First-degree AV block is a prolongation of conduction 
through the AV node and usually results from exaggerated 
parasympathetic influence on the AV node. Second-degree 
(incomplete) AV block is characterized by intermittent fail¬ 
ure of impulse conduction through the AV node. Low-grade 
(infrequent) second-degree AV block usually results from 
exaggerated parasympathetic influence on the AV node. 
High-grade (frequent) second-degree AV block is more 
likely the result of intrinsic disease of the AV node. Third- 
degree (complete) AV block is a complete failure of conduc¬ 
tion through the AV node and strongly implies Intrinsic de¬ 
generative or infiltrative disease 
Third-degree AV block causes complete AV dissociation and 
development of a slow ventricular escape rhythm. The result 
is low and unresponsive cardiac output. 


TABLE 29-14 


of the AV node. 


Atropine Response lest 


Give 0,02-0. 


SC or IM; wait 15-20 


atropine 
cardiac 


minutes then 


m. 


DIAGNOSIS 

Clinical Presentation 

Signalmens English springer spaniels and Siamese cals 
are predisposed to persistent atrial standstill. Small-breed 
dogs, particularly miniature schnauzers, arc predisposed to 
sick sinus syndrome, third-degree AV block occurs in Ger¬ 
man shepherds and other large-breed dogs. 

History. Clinical signs associated with bradycardia in¬ 
clude weakness, exercise intolerance, collapse, and syncope. 


TABLE 294 5 


First-Degree AV Block 


Dogs - PR interval > 0,1 3 sec 
Cats - PR interval > 0.09 sec 


L 


r 
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Animals that present with severe life-threatening brady¬ 
cardia may require emergency therapy to increase heart rate. 
Short-term anticholinergic therapy with atropine or gly- 
pyrrolate may be attempted, but most clinically relevant 
bradycardias are not due to parasympathetic mechanisms 
and will not be responsive to these drugs. Intravenous 
adrenergic therapy with isoproterenol (Table 29-17} is 
sometimes effective as a short-term measure tor increasing 
heart rate associated with persistent atrial standstill or third' 
degree AV block. 

The most reliable method for increasing heart rate in an¬ 
imals with unresponsive bradycardia is temporary intra¬ 
venous pacing- This is accomplished by percutaneous jugu- 
lar venous placement of a pacing electrode into the right side 
of the heart under sedation and local anesthesia (see below 
under anesthesia). The electrode is then connected to an ex¬ 
ternal pulse generator. Long-term oral anticholinergic ther¬ 
apy with propantheline bromide (see Table 29-17) is some¬ 
times advocated for various bradycardias. However, this 
drug is seldom effective for clinically relevant bradycardias 
and often is associated with unpleasant side effects. Animals 
with sick sinus syndrome may require management of 
supraventricular tachycardia with digoxin, beta-adrenergic 
blockade, or calcium channel blockade therapy after pace¬ 
maker implantation. 


atropine. Third-degree AV block is recognized on 


respond to 

an electrocardiogram by complete dissociation of the P 
waves and QRS-T complexes and the presence of a slow ven¬ 
tricular escape rhythm. Third-degree AV block is not at¬ 


co 


ropine responsive. 


Radiography/Echocardiography 

Thoracic radiographs are usually normal or show mild to 
moderate cardiomegaly. With transient atrial standstill, 
echocardiography shows a lack of atrial motion and little or 
no flow through the mitral valve during the atrial filling 
phase. Echocardiography is also used to rule out concurrent 
valvular or congenital abnormalities. 

Laboratory Findings 

Hyperkalemia may cause transient atrial standstill; however, 
with persistent atrial standstill, serum potassium levels are nor¬ 
mal, Other specific laboratory abnormalities are not found. 


DIFFERENTIAL DIAGNOSIS 


hyperkalemia, increased 


Other causes of bradycardia (i.e 
intracranial pressures) should be differentiated from intrin¬ 
sic conduction system dysfunction. 


MEDICAL MANAGEMENT 


Therapy for atrial standstill secondary to hyperkalemia 
should be directed at immediately lowering serum potas¬ 
sium levels and correcting the underlying cause of hyper¬ 
kalemia. Intravenous fluid therapy should be initiated with 
0.9% saline. If the animal has concurrent hyponatremia, 5% 
dextrose solutions (i.e., D5W) and half-strength saline 
should be avoided. Severe hyperkalemia may be treated with 
sodium bicarbonate (Table 29-16). Bicarbonate therapy 
drives potassium into cells in exchange for hydrogen ions. 
Alternatively, insulin (0.5 to 1.0 units/kg regular insulin in¬ 
travenously) and dextrose ( 2 g per unit of insulin) can be ad¬ 
ministered, Insulin facilitates cellular uptake of potassium, 
while dextrose prevents hypoglycemia following insulin ad¬ 
ministration. If the hyperkalemia appears immediately life 
threatening, 10% calcium gluconate given slowly intra¬ 
venously may protect the heart until other therapy lowers 
the plasma potassium concentration. 


SURGICAL TREATMENT 


Cardiac pacemaker therapy Is indicated for bradycardias that 
are the result of intrinsic cardiac disease, not responsive to 
atropine, and associated with clinical signs. 


Preoperative Management 

Most bradycardias are exacerbated by anesthetic drugs, 
Therefore some accommodation for maintaining an accept¬ 
able cardiac rhythm during permanent pacemaker implan¬ 
tation usually is necessary. Preanesthetic medication with an 
anticholinergic drug (e.g„ atropine or glycopyrrolate) is in¬ 
dicated but rarely sufficient to prevent worsening of brady¬ 
cardia during anesthesia. Temporary transvenous pacing is 
the most reliable method of maintaining an adequate heart 
rate during pacemaker implantation. Constant intravenous 
infusion of isoproterenol (see Table 29-17) is an alternative* 
but less reliable, means of maintaining heart rate during per¬ 
manent pacemaker implantation. Perioperative antibiotic 
therapy during pacemaker implantation is indicated to re¬ 
duce the risk of implant-associated infections. 


(PJ TABLE 29-16 


Therapy for Hyperkalemia 


(* 


| TABLE 29-17 


0.9% saline IV 

to dilute potassium 

Sodium bicarbonate 

1 to 2 mEq/kg IV 

Calcium gluconate* 

0,5-1 ml/kg over 5 minutes, IV 




Drugs Used to Increase Heart Rate in Animals 
with Unresponsive Bradycardia 




Isoproterenol (Isuprel) 

0.01 ^g/kg/min IV 


Propantheline bromide (Pro-Banthine) 


0.25-0,5 mg/kg PO, tid to qid 


* Temporary measure to sustain animal while other methods restore 
the potassium; use with extreme caution. 
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Anesthesia 

Temporary pacemakers can be implanted in dogs under ke¬ 
tamine plus diazepam (Table 29-18) administered intra¬ 
venously to effect for sedation; a local anesthetic is used to 
place the temporary pacemaker Once the animal is paced, 
ketamine plus diazepam may be used for induction. Anes¬ 
thesia should be maintained with isoflurane or sevoflurane 
and oxygen. 

Surgical Anatomy 

Refer to p. 678 for surgical anatomy of the heart* 


Positioning 

The animal is placed in dorsal recumbency for transdi- 
aphragmatic pacemaker implantation* The entire abdomen 
and caudal thorax are prepared for aseptic surgery* 


SURGICAL TECHNIQUES 


Epicardial pacemaker implantation in small animals is ac¬ 
complished through a midline celiotomy diaphragmatic in¬ 
cision, The transdiaphragmatic approach has several advan¬ 
tages including avoidance of a thoracotomy and abdominal 
placement of the generator* 


TABLE 29-18 


NOTE * The pulse generator does not begin to func¬ 
tion until the generator casing is brought into contact 
with the patient to complete the electrical circuit* 


Anesthesia for Placement of a Temporary Pacemaker 


Ketamine (5.5 mg/kg) plus diazepam [0.27 mg/kg) 
Administer IV to effect for sedation 
Use a local anesthetic at site of pacemaker insertion. 
Maintain anesthesia with isoflurane or sevoflurane and 
oxygen 


Per fa rm a celiotomy that exten els cron tolly to th e le vel o f the 

xiphoid (Fig. 29-23 , A j. Make 

the diaphragm and expose the cardiac apex. Open the peri¬ 
cardium and retract it gently with tissue forceps to expose the 


vertical mi cl line incision in 


l 




FIG 29-23 


c 


A, Transdiaphragmatic pacemaker 
implantation may be performed via mtdline 
celiotomy. B, Incise the diaphragm on its 


midline and open and retract the 


pericardium to expose the cardiac apex. 
Implant a screw-in electrode into the left 
ventricular apex by turning the electrode the 

number of rotations. C, Bring the 
lead wire through the diaphragmatic 
incision and connect it to the pulse 
generator. Place the generator In a pocket 
created between the transverse abdominis 
and internal abdominal oblique muscles. 

D, Close the diaphragm and abdomen 
routinely. [Modified from Orton EC: Small 

animal thoracic surgei 

1995, Williams & Wi 


specified 


, Philadelphia, 
ins.) 
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FIG 29-25 


FIG 29-24 

Transdiaphragmatic pericardial electrode placement. 


Screw-in epicardial electrode. 


depending on size and nature of the animal. Ideally, the 
stimulus voltage should be approximately two times the 
measured stimulus capture threshold* A voltage of 4 to 5 V is 

us u all y a d equ ate. 

Pacemaker electrodes are either endocardial (transve¬ 
nous) or epicardial. Endocardial electrodes may be unipolar 
or bipolar and are intended for placement in the right ven¬ 
tricle via a jugular vein* Endocardial electrodes may be used 

for temporary or permanent cardiac pacing 
electrodes have the advantage ot less invasive placement but 
require facilities for cardiac catheterization and have a 
higher incidence of catheter dislodgement Permanent endo¬ 
cardial electrode placement requires pulse generator im¬ 
plantation in the neck. Epicardial leads are unipolar and re¬ 
quire open thoracic surgery for implantation on the 
epicardial surface* The screw-in epicardial electrode has the 
advantage of not requiring epicardial sutures and allows a 
minimal thoracic approach for implantation (Fig, 29-25). 


of the left ventricle (Fig, 29-23, Bj, /mp/onf a screw-in 


op ex 

electrode into the left ventricular apex by turning the elec¬ 
trode tip a specified number of rotations (see instruction sheet 
accompanying pacemaker; usually 2.5 turns} (Fig. 29-24). 

Bring the lead wire into the abdominal cavity through the di¬ 
aphragmatic incision and connect it to the pulse generator 

small screwdriver Place the pulse generator m a 


using o 

pocket created between the transverse abdominis and inter - 

uscles (Fig. 29-23, C). Avoid using 


. Endocardial 


/ abdominal oblique m 
electrocautery once the permanent pacemaker is functioning * 
Do not suture the pericardium. Close the diaphragm and ab¬ 
domen in routine fashion (Fig. 29-23 , Dj. 


no 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Modern cardiac pulse generators are compact, have a long 
battery life, are programmable after implantation, and gen¬ 
erally are capable of a variety of sophisticated pacing modes* 
A three-letter code identifies the intended site of cardiac 
sensing, intended site for cardiac pacing, and pacing mode. 
The most commonly used pacing mode in small animals is 
Wl, which stands for ventricular-sensing, ventricular- 
pacing, inhibited mode. This means that the pacemaker is 
intended to pace the cardiac ventricles, but it will sense nat¬ 
urally occurring ventricular impulses and inhibit its own 
output when they occur. This demand function prevents 
competitive rhythms between the heart and pacemaker 
should spontaneous intrinsic ventricular activity occur. 
Most recent-model pulse generators are powered by lithium 
cells that have a life of 8 to 12 years. Pacemakers that have ex¬ 
ceeded their shelf life for implantation in humans but still 
have several years of useful battery life left can often be ob¬ 
tained for a fraction of the cost of new pacemakers. Modern 
pacemakers are programmable by radioffequency after im¬ 
plantation for several indices (he., pacing rate, stimulus volt¬ 
age, and sensing voltage). Cardiologists 
meal representatives usually can 
programmers tor setting pulse generator parameters before 
and after surgery. Dogs are paced at a rate of 70 to 110 bprm 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Pacemaker function should be monitored closely for the first 
48 hours posto pe ratively, and thereafter every 3 to 6 months. 
Recognition of normal pacemaker function is an important 
aspect of pacemaker management after surgery Demand 
(VV1) pacemakers should be monitored both for their abil¬ 
ity to pace or capture the heart, and for their ability to sense 
intrinsic cardiac impulses and inhibit their output when in¬ 
trinsic rhythms occur. Failure of either ot these functions 

serious problems for the patient* Paced beats 

electrocardiogram by the presence of 


are 


can cause 
reco 

stimulus artifact just before the QRS-T. A stimulus artifact 
will be present on the electrocardiogram regardless of 
whether the stimulus captures the heart. 

Failure to pace is recognized on an electrocardiogram by 
the presence of a stimulus artifact that is not followed by a 
QRS-T. Evaluation of paced beats for the presence of a T 

is important since artifacts I hat m imic the QRS com¬ 
plex may be present and can be misleading. Failure to pace 


a 


zed on an 


or pacemaker tech- 
provide appropriate 


wave 
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also is recognized by its failure to generate an arterial pulse. 
Early failure to pace can be caused by an inadequate stimu¬ 
lus voltage or a faulty connection between the electrode and 
generator. Late failure to pace can be caused by depletion of 
the generator battery, electrode breakage or dislodgement, or 
fibrosis leading to increased impedance at the electrode- 
myocardial interface. Failure to pace may be correctable by 
adjusting the pacing stimulus voltage of the generator. Radi¬ 
ographs are useful for evaluating for lead breakage, discon¬ 
nection, or dislodgement* 

Failure to sense intrinsic cardiac impulses can lead to 
competitive rhythms between the heart and pacemaker. 
Competitive rhythms are harmful because they result in 
tachycardia and place the patient at risk for ventricular 
fibrillation. Failure to sense is recognized on the electro¬ 
cardiogram by the presence of an intrinsic cardiac impulse 
between two paced impulses with a normal pacing inter¬ 
val. Failure to sense may or may not be accompanied by fail- 

by a failing gener- 
increased impedance at the electrode- 


A11 we re t reated su rgica 11 y and u n derwen t 1 horacotomy a nd 
pericardectomy, with histopatbiological evaluation of the re¬ 
sected pericardial sac. No tumor, infection, granulation tis¬ 
sue, or foreign body was found. Thirteen of the 25 dogs were 
golden retrievers, and all were large or giant breeds. Three 
(12%) died in the immediate postoperative period, and four 
(16%) died within 1 year of signs possibly related to the 
original condition. Eighteen (72%) survived at least 18 
months; seven died or were euthanized for reasons unrelated 
to pericardial effusion (median, 44 months); and I I were 
still alive at last contact {median, 61 months). 

Brockman DJ, Pilla JL Pusca SV> Beal MA, Jobes C, Acker 
M A: Lefl ventricular volume reduction surgery in a canine 
model of left ventricular dysfunction, Proceedings Am Col¬ 
lege of Vet Surg 2000 (abstract). The purpose of this study 
was to determine the effects of left ventricular reduction 
surgery on left ventricular function in normal dogs. Seven 
purpose-bred dogs were used. Four dogs died within the first 
week, thus 3 dogs were available to study. The authors deter¬ 
mined that cardiac function was improved in 

Cantwell SL, Duke T, Walsh PJ, Remedies AM, Walker D, 

Ferguson )Gr One-lung versus two-lung ventilation in the 
closed-chest anesthetized dog: a comparison of cardiopul¬ 
monary parameters. Vet Surg 29:365, 2000* The purpose of 
this study was to evaluate cardiopulmonary effects of one- 
lung vent ilatio n (OLV) versus two Tung ventilation (TLV) i n 
closed-chest anesthetized dogs* A controlled, randomized 

experiment was performed on fourteen, 2- to 7-year-old 
adult dogs. The left bronchus of 7 dogs was obstructed with 
a Univent bronchial blocker (Fuji Systems Corp* Tokyo, 
japan). Blood gas analysis and hemodynamic measurements 
were taken at predetermined intervals for 1 hour in the TLV 
group and at baseline and following bronchial obstruction 
in the OLV group. Shunt fraction was not significantly dif¬ 
ferent between groups, but in OLV shunt increased from 
baseline at 5 minutes. The significance of this study show's 
that OLV statistically decreases oxygen tension and tran¬ 
siently increases shunt fraction, but with 100% O. it appears 
to be a feasible procedure with minimal cardiopulmonary 
side effects in healthy dogs. OLV is a feasible procedure in 
anesthetized dogs to better facilitate thoracic procedures 
such as bronchopleural fistula repair and thoracoscopy. 

Da Costa A et ah Antibiotic prophylaxis for permanent 
pacemaker implantation, a met a-analysis, Circulation 
97:1796, 1998* Infection remains a serious complication af¬ 
ter permanent pacemaker implantation. The purpose of this 
study was to determine the importance of antibiotic pro¬ 
phylaxis prescribed at the time of insertion to reduce com¬ 
plications. A meta-analysis of all available randomized trials 
was used in the study to evaluate the effectiveness of antibi¬ 
otic prophylaxis to reduce infection rates after permanent 

pacemaker implantation. The results of the study suggest 
that systemic antibiotic prophylaxis significantly reduces the 
incidence of potentially serious infective complications after 
permanent pacemaker implantation* They support the use 




urc to pace 
ator battery or 

myocardial interface. Failure to sense may be correctable by 
adjusting the sensing voltage threshold of the generator* 

Premature ventricular complexes are often observed in 
the immediate postoperative period after pacemaker im¬ 
plantation, The origin of the ventricular complexes is usually 
consistent with the site of electrode implantation* Ventricu¬ 
lar ectopy usually is self-limiting and not a major problem as 
long as the pacemaker is sensing the premature complexes* 
Ventricular tachycardias that exceed 150 bpm should be sup¬ 
pressed with lidocaine therapy. 


by 


PROGNOSIS 


Animals showing clinical signs of severe exercise intolerance 
or syncope as a result of bradycardia are at risk for sudden 
death or development of congestive heart failure. Pacemaker 
therapy is extremely effective in preventing these conse¬ 
quences and restoring reasonably normal activity to animals 
with clinically relevant bradycardia* 


Suggested Reading 


Da Costa A et al: Antibiotic prophylaxis for permanent pacemaker 
implantation: a meta-analysis, Circulation 97:1796, .3998. 

Fox FR et al: Techniques and complications of pacemaker implan¬ 
tation in four cats ,} Am Vet Med Assoc 199:1742, 199L 
Rowland PH, Moise NS, Severson D: Myxoma at the site of a sub¬ 
cutaneous pacemaker in a dog, / Am Anim Hasp Assoc 27:649, 

1991, 


Snyder PS, Atkins CE, Sato T: Syncope in three dogs with cardiac 
pacemakers, / Am An im Hosp A ssoc 27:611, 1991* 

Wilbanks RD: Using the abdominal approach for pacemaker place¬ 


ment, Vet Med 87:139, 1992* 


Selected abstracts of recent mansuscripts 

Aronsohn MG, Carpenter JL: Surgical treatment of idio 
pathic pericardial effusion in 
1993), / Am Anim Hosp Assoc 35:521, 1999. Twenty-five 
cases of canine idiopathic pericardial effusion are described. 


the dog: 25 cases (1978 
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increased left ventricular end-diastolic and end-systolic 


of prophylactic antibiotics at the time of pacemaker inser 


MAP, and SVR. The E,, E e& , E es / E iT and MVo 2 did 


tion to prevent short-term pocket infection, skin erosion, 


pressu re, 


or 


not change. HBOC-3Q1 produced insignificant changes in 


sep 1 1 ce m i a. 


load independent indexes of cardiac performance (E a , E 


a? 


Jackson J, Richter KP, Launer DP; Thoracoscopic partial 


E J EJ in anesthetized dogs. The collective directional 


pericardiectomy in 13 dogs,/ Ve* Intern Med 13:529,1999* 


changes in these variables, however, in conjunction with sig- 


Thirteen dogs with cardiac tamponade resulting from peri- 


nificant increases in SVR were most likely responsible for a 


cardial effusion were prospectively evaluated to determine 


cardiac output. HBOC-301 infusion should be 


decrease in 


fea s i bili t y an d o utco m e o f t hGraces copic p ar t \ al p e ri cardiec - 


monitored and administered cautiously to dogs with poor 


to my. Complete resolution of cardiac tamponade occurred 


ventricular function 


in all dogs for which there was follow-up (11 dogs). Ten of 


Orton EC, Herndon GD, Boon JA, Gaynor JS, Hackett TB, 


13 dogs (76.9%) had neoplastic pericardial effusion. One of 


Monnet E: Influence of open surgical correction on 


these dogs remains alive at 220 days postop datively and is 


intermediate-term outcome in dogs with subvalvular aor- 


asymptomatic. The mean survival of the remaining 9 pa- 


tic stenosis: 44 cases (1991-1998), / Atn Vet Med Assoc 


tients with neoplastic effusion was 128 days (range, 14-544 


216:364, 2000. A retrospective study was performed on 44 


days: median, 38 days). Three of 13 patients (23,1%) had id 


dogs with congenital subvalvular aortic stenosis (SAS). Car- 


iopathic pericardial effusion. Two of these dogs remain alive 


diopulmonary bypass and open surgical correction of SAS 


at 585 and 1250 days p os toper ativeiy. Results indicate that 


without septal myectomy) was 


(membranectomy with 


the procedure was technically successful in all dogs. No anes 


or 


performed in 22 dogs, whereas 22 dogs did not undergo sur- 


thetic complications occurred, I he authors concluded that 


gical correction. Cumulative survival was compared between 


thoracoscopic partial pericardiectomy is technically feasible 


surgical and nonsurgical groups. The results showed systolic 


and offers several advantages over conventional open tho 


p re ss u re gr a d ien ts we re significantly dec reas ed a fte r surgery 


racic surgical pericardiectomy, 


27 mm Hg). Cumu¬ 


li! dogs that underwent surgery (54 


Morgan MR, Monnet E, Gaynor JS: The effect ot differing 


lative survival was not significantly different between dogs in 


the amount of protamine de¬ 


rates and injection sites 


on 


the surgical and nonsurgical groups. The authors concluded 


livered before detection of hemodynamic alterations in 


that despite reductions in the systolic pressure gradient and 


dogs, Vef Snrg 29:442, 2000. A prospective randomized ex¬ 


possible associated improvement in exercise tolerance, a pal 


20 adult mixed-breed 


perimentai study was performed 


on 


liative benefit on survival was not documented in dogs un- 


dogs in order to determine the effect of the route and rate ot 


dergoing surgery for SAS, 


protamine administration and the amount of protamine 


Palmer KG, King LG, Van Winkle TJ: Clinical manifiesta- 


that could be delivered before a hemodynamic reaction oc 


lions and associated disease syndromes in dogs with cra- 


curred in dogs. Before vascular surgery, the dogs were he 


nial vena cava thrombosis: 17 cases (1989-1996 ),/Am Vet 


activated dotting time (ACT) of 300 


parinized to reach 


an 


Med Assoc 213: 220,1998. The purpose of this study was to 


seconds. After completion of the vascular surgery, protamine 


characterize cranial vena cava thrombosis in dogs with re- 


administered intravenously until a hemodynamic 


gard to signalmen!, clinical manifestation, potential inciting 


tion was recorded. Significant decreases in systolic arterial 


treatment, and outcome. A retrospective study was 


pressure (SAP), mean arterial pressure (MAP), and diastolic 


causes 


performed on 17 dogs with a cranial vena cava thrombus. 


arterial pressure (DAP) and significant increases in s] 


Ten dogs had cranial vena cava syndrome, and 10 had a pleu- 


(SPAP)j mean (MPAP), and diastolic (DPAP) pulmonary ar- 


ral effusion. Predisposing conditions identified were pre 


recorded alter protamine ad minis tra- 


terial pressures 


we re 


s umed imm une - med iated he m a tolog ic d i se ase and co r I ico s- 


tion. The rate of administration did not have a 


teroid administration (6 dogs), sepsis (6), protein-losing 


the amount of protamine delivered. Adverse 


feet on 


nephropathy (2), neoplasia (2), and cardiac disease (1). Cen- 


minimized when protamine was admin is- 


reactions were 


tral venous catheterization was implicated as a contributing 


tered via the cephalic vein at a slow rate. The authors rec- 


Thrombocytopenia was the most consistent clinico 


ommend delivering protamine after cardiopulmonary by 


ca u s e, 


pathologic finding, and ultrasonography was helpful in con- 


pass or vascular surgery through a peripheral venous route. 


firming the diagnosis. Treatment varied, but 15 of the 17 


Muir WW, Autran De Morais HS, Constable PD: The ef- 


dogs died or were euthanized within 20 days of clinical maa- 


fects of a hemoglobin-based oxygen carrier (HBOC-3G1) 


ifestation of the thrombus. Prognosis is poor for dogs with 


left ventricular systolic function in anesthetized dogs, 


on 


cranial vena cava thrombosis associated with clinical signs. 


Vet Surg 29:449, 2000. This study evaluated the effects of a 


The authors suggest that the use of central venous catheters 


hemoglobin-based oxygen carrier (HBOC-301) 


on left 


be avoided in dogs with predisposing 


ventricular preload, afterload, contractility, and vent ricttlo - 


immune-mediated disease, sepsis, protein-losing nepbrepa¬ 


ir! anesthetized dogs. A prospective experi¬ 


al’ter iai co u pi in 


thy, neoplasia, and cardiac disease. 


dogs. The 


mental study was performed 


re- 


Vicari E, Brown DC, Brockman DJ, Holt D: Heart base tu- 


that the administration of HBOC-301 


suits showed 


mors in dogs: a retrospective study of 25 cases, Proceeding 


significantly decreased packed cell volume, blood resistivity, 


Am College of Vet Surg 2000 (abstract). The purpose of this 


and significantly 


heart rate, cardiac output, and dP/dt 


m ax 
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see pic pericardectomy was studied. Seven dogs had a partial 
pericardectomy through a standard left lateral thoracotomy 
at the fifth intercostal space* The remaining 7 dogs under¬ 
went selective lung ventilation and thoracoscopic partial 
pericardectomy. The results show that blood glucose concen¬ 
trations, plasma cortisol concentrations, and pain scores were 
significantly different between the two groups, with the tho¬ 
racotomy dogs having higher values at 1, 5, and 9 hours post- 
operatively. Three of the open thoracotomy dogs required ad¬ 
ditional analgesia after the initial dose of morphine. The 
authors conclude that thoracoscopic partial pericardectomy 
has several advantages over open partial pericardectomy in¬ 
cluding decreased postoperative pain, fewer wound com pli¬ 
ca tio n s, and more rapid ret ur n o f fu nc tion. 


study was to determine the overall survival in dogs with 
heart base tumors and determine prognostic indicators for 
survival. Twenty-five dogs with heart base tumors were stud¬ 
ied retrospectively. The mean survival of the dogs was 213 
days. Dogs undergoing pericardiectomy lived longer than 
those that were managed medically (661 +/— 170 days vs 

129+/ 


Walsh PJ, Remedios AM, Ferguson JF, Walker DD, Cantwell 
Sj Duke T: Thoracoscopic versus open partial pericardec¬ 
tomy in dogs: comparison of postoperative pain and mor¬ 
bidity Vet Surg 28:472, 1999. Postoperative pain and mor¬ 
bidity in 14 mixed breed healthy dogs undergoing open 
thoracotomy and partial pericardectomy versus thoraco- 


7 


1 




s 


IS 


L- 


J- 


gs 




30 


CHAPTER 

Surgery of the Upper 

Respiratory System 


•'iT 




f 


i 




f 




m 


Bfi 






GENERAL PRINCIPLES 

AND TECHNIQUES 


cooled fluids may be administered intravenously, or all these 


therapies may be used together. 


Diagnosis of upper respiratory disease is based on the 
history and clinical signs, physical examination findings, 
hematologic and serum biochemical parameters, radi¬ 
ographs, endoscopy, cytologic studies, culture, or biopsy or 
all of these. The history and clinical signs may include 
abnormal respiratory noises (e.g., cough, inspiratory stridor, 
wheeze), exercise intolerance, hyperthermia, tachypnea, 


DEFINITIONS 


Tracheotomy is an incision through the tracheal wall* Tra¬ 
cheostomy is creation of a temporary or permanent opening 
into the trachea to facilitate airflow. Tracheal resection and 
anastomosis is removal of a segment of trachea and reappo¬ 
sition of the divided tracheal ends. Ventriculocordectomy is 
resection of the vocal cords. 


TABLE 30-1 


SYNONYMS 


Indications for Upper Respiratory Tract Surgery 


Ventriculocordectomy is also known as debarking or devo¬ 
calization; permanent tracheostomy is also known as tra¬ 
ck eo stoma. 


Brachycephalic syndrome 
Devocolization 


Laryngeal collap 

Laryngotracheal trauma 
Laryngeal paralysis 
Tracheal collapse 
Laryngeal masses 
Tracheal masses 
Nasal tumors or infection 


se 


PREOPERATIVE CONCERNS 


Upper airway procedures are performed to remove, repair, or 
bypass areas of obstruction, injury, or disease ( able 30-1). 
Affected animals may show signs of mild to severe respiratory 
distress* Mild or moderately dyspneic patients initially should 
be examined from a distance to avoid exacerbating the con¬ 
dition. O pen - m o ut h b reat h i ng, a b ducted foreli mbs, tab or ed 
breathing, and restlessness indicate moderate to severe respi¬ 
ratory distress that may require emergency therapy. Minimal 
restrain t sho uId be used with severely dyspn e i c pat ie n ts, and 
they should be allowed to maintain the position in which 
they ted most comfortable* Supplemental oxygen may be 
given by means of nasal insufflation, tracheostomy tube or 
catheter, endotracheal intubation, mask, or cage. Corticos¬ 
teroids, sedation, or cooling (or all of these) may relieve dis¬ 
tress, Sedation may be beneficial for anxious patients with 
moderate to severe respiratory distress. Combinations of in¬ 
travenous drugs are commonly given; oxym or phone or bu- 
torphanol and either acepromazme or diazepam are fre¬ 
quently used in dogs (Table 30-2). As an alternative, fentanyl 
plus droperidol may be used. In cats, acepromazine or di¬ 
azepam ts recommended (Table 30-3). To cool dyspneic ani¬ 
mals, a fan may be directed at the patient, 
applied to the head, axilla! inguinal area, and extremities, 


i 


c 


c 


C 


TABLE 30-2 


e 


t 


Sedation of Severely Dyspneic Dogs 


l 


Oxymorphone (Numorphan) 

0.05 mg/kg, max 4 mg IV, IM, or 5C 

Butorphanol (Tarbutol, Torbugesio) 

0.2-0,4 mg/kg IV, IM, or 5C 


n 


v 


ti 


Acepromazine 


o 


0.02-0.05 mg/kg, max 1 mg IV, IM, or SC 


v. 


ti 


Diazepam {Valium) 


tr 


0.2 mg/kg IV 


v< 


Fentanyl plus droperidol (Innovar-Vet) 

1 ml/20-40 kg IV or 


1 ml/10-15 kg IM 


tr 


ice packs may be 


n 


IV f Intravenous; intramuscular; SC, subcutaneous. 
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TABLE 303 


| TABLE 30-5 


Sedation of Severely Dyspneic Cats 


Preoperative Corticosteroid Administration 


Ace promazine 


DexametKasone (Azium) 


0.05 mg/kg, IV, IM r or SC 


0,5-2 mg/kg IV, IM, SC 


Diazepam (Valium)* 


IV, Intravenous; IM, intramuscular; SC, subcutaneous. 


0.2 mg/kg IV 


t 


*Use with caution; may not reliably result in sedation, 
'Vi Intravenous; IM, intramuscular; SC f subcutaneous. 


TABLE 30-6 




SI TABLE 304 


Premedicants for Laryngeal Examination in Dogs 


Blood Transfusions 


Atropine 


0,02 0.04 mg/kg IM or SC 


ml of Donor Blood Needed 

Recipient blood volume* X 


Gly co py r ro la te 

0.005-0.01 1 mg/kg IM or SC 


Desired PCV - Actual patient PCV 

PCV of anticoagulated donor blood 


Oxymorphone {Ngmorphanj 


0.05-0,1 mg/kg IM 


*Total blood vol 


ume is estimated at 90 ml/kg For dogs and 70 
ml/kg for cots. A rough estimate is that 2.2 ml of blaod/kg of body 
weight will increase the recipient's PCV by 1 %. 

PCV Packed cell volume. 


Butorphanol (Torbutol, Torbugesicj 

0.2-0,4 mg/kg IM or SC 


Buprenorphine (Buprenex) 


dyspnea, cyanosis, restlessness, and/or collapse. Gagging and 
regurgitation of secretions are common with nasopharyn¬ 
geal laryngeal, and some tracheal abnormalities. Mucopuru¬ 
lent or bloody discharges arc common with obstructive or in¬ 
fectious nasal disease. Voice change may occur with laryngeal 
paralysis, and dysphagia may be noted with supraglottic ob¬ 
structions. Subcutaneous emphysema occurs with penetrat¬ 
ing laryngotracheal or nasal injuries. Clinical signs may in¬ 
tensify or may be precipitated by excitement, stress, eating, 
drinking, or high ambient temperatures. Laboratory data 
should be evaluated to detect any underlying metabolic dis¬ 
ease and to determine the advisability of general anesthesia. 
Tidal breathing flow volume loops are helpful in classifying 
obstructions as fixed or nonfixed. Pulmonary function tests, 
eiectromyo grap hy t a n d n e rve co n duction st udi es a re an cil 1 a ry 
tests that may indicate pulmonary or neuromuscular disease. 

Animals with nasal neoplasia, fungal infection, or foreign 
bodies may be anemic as a result of profuse epistaxis. Af¬ 
fected animals should be carefully evaluated for dotting ab¬ 
normalities by assessing platelet numbers, bleeding from 
venipuncture sites, or the presence of ecchymoses, petechia- 
tion, melena, hematuria, or retinal hemorrhage. If available, 
copulative ability may be assessed by determining the acti¬ 
vated dotting time, prothrombin time, partial thromboplas¬ 
tin time, or mucosal bleeding time, or all of these. Blood 
transfusions should be given before surgery if the packed cell 
volume (P CV ) ls 2 0% or lower (Table 30-4). Bleeding dur¬ 
ing rhinotomy may be severe, requiring intraoperative blood 
transfusion or carotid artery ligation, or both. 

A preoperative antiinflammatory dose of a corticosteroid 
(Table 30-5) may reduce nasopharyngeal and upper airway 


545 pg/kg IM 


IM, Intramuscular; SC, subcutaneous. 


edema that occurs secondary to surgical or diagnostic manip¬ 
ulations. Corticosteroids are routinely given when nasopha¬ 
ryngeal and intraluminal laryngeal procedures are performed. 


ANESTHETIC CONSIDERATIONS 


Patients with upper respiratory obstruction or disruption are 
extreme anesthetic risks. The periods of greatest danger are 
during induction of anesthesia and recovery (see p. 725 under 
Postoperative Care and Assessment). For laryngeal examina¬ 
tion, care should be taken to avoid drugs that inhibit laryngeal 
function. If the animal has already been sedated (see above) an 
anticholinergic drug (atropine or glyco pyrrol ate; fable 30-6) 
should be given. An opioid (oxymorphone, butorphanol, or 
buprenorphine) may also he administered to unsedated ani¬ 
mals. Pro p ofo 1 m ay be used fo r i n d uct i on becaus e it is noneu- 
mulative and may be given in small, incremental doses that 
maintain laryngeal function (Table 30-7). A combination of 
diazepam and ketamine is also useful for induction because 
these drugs maintain laryngeal function. Induction doses of 
thiobarbiturates may impair laryngeal function, making diag¬ 
nosis of laryngeal paralysis difficult. Oxygen should be .sup¬ 
plemented during the examination, and oxygen saturation 
should he monitored with pulse oximetry (preferable) or by 
observation of mucous membrane color. The patient should 
be intubated and anesthesia maintained with inhalant drugs 
after the examination for further diagnostics or surgery. 
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TABLE 30-7 


TABLE 30-8 


Selected Anesthetic Protocols for Use in Animals 
Undergoing Upper Respiratory Tract Surgery 


Perioperative Antibiotic Therapy 


For Dyspneic, Nonarrhythmic Animals 
Premeditation and Induction 

Diazepam (0.2 mg/kg given intravenously [IV]) 
immediately with thiopental ' (10-12 mg/kg IV] or 
propofol (4-6 mg/kg IV) to effect. As on alternative, 
give diazepam (0.27 mg/kg IV) plus ketamine (5.5 
mg/kg !V) titrated to effect. 

At a in ten a nee 

Isoflurane, halothane, or sevoflurane 

For Very Sick or Arrhythmic Animals 
Pre medication and Induction 

Diazepam [0.2 mg/kg IV) followed by etomidate* (1-3 

mg/kg iVj 

Maintenance 

Isoflurane, holothane, or sevoflurane 


Cefazolin (Ancef or Kefzot) 

20 mg/kg given intravenously at induction 
or twice at 4- to 6-hour intervals 


repeat once 


followed 


' TABLE 309 


Antibiotic Therapy for \ Jpper Respiratory infection 


Ampicillin 


22 mg/kg fV # IM, SC, or PO, tid 


Cefaiolin (Ancef/ Kefzol] 

20 mg/kg IV or IM, tid 


Trimethoprim-Sulfadiazine 


15 mg/kg IM or PO, bid 


Amikacin (Amiglyde-V) 

10 mg/kg IV, IM, or SC, tid (or 30 mg/kg sid) 


*for unsedated dogs, oxymorphone (G.Q5-G.01 mg/kg IV] may be 

given as part of the induction and the etomidate or barbiturate dose 
decreased. 


Enrofloxacin (Baytril)' 


General anesthesia is preferred for most upper respiratory 

procedures because it ensures a patent airway, allows con¬ 
trolled ventilation, facilitates asepsis, and is less stressful for 
patients. Local anesthesia may allow placement of a tra¬ 
cheostomy tube when the patient is comatose or cannot toler¬ 
ate general anesthesia. Dyspneic patients should be p re oxy¬ 
genated with a 

anesthetized (see 


5-1 0 mg/kg PO or IV, bid (or 5-20 mg/kg sid) 


Daxycycline 


3-5 mg/kg PO or IV, bid (or 10 mg/kg PO, sid) 


Azithromycin (Zithromax) 

Dogs: 3,3 mg/kg PO, sid for 3 to 5 
Cats: 5 mg/kg PO, eod 


s 




lace mask if possible. Affected animals being 
above for laryngeal examination) may be 
premedicated with an opioid, but continuous monitoring is 
necessary. Anticholinergics are indicated for bradycardia. In¬ 
duction should be rapid (e.g., propofol, thio barbiturate, or ke¬ 
tamine plus diazepam), and oxygen should be administered 
immediately. Mask induction is not recommended. /Anesthe¬ 
sia should be maintained with inhalant drugs. Laryngeal or 
tracheal procedures may require temporary retraction of the 
endotracheal tube from the surgical site, placing an endotra¬ 
cheal tube distal to the surgical site through a tracheotomy, or 
using injectable drugs. During surgery the animal should be 
sighed frequently to renew surfactant. Oxygen saturation or 
blood gases (or both) should be monitored from induction 
until recovery and until abnormalities have been corrected. 

i 

Selected anesthetic protocols are provided in Table 30-7, 


/V, Intravenous; tM f intramuscular; SC, subcutaneous; PO, oral; lid', 

three times 


day; sid, once a day; eod, every 


day; bid, twice 


* Doses greater than 5 mg/kg may be associated with blindness in 






sterile, whereas 95% of pharyngeal cultures were positive 

(McKiernan, Smith, Kissil, 1984), I 

Most canine respiratory tract infections are caused by 
gram-negative organisms, many of which are resistant to com¬ 
monly used antibiotics. The selection of antimicrobial drags 
should be based on cytologic and culture results of tracheo¬ 
bronchial, pulmonary parenchymal, and/or pleural secretions. 
Bland aerosol therapy {c.g., sterile 0,9% saline) helps loosen se¬ 
cretions and facilitates their clearance in dogs with tra¬ 
cheostomies; addition of antibiotics to the aerosol generally b 
unnecessary However, intratracheal or aerosolized antibiotics 
may be effect ive in so m e dogs with ch ro n ic resp ira tor y i n fac¬ 
tions. Lipid-soluble antibiotics that contain a benzene ring 
reach the highest levels in the normal trachea and bronchus 
however, increased permeability associated with inflammation 
allows numerous antibiotics to achieve high levels during in- 
fection. Antibiotics commonly recommended tor treatment of 
upper respiratory disease include ampicillin, potentiated sul¬ 
fonamides, cephalosporins, aminoglycosides, doxycydine, 
az i t h ro myci n, and fl u o ro q u t n o lo 


l 


c 


r 


!: 


c 


ANTIBIOTICS 


d 


Because the respiratory tract has a normal bacterial flora, 
prophylactic antibiotics (e.g 0 cefazolin; Table 30-8) fre¬ 
quently are given before surgery. However, animals with 
normal immune function undergoing short procedures 
[e.g + , nates resection, laryngeal saccule resection, vocal 
ccrdectomy) do not need them. Streptococci, Escherichia 

colly Pseudomonas spp., Klebsiella spp., and Bordetella bran¬ 
ch iseptka are most commonly isolated from normal dogs. 
In one study, approximately 64% cl tracheal cultures were 


d 


o 


it 


fc 


sa 


n es (Table 30 -9). 
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FIG 30*1 

Laryngeal anatomy. A, Oral view. B, Lateral view. 




SURGICAL ANATOMY 

! he thyroid cartilage forms the ventral and lateral walls of 
the larynx (Fig, 30-1). It surrounds the lateral aspect of the 
cricoid cartilage and articulates with the dorsolateral aspect 
of the cricoid cartilage (caudal) and thyrohyoid bones (era 
nia]) t Ventraliy the cricothyroid ligament joins the caudal 
border of the thyroid cartilage to the cricoid cartilage. The 
cricoid cartilage is a complete ring that is five times wider 
dorsal ly than it is 

dorsal wall of the larynx and cranially lies within the wings 
'■I the thyroid cartilage. The cricoid cartilage articulates at 
its cranial dorsolateral margin with the arytenoid cartilage 
which is paired (see Fig, 30-1). At the entrance to the glottis 

{laryngeal inlet), the arytenoid cartilages have two cunei¬ 
form processes ventraliy and two corniculate processes dor- 
saliy The vocal fold attaches to the vocal process of the ary¬ 
tenoid at its ventral aspect. The muscular processes are 
dorsolateral at the caudal aspect of the arytenoid. 


The glottis (laryngeal inlet) consists of the vocal folds, vo¬ 
cal processes of the arytenoid cartilages, and rim a glottidis 
(see Fig. 30-1). The vocal folds extend dor sally from the vo¬ 
cal processes of the arytenoids to the thyroid cartilage veil- 
t rally. Rostral and lateral to the vocal folds are the laryngeal 
ventricles, or saccules. The laryngeal saccule is a mucosal di¬ 
verticulum bounded laterally by the thyroid cartilage and 
medially by the arytenoid cartilage. The vestibular fold ( false 
vocal cord) forms the rostral border of the laryngeal saccule 
and attaches to the cuneiform process. 

The intrinsic muscles of the dogs larynx are innervated 
by somatic efferent axons from the vagus nerve. Some axons 
leave the vagus in the cranial laryngeal nerve to innervate the 
cricothyroid muscle; others provide sensory innervation to 
the mucosa. The recurrent laryngeal nerve, a branch of the 
vagus, terminates as the caudal laryngeal nerve, which in¬ 
nervates the remaining intrinsic muscles of the larynx. The 
caudal laryngeal nerve travels along the dorsolateral surface 
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cheat lumen . After comp/efion of the procedure , oppose ffte 
tracheal edges 

lene sutures. Fo close the tracheal incision , place suture s 
through the annular ligaments encircling 

through the annular ligaments only, lavage the surgical 

cles in a simple 


of the trachea and continues over the lateral surface of the 
cricoaivtenoideus dorsalis before deviating to the medial 
surface of the thyroid cartilage lamina. The cranial laryngeal 

branch of the external carotid artery travels with 


4-0 polypropy 


th simple interrupted 3-0 


or 


djacent cartilages 


artery a 

the cranial laryngeal nerve. It is the main blood supply to the 
larynx. The cranial laryngeal vein empties into the hyoid ve- 

arch and then the external jugular vein. Lymphatics 

drain into the retropharyngeal lymph node. 

The trachea is a semirigid, flexible tube extending from 

the cricoid cartilage to the mainstem bronchi at about 
fourth or fifth thoracic vertebra. Thirty-five to 45 C-shaped 
hyaline cartilages, joined by annular ligaments ventrally and 
laterally and trachealis muscle (dorsal tracheal membrane) 
dorsally form the trachea. The tracheal vessels 
which are found in the lateral pedicles, supply the trachea 
segment ally. Loose areolar connective tissue surrounds the 
trachea and forms the lateral pedicles. Vascular branches to 

pplied by the cranial and caudal thyroid ar- 
brooch oesophageal arteries and veins, and 

internal jugular veins. Innervation is by 

system. Sympathetic fibers from the middle cervical gan 


or 


site with saline. Appose the sternohyoid 
continuous pattern with 3-0 or 4-0 absorbable suture ( e.g„ 
polydioxanone , polyglyconate, or polyglactin 9 J 0). Appose 
the subcutaneous tissues and skin routinely 


m us 


no us 


Tracheostomy 

Tracheostomy allows air to enter the trachea distal to the 

mouth, nasopharynx, and larynx. A tracheotomy is 

performed, and either 

cheostomy) or a 
to facilitate airflow. A nonreactive tube that is no larger than 

one half the size of the trachea should be selected. Cuffed or 

cannula ted autoclavable silicone, silver, or nylon tubes are 

recommended. Polyvinyl chloride and red rubber tubes L ire 

irritating and should be avoided. It the animal is to be placed 

on a respirator, a cuffed tube is necessary. 

Temporary tracheostomy* A temporary tra¬ 
cheostomy is most commonly performed to provide an al¬ 
ternate airflow route during surgery or as an emergency pro¬ 
cedure in severely dyspneic patients. Tube tracheostomies 
usually are maintained for a short time. 


nose 


tube is inserted (temporary tra- 
s to m a i s ere a i ed (permanent t racheostom y) 


and nerves 


the trachea are su 
teries and veins, 


i autonomic nerv¬ 


ous 

glion and sympathetic trunk inhibit tracheal muscle con¬ 
traction and glandular secretions, whereas parasympathetic 

and recurrent laryngeal nerves cause 

tracheal muscle contraction and glandular secretions. 


SURGICAL TECHNIQUES 


Make a ventral midline incision from the cricoid cartilage ex¬ 
tending 2 to 3 cm caudally. Separate the sternohyoid muscles 
and make a horizontal {transverse} tracheotomy through the 
nular ligament between the third and fourth or fourth and 

fifth tracheal cartilages (see Fig. 30-2, Aj. Do not extend tfie 

incision around more than half the circumference of the tro - 

alternative , moke o vertical tracheotomy across 
the ventral midline of cartilages 3 through 5. Suction Wood 
and mucus from the lumen , widen the incision, and insert me 
tracheostomy tube . Facilitate tube placement by encircling a 

cartilage distal or lateral fo the Incision with a long stay suture 
(Fig. 30-2 r BJ, Place tension on this suture to open the incision . 
As an alternative , open o hemosfat in the incision or depress 

incision (see Fig 


Surgical techniques for the management of animals with up¬ 
per respiratory disease include tracheotomy (this page), tra¬ 
cheostomy (this page), tracheal resection and anastomosis 
(see p. 721), ventriculocordeclomy (see p. 723), tracheoplasty 

(see 

partial laryngectomy (see p. 738), rhinotomy (see p. 752) and 
surgery for stenotic nares (see p. 728), elongated soft palate 
(see p. 731), and everted laryngeal saccules (see p. 733). 


an 


p. 743), arytenoid cartilage lateralization (see p. 737) 


cheo. As 


an 


Tracheotomy 


access to the tracheal lu- 


Tracheotomy is performed to gain 

to remove obstructions, collect specimens, or facilitate 


men 

airflow. The tracheal incision may be closed or allowed to 
heal by second intention. Position the patient as described 


cartilages cranial to the horizon 
BJ. Resect a small ellipse of cartilage if tube insertion is difficult. 
Appose the sternohyoid muscles, subcutaneous tissue, and skin 
cranial and caudal to the tube. Secure the tube by suturing it 
to the skin or tying it to gauze that is tied around the neck 


the 


p. 742. 


Approach the cervical trachea through a ventral cervical 
midline incision . Extend the incision from the larynx to the 
sternum as needed to allow adequate exposure. Separate 
the s ternohyoi d mu scles a I ong th eir midline and retro ct th em 
laterally (Fig. 30-2 f A). Dissect the peritracheal connective 
tissue from the ventral surface of the trachea at the proposed 
tracheotomy site. Take care to ovoid traumatizing the recur¬ 
rent laryngeal nerves f 

vesselsor esophagus, 
thumb and forefinger Make a horizontal or vertical incision 

through the wall of the trachea (see Fig . 30-2 A). Place 
cartilage-encircling sutures around adjacent cartilages to 
separate the edges and allow lumen inspection or tube in¬ 
sertion. Suction blood, secretions , and debris from the tra- 


Permanent tracheostomy* Permanent tracheostomy 

is the creation of a stoma in the ventral tracheal wall by sa¬ 
te skin, fracheostomas are main- 


turing tracheal mucosa 
tained for life or until the stoma is surgically closed. Tra- 

are not needed to maintain lumen 


thyro id 


carotid artery ; jugular vein 
immobilize the trachea between the 


cheostomy tubes 
patency after this procedure. Permanent tracheostomies 

recommended for animals with upper respiratory ob¬ 
structions causing moderate to severe respiratory distress 
(e.g., laryngeal collapse, nasal neoplasia) that 

ssfully treated by other methods. Owners should be 


are 


succe 

warned that these animals must be restricted from swim- 
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FIG 30-2 

Tube tracheostomy.. A, Make a transverse incision through the annular ligament. Excise 

I ellipse of cartilage from each tracheal cartilage adjacent to the tracheotomy incision 
to minimize tube irritation (dotted line). B, Facilitate tube placement by depressing the 
proximal cartilages with a hemostat and elevating the distal cartilages with an enci rcli 

tracheostomy tube that does not completely fill the lumen. 


a 


p 


suture. 


a 


i 




ufor ligaments proximal and distal to the 
a series of interrupted intradermal sutures (3-0 

or polypropylene). Moke an /- or 
the mucosa . Fold the mucosa over the 


laterally and the ann 

stoma with 

4-0 polydioxanone 
H- shaped incision in 
cartilage edges and suture it to the edges of the skin with ap¬ 
proximating sutures to complete the tracheostome (Fig. 30-3, 
BE Use simple interrupted sutures at the corners and a 
continuous pattern to further appose skin and mucosa (using 
4-0 polypropylene suture) (see Fig. 30-3, BJ. 


ming and that vocalization is diminished or absent after 
this procedure. 

Expose the proximal cervical trachea with a ventral cervical 
midlm incision. Create a tunnel dorsal to the trachea in the 
area of the third to sixth tracheal cartilages. Using this tunnel , 
oppose /he sfern ohyoid muscles dorsal to the trachea with 
horizontal mattress sutures to create a muscle sling to reduce 

tension on fhe mucosa-to-skin sutures (Fig. 30-3, A). Begin¬ 
ning with the second or third tracheal cartilages , outline 
rectangular segment of tracheal wall three to four cartilage 

widths long and one third the circumference of the trachea in 

width, incise the cartilage and annular ligaments to the depth 

of the trochee/ mucosa 
edge with thumb forceps and dissect the cartilage segment 
from the mucosa. Place one or two prosthetic tracheal rings 
cranial and caudal to the stoma if the tracheal cartilages 
show any weakness or tendency to collapse , Excise a similar 
segment of skin adjacent to the stoma (excise larger segments 
of skin if the animaf has loose skin folds or abundant subcu¬ 
taneous hi). Suture the skin directly to the peritracheal fascia 


i 


3 


5 


> 


7 


t. 


simple 


n 


it 


Tracheal Resection and Anastomosis 


Removal of a trachea! segment may be necessary to treat tra¬ 
cheal tumors, stenosis, or trauma. Depending on the extent 

tears in the tracheal wall that occur as a conse¬ 
nt bite wounds or endotracheal intubation 


l- 


i- 


(see Fig. 30-3 , A). Elevate 


e 


a- 


a ca 


q uen ce 

dosed primarily, or they may be resected and the tracheal 
ends anastomosed. Depending on the degree of tracheal 
elasticity and tension, approximately 20% to 60% of the tra- 

be resected and direct anastomosis achieved. The 


m 


b- 


h t; 


be 


may 

split cartilage technique is preferred because it is easier to 
perform and results in more precise anatomic alignment 


be 
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FIG 30-3 

Permanent tracheostomy,, A, Deviate the trachea ventrally by apposing the sternohyoid 
muscles with mattress sutures. Excise a rectangular segment of ventral tracheal wall 
penetrating the mucosa. Note the dotted line where the hshaped incision is made after 
removing tne cartilage segment. Excise loose skin adjacent to the stoma. B, Use 
intradermal sutures to appose the skin to the annular ligaments and peritracheal tissues. 
Appose the tracheal mucosa to the skin with three or four interrupted sutures; complete the 

closure in a simple continuous pattern 


without 


3 


Preplace and then tie three or four simple interwptBU 
sutures (3-0 or 4-0 polypropylene) in the dorsal trachea! 
membrane (Fig. 30-4, BJ, Refract the endotracheal tube into 
the proximal trachea during resection and placemen f or si 
tu res i n th e dors a / trachea / mem bro ne, Remo ve blood cfefs 
and secretions from the lumen and advance the tube tfafal 
fo the anastomosis after placing dorsal tracheal membrm 

Complete the anastomosis by apposing the spiff 
cartilage halves or adjacent intact 
terrupted sutures beginning at the ventral 

trachea ♦ Space additional sutures 2 to 3 mm 
three or four retention sutures to help relieve tension on 
anastomosis. Place and tie these sutures so that they encir¬ 
cle an intact cartilage cranial and caudal to the anastomo¬ 
sis, crossing externa/ to the anastomotic site (Fig, 30-4 I, Cj 
Ravage the area and appose the sternohyoid muscles in a 
simple continuous pattern. Close the subcutaneous tissue 
and skin routinely 


with less luminal stenosis than many other techniques. 
Diseased trachea that exceeds the limits of resection and 
anastomosis may be managed with permanent trache¬ 
ostomy, intraluminal silicone tubes, grafts, or prostheses 
with variable success. 


sors. 








Expose the involved trachea through a ventral cervical mid- 
line incision , lateral thoracotomy (see p. 764 ), or median 
sternotomy (see p. 764). Mobilize only enough trachea to 
allow anastomosis without tension * Preserve os much of the 

supply to the trachea os possi- 


sutures 


f th simple jV 
idpoint of the 
apart Place 




es wr 


mt 


segmental blood and nerve 
ble. Place stay sutures around cartilages cranial and caudal 

to the resection sites before transecting the trachea. Resect 
the diseased trachea by splitting a healthy cartilage circum¬ 
ferentially at each end or incising annular ligaments adja 

cent to the intact cartilages (Fig. 30-4 , A). Use a No, 1 1 
blade to split the tracheal cartilages at their 
sect the dorsal tracheal membrane with Metzenbaum scis- 




midpoint. Tran- 
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FIG 30-4 


Tracheal resection and anastomosis, A f Place stay sutures cranial and caudal to the 
resection sites. Split the cartilages with a No. 1 1 blade and transect the trachealis muscle 
with Metzenbaum scissors. B, Appose the trachealis muscle with three or four interrupted 
sutures, then approximate the split cartilages, C, Place three or four tension 
sutures around cartilages adjacent to the anastomosis. 






fc 


relieving 






Oral approach. Position the patient in ventral recum¬ 
bency with the neck extended. Suspend the maxilla and pull 
the mand/We ventrally to maximally open the mouth. Extend 
the tongue from the mouth to get maximum exposure of the 
glottis. Retract the cheeks laterally to improve visualization. 
Avoid placing podding or hands in the region 
because this may distort the nasopharynx. Remove the cen¬ 
tral margin of the vocal cord for debarking with a laryngeal 
or uterine cup biopsy forceps (Fig 

long-handled Metzenbaum scissors and remove 
much of the vocal fold extending info the laryngeal lumen 
possible (Fig. 30-5, BJ, With either technique maintain 
1 to 2 mm of mucosa at the dorsal and ventral aspects of the 
vocal cord. Control hemorrhage with pressure. Remove 
blood clots and secretions with suction or sponge s. Allow the 
incision to heal by second intention , 

Laryngotomy approach. Position the patient in dorsal 
recumbency with the neck extended over o rolled towel (Fig, 
30-6) * Expose the larynx using a ventral mid line cervical 


if tension relieving sutures do not adequately relieve ten¬ 
sion of ike on a stomas is, further mobilize the trachea / mo he 
partial fhieifness incisions through annular ligaments proxi¬ 
mal and distal to the anastomosis, or restrict head and neck 
movement after surgery Prevent full extension of the neck by 
placing a suture from the chin to the manubrium or by fixing 
a muzzle to a harness to maintain mild to moderate cervical 
flexion. Mam fa in the muzzle for 2 to 3 weeks , 














rynx, 


k 


. 30-5, A). To widen the 


t 


Ventriculocordecfomy 

Ventriculocordectomy is removal of the vocal cords to alter 
vocalization, remove masses, or enlarge the ventral glottis. 
The procedure may be performed using an oral or ventral 
(laryngotomy) approach. Anesthesia is maintained by using 

a tube i rach eo sto my, manipulating t he en d otrac h ea I tube to 
ihe l ontralateral side ot the larynx, or performing the proce- 
dure using injectable anesthetic agents. Ventriculocordec¬ 
tomy performed to widen the ventral glottis requires that 
m l:* re vocaI fo 1 d be resected t h an fo r deb a r k i n g 


glotti s 


use 
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Oral 


approach 


I 


X/ 




FIG 30-5 

For ventriculocordectomy, an oral or a laryngotomy approach may be used. A, For 
devocalization using an oral approach, remove the central portion of the vocal fold with 

or uterine biopsy forceps. B f For laryngeal paralysis or 
devocalization, remove most of the vocal Fold with 


laryngeal cup forceps 


Metzenbaum scissors. 


approach, beginning rostral to the bo si hyoid bone and ex¬ 
tending caudaily to the proximal trachea. Separate and 

tract the paired sternohyoid muscles. Identify the midline of 
the thyroid cartilage. Ligate and divide the laryngeal impar 
vein if necessary : Incise the coco thyroid ligament with a No. 
15 or No. 11 blade . Extend the incision along the midline o f 
th e thy rot d ca rti lags as n eede d to expose th e voca I folds. Ex¬ 
cise the entire vocal fold from the arytenoid cartilage dor- 
sally and the thyroid cartilage ventrally (see Fig . 30-6), 
Close the defect by opposing the mucosa in a simple contin¬ 
uous oppositional pattern using 4-0 polydioxanone suture 

Fig. 30-6), Appose the cricothyroid ligament and thy¬ 
roid cartilage with simple interrupted sutures. Appose the 
sternohyoid muscles in a simple continuous pattern with 3-0 
or 4-0 polydioxanone or polyglyconate suture. Close the 
subcutaneous tissues and skin routinely, 


Tracheal epithelium responds immediately to irritation 
or disease by increasing mucus production. It the insult 
continues, cells desquamate and goblet cell hyperplasia 
occurs to increase the protective mucous layer. Superficial 
wounds heal by reepithelialization. Healing begins within 
2 hours after slough of superficial cells. Intact ciliated 
columnar cells surrounding the defect flatten, lose their 
cilia, and migrate over the wound Mitosis begins about 
48 hours after injury in the ciliated columnar and basal 
epithelial cells. Organization and differentiation begin after 
4 days. Squamous cells replace ciliated arid goblet cells it 
injury recurs without healing. Full thickness tracheal 
mucosal wounds with a gap between mucosal edges fill 
with granulation tissue before reepithelialization. Full 
thickness wounds may heal with scar tissue protruding 
into the lumen. Scar tissue narrows the lumen and may 
interfere with mucus transport. A 20% reduction in lumen 
diameter may reduce mucociliary clearance by more 

than 50%. 


re- 


HEALING OF THE RESPIRATORY TRACT 


Laryngeal wounds heal by reepithelialization if mucosal 
edges are in apposition. Epithelial cells at the wound mar¬ 
gins extend and spread over the wound until it is covered. 
Constant motion associated with breathing and head move¬ 
ment inhibits primary healing. Laryngeal wounds with gaps 
heal by second intention, first filling with granulation tissue 
and then reepitheiiaiizing. Second intention healing may re¬ 
sult in scarring across the glottis. Scarring may be prevented 
by restricting surgery to one side of the larynx and leaving 
epithelium at the dorsal and ventral commissures intact. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


An assortment of long-handled instruments are beneficial. 
Skin hooks, laryngeal or uterine cup biopsy forceps, and tra* 
cheal prostheses (see p. 743) are needed for some proce¬ 
dures. Nonreactive, monofilament suture (e,g., polydiox - 
a n o n e o r polyp ro pyl e n e) is re co m m e n de d lb r s u rge ry o f the 
upper respiratory tract. 
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FIG 30*6 

For ventriculocordectomy by o laryngotomy approach, position the patient in dorsal 
recumbency with the neck extended over a rolled towel Expose the larynx, identify the 

of the thyroid cartilage and the cricothyroid ligament, then incise with a scalpel 
blade. Expose the vocal folds and excise them. Close the defect by apposing the mucosa 
in a simple continuous oppositional suture pattern. 


midline 


* 


S- TABLE 30-10 


POSTOPERATIVE CARE 
AND ASSESSMENT 


* 


Postoperative Analgesics after Upper Respiratory Surgery 


Patients must be closely monitored during anesthetic recov 
ery for hemorrhage, coughing, gagging, or aspiration. They 
should be kept intubated as long as possible and re intubated 
or have a tracheostomy tube placed if respiratory distress oc- 
curs after extubation. Supplemental oxygen should be pro¬ 
vided if necessary during recovery, and excitement and pain 
should be minimized by postoperative analgesics (Table 
30-Hi a Inserting a nasal oxygen catheter at the conclusion of 
surgery allows supplemental oxygen to be delivered ( Table 
30-11 J- As an alternative, the animal may be placed in an 
oxygen cage* Positioning the patient in sternal recumbency 
may facilitate respiration. Postoperative corticosteroids (see 
kiblc 30-5} may be required to reduce m ucosal swe 11 i ng and 
edema. Prophylactic antibiotics can be discontinued imme¬ 
diately after surgery Water may be offered 6 to 12 hours af- 
U r surgery and if gagging, regurgitation, or vomiting does 
not occur, soft food made into meatballs may be offered 18 
(o 24 hours postoperatively. Meatballs should be fed one at a 
time for 5 to 7 days after nasopharyngeal or laryngeal proce¬ 
dures to slow ingestion. Exercise should be restricted for 4 


Oxymorphone (Numorphan) 

0.05-0,1 mg/kg IV or !M every 4 hours (as needed) 

Buterphanol {Torbutol, Torbugesk) 

0.2-0.4 mg/kg IV, IM, or SC every 2 to 4 hours (as 
needed) 


Buprenorphine (Buprenex) 


5-1 5 pg/kg IV or IM every 6 hours [as needed) 


Hydromorphone (Dilaudid) 

0.05 mg/kg-0.2 mg/kg IV or IM every 4 to 6 hours (as 


IV, Intravenous; IM, intramuscular; SC, subcutaneous. 

weeks* A harness rather than a collar should he used for 2 to 
4 weeks to avoid incisional, tracheal, or laryngeal trauma. 

Intensive postoperative care is required after tube tra¬ 
cheostomy. The animal must be observed closely to prevent 
asphyxiation secondary to tube obstruction or dislodgment. 
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TABLE 3012 


ABLE 301 1 


Common Errors in Managing Animals with Upper 
Respiratory Disease 


Placement of Nasal Catheter for Delivery of Oxygen* 


• Place a few drops of local anesthetic into the nasa 
cavity. 

• Measure the distance to the medial canthus of the eye 
and mark the catheter. 

• Advance a lubricated, 5 to B French feeding tube 
through the nostril into the nasopharynx to the pre- 
marked site. 

• Attach the tube to an oxygen source and administer hu¬ 
midified oxygen at 50 ml/kg/minute t 


* Failing to diagnose and treat upper respiratory disease 
before secondary problems develop (he., aspiration 

pneumonia) 

* Failing to recognize laryngeal collapse 

• Causing trauma to 

• Failing I 


recurrent laryna 
to monitor the patient intensively after surgery 


eai nerves 


COMPLICATIONS 


+ Gastric distention may occur if the flow rate is too high 
fSee also p. 21. 


Acute respiratory obstruction caused by mucosal swe 
edema, irritation, and increased mucus production and/or la¬ 
ryngeal or tracheal collapse may occur after upper respiratory 
surgery and must be relieved promptly (Table 30-12). 
tion is a possible problem because the nasopharynx, larynx, 
and trachea have a resident bacterial flora* Using strict asep¬ 
tic technique and lavaging contaminated tissues usually pre¬ 
vent infection. Injury to the recurrent laryngeal nerve may 
cause laryngeal spasms, paresis, or paralysis, leading to aspi¬ 
ration pneumonia. Mu cost as is may occur after nerve dam¬ 
age. Nerve damage is prevented by gentle tissue handling, ap¬ 
propriate dissection, and careful tissue retraction. 

Complications associated with tube tracheostomy in¬ 
clude gagging, vomiting, coughing, tube obstruction, tube 
dislodgment, emphysema, tracheal stenosis, tracheal mala- 
eia> and tracheocutaneous or tracheoesophageal fistula. 
Some animals occlude the tracheostomy tube when the neck 
is flexed and when they sleep with bedding. The main com¬ 
plication of permanent tracheostomy is stomal occlusion 
from accumulated mucus, skin folds, or stenosis. Mucus ac¬ 
cumulation, coughing, and gagging may also occur because 
of tracheal irritation. Tracheostomy tubes and endotracheal 
tubes that cause pressure necrosis of the tracheal mucosa or 
cartilages may result in strictures. 

Complications after tracheal resection and anastomosis 
may include hemorrhage, voice change, fistula formation, 
and cartilage malacia. Malacia is uncommon, and the other 
complications are manageable. Dehiscence occurs after tra¬ 
cheal anastomosis if there is too much tension or neck move¬ 
ment after surgery. Subcutaneous emphysema, acute respira¬ 
tory distress, hemoptysis, and subcutaneous swelling are 
signs of dehiscence. Excessive anastomotic tension and sec¬ 
ond intention healing may lead to tracheal stenosis. Excessive 
dissection may cause ischemic necrosis of the remaining tra¬ 
chea. Traumatizing the recurrent laryngeal nerves may cause 
laryngospasms, laryngeal paresis, or laryngeal paralysis, 
Long-term successful repair of intrathoracic tracheal avul¬ 
sion was recently reported in cats (White, Burton, 2000). 

After ventriculocordectomy, scar tissue may form within 
the larynx and trachea, leading to obstruction weeks after 
s u r gery. Clinical signs of obstruct ion are not us ually appa rent 
until luminal compromise approaches 50%. Scar tissue forms 
across the larynx from mucosal damage or with second in¬ 
tention healing near the dorsal and ventral commissures. 


Mucus clearance is inhibited in these animals, and mucosal 
irritation leads to increased mucus production. Tube clean¬ 
ing may be required every 15 minutes it the trachea is irri¬ 
tated. Sterile technique (he., gloves, instruments) should be 
used to clean tracheostomy tubes* Secretions may be re¬ 
moved by inserting a sterile suctioning cannula into the 
tube’s lumen and distal trachea. When canmilated tubes are 
used, the inner cannula may be removed and cleaned while 
the outer tube is suctioned. Injecting sterile saline (1 ml) 

few minutes before suctioning helps loosen 
secretions. A new tube should be used if these techniques do 
not adequately remove secretions. Tracheostomy tubes may 
be removed when an adequate airway and spontaneous ven¬ 
tilation have been established* Occasionally, the tube should 
be occluded and the patient observed while breathing 
around the tube to determine if the tube can be removed* 
This should not be done in animals with cuffed tubes or 
those that have large tubes that fill the tracheal lumen. After 
removal of the tube, the tracheostomy site should be allowed 
to heal by second intention. 

Management of permanent tracheostomies usually is less 
demanding than that for tube tracheostomies. Initially the tra- 
cheostoma should be inspected for mucus accumulation every 
1 to 3 hours. When mucus begins to occlude the tracheostoma 
or when respiratory effort increases, the site should be suc¬ 
tioned as described above for tube tracheostomies. Mucus at 
the stoma may be removed by aspiration or by gently wiping 
with a sponge or applicator stick. Only a moderate amount of 
mucus is expected to accumulate during the first 7 to 14 days 

unless the animal has severe tracheitis. By 7 days 

i i 

the cleaning interval usually increases to every 4 to 6 hours, and 
after 30 days twice daily stomal cleaning usually is sufficient. 
However, smoke and other noxious stimuli increase mucus 
production and necessitate more frequent cleaning. Hair 
should be clipped as needed from around the stoma to prevent 
matting of the hair with mucus. Exercise and housing should 
be restricted to clean areas* 

After tracheal resection and anastomosis, exercise 
neck extension should Lie restricted for 2 to 4 weeks* Animals 
should be kept quiet and observed for signs of respiratory 
distress after ventriculocordectomy. Some animals gag and 
cough. Vocalization should be discouraged for 6 to 8 weeks. 
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Other complications include edema, hemorrhage, cough, 
gag, stenosis, and altered vocalization. Mucosal edema may 
partly obstruct the glottis and can be reduced by pretreat’ 
mem with corticosteroids. Stenosis may occur at the dorsal or 
ventral commissures of the glottis after ventriculocordec~ 
to my if intact mucosa is not preserved in these areas and 

mucosa 


TABLE 30-13 


Commonly Affected Brachycephalic Breeds of Dogs 


English bulldog 




• Boston terrier 


* Pf 

* Pekingese 

* Boxer 


healing occurs by second intention. Approximating 
over the ventriculocordectomy sites also minimizes stenosis, 
Ventriculocordectomy is expected to alter the normal bark, 
making it lower pitched and harsher, Resumption of 
near-normal bark may occur within months after removal of 
only the vocal fold margin and second intention healing. 


* Lhasa apso 


■ 


a 


* Shar pei 


SPECIAL AGE CONSIDERATIONS 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


The tracheal and laryngeal cartilages of very young animals 
have a high water content, and these cartilages may not hold 
sutures well. Congenital abnormalities involving the respira¬ 
tory tract should be treated early in the animals life (within 
the first year) to avoid progressive respiratory distress and to 
improve the animal's quality of life. Old animals may have 
ossified, inelastic, brittle cartilages that are difficult to ma¬ 
nipulate during surgery. 


Stenotic nares (congenital malformations of the nasal carti¬ 
lages) are commonly seen in brachycephalic breeds. The car¬ 
tilages lack normal rigidity and collapse medially, causing 
partial occlusion of the external nares. Airflow r into the nasal 
cavity is restricted, and greater inspiratory effort is necessary, 
causing mild to severe dyspnea. Concurrent soft palate elon¬ 
gation, everted laryngeal saccules, aryepiglottic collapse, 
niculate collapse, or all of these often contribute to the sever¬ 
ity of respiratory distress. 

Brachycephalic syndrome refers to the combinalion of 
stenotic nares, soft palate elongation, and laryngeal saccule 
eversion that is commonly seen in brachycephalic dogs 
( Table 30-13). Concurrent tracheal hypoplasia or advanced 
laryngeal collapse often contributes to the respiratory dis¬ 
tress, Brachycephalic animals exhibit signs of upper airway 
obstruction because of anatomic and functional abnormali- 

compressed face with poorly 
developed nares and a distorted nasopharynx. Their head 
shape is the result of an inherited developmental defect in 
the bones of the base of the skull. These bones grow to a nor¬ 
mal width but a reduced length. The soft tissues of the head 
are not proportionally reduced and often appear redundant. 
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ties. They typically have 




DIAGNOSIS 

Clinical Presentation 

Signalment. Brachycephalic breeds (particularly Eng 
lish bulldogs, Boston terriers, pugs, and Pekingese) 
dominantly affected. Dogs arc more commonly affected 
than cats (he., Himalayans and Persians). The condition can 
affect either gender. Stenotic nares are present at birth; 
however, many animals are presented for evaluation between 
2 and 4 years of age. 

History. Patients with upper airway obstruction usually 
have noisy (stridulous), difficult breathing. Some animals 
are presented for evaluation because of frequent retching 
gagging up ot phlegm. Dogs may have trouble swallowing 
because the normal occlusion of the airway during degluti¬ 
tion compromises ventilation. Exercise intolerance, cyanosis, 
restless sleeping (sleep-disordered breathing), and collapse 
often are reported. Excitement, stress, and increased heat 
and humidity frequently make the clinical signs 
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Stenotic nares are nostrils with abnormally narrow openings. 
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SURGICAL TREATMENT 


Physical Examination Findings 

Stenotic nares are identified on physical examination. The 
nares may be mildly moderately or severely deviated medi¬ 
ally. Signs of increased inspiratory effort include retraction 
of lip commissures, open-mouth breathing or constant 
panting, forelimb abduction, and exaggerated use ot abdom¬ 
inal muscles. Paradoxical movement of the thorax and ab¬ 
domen, recruitment of accessory respiratory muscles, in¬ 
ward collapse of the intercostal spaces and thoracic inlet, and 
orthopneic posture (extended head and neck and reluctance 
to lie down) may be apparent. The mucous membranes are 
normal in color with mild or moderate dyspnea but are pale 
or cyanotic with severe dyspnea. Affected animals often are 
restless and anxious, especially when restrained. Animals 
may be hyperthermic as a result of ineffective cooling. Care¬ 
ful thoracic auscultation is difficult because of referred up¬ 
per airway noise. Gastrointestinal tract distention may occur 
secondary to aerophagia associated with open-mouth 
breathing. 

Radiography 

Thoracic radiographs should be evaluated to detect underly¬ 
ing cardiac abnormalities {i.e., c ardiomegaly, heart failure) 
or pulmonary abnormalities (Le., pulmonary edema, pneu¬ 
monia). Lateral radiographs of the nasopharynx, larynx, and 
trachea sometimes are helpful in assessing concurrent air¬ 
way abnormalities. The soft palate may be thickened and 
elongated. Nasopharyngeal, laryngeal, and tracheal masses 
may be identified. Determining the tracheal to thoracic inlet 
diameter ratios can help in assessing the size of the trachea 
(see p. 740). 

Laboratory Findings 

Hematologic and serum biochemistry findings usually are 
normal. In rare cases blood gas evaluation may reveal hy¬ 
poxemia and respiratory alkalosis. Oxygen saturation that 
acutely falls below 80% may cause signs of syncope and col¬ 
lapse. Polycythemia may occur if hypoxia is chronic. 


Multiple procedures (e.g., stenotic nares resection, resection 
of elongated soft palate, resection of everted laryngeal sac¬ 
cules) usually are required to alleviate signs of brachycephalic 
syndrome. Animals with upper respiratory obstruction are 
anesthetic and postoperative risks (see pp. 717 and 726). 


Preoperative Management 

These animals should be monitored carefully for decom¬ 
pensation and progressive respiratory distress. Emergency 
therapy (e.g., temporary tracheostomy; see p. 720) may be 
necessary if dyspnea worsens acutely. Animals undergoing 
concurrent laryngeal or nasopharyngeal procedures should 
be treated with antiinflammatory doses of corticosteroids 
(see Table 30-5). 

Anesthesia 

Anesthesia or sedation must be done carefully in these ani¬ 
mals (see p. 717). Virtually all sedatives and anesthetic agents 
relax the upper airway dilating muscles while allowing the 
diaphragm to continue contracting. This allows the upper 
airway to collapse and reduces respiratory drive. Airway col¬ 
lapse is worsened by negative inspiratory pressure that draws 
the pharyngeal walls medially. Anesthesia also relaxes the 
muscles used by brachycephalic animals lo facilitate breath¬ 
ing (e,g., the geniohyoid, genioglossus, and sternohyoid 
muscles). Oxygen saturation can drop rapidly during anes¬ 
thesia or sedation; it should be monitored during induction, 
oral examination, anesthesia, and anesthetic recovery. Anes¬ 
thesia should be induced and the animal intubated as 
quickly as possible. General anesthetic recommendations 
and selected anesthetic protocols for animals with upper rev 
piratory disease are given on p. 718. 

Surgical Anatomy 

The dorsal and ventral lateral nasal cartilages unite late rally 
to form a cartilage tube, the nostril (Fig. 30-7, A and B), The 
nostrils are supported medially and ventrallv by the nasal 
septum and dors ally by the dorsal lateral nasal cartilages. 
The dorsal lateral cartilage also forms the lateral wall of the 
nostril. The lateral accessory cartilage contributes ventral 
support to the nostrils. I 

Positioning 

Position the patient in sternal recumbency with the chin 
resting on a pad. Tape the head to the table to prevent rota¬ 
tion. The planum nasale should be scrubbed with antiseptic 
soap and solutions. I 


DIFFERENTIAL DIAGNOSIS 


Stenotic nares generally occur in conjunction with the other 
respiratory abnormalities that comprise brachycephalic syn¬ 
drome (i.e., elongated soft palate and everted laryngeal sac¬ 
cules). Other abnormalities that may cause upper respira¬ 
tory obstruction include ary epiglottic collapse, corniculate 
collapse, tracheal collapse, tracheal hypoplasia, laryngeal 
paralysis, masses obstructing the glottis, larynx, or trachea, 
and traumatic disruption of the airway. 


SURGICAL TECHNIQUES 


MEDICAL MANAGEMENT 


I 


Resection of a portion of the dorsolateral nasal cartilage may 
be performed to widen the nares (Fig. 30-7, C). Other tech¬ 
niques described include resection of horizontal or lateral 

tissue wedges. I 


A weight reduction program should be instituted for 
obese animals. Exercise restriction and elimination ot pre¬ 
cipitating causes may be beneficial when clinical signs are 
mild. Sedation (see Table 30-2), corticosteroids (see Table 
30-3), supplemental oxygen (see Table 30-11), and cooling 
may be necessary for moderate to severe respiratory 
distress, 
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FIG 30-7 


t B, The dorsolateral, ventrolateral, and 


A, Normal and stenotic appearance 

cartilages form the nostrils, C, To widen the nares, resect a portion of the 


accessory nasa 
dorsolateral nasal cartilages, 




tion or severe distress occurs. The surgical site should be 
cleaned and protected from the animal by using an Eliza¬ 
bethan collar if necessary. Slight hemorrhage may occur 
from the surgical sites. 


No. 1 1 scalpel blade. Make the 


around fhe forceps with a 
first incision medially and the second incision laterally. Re- 

the vertical wedge of tissue. Control hemorrhage with 


move 

pressure and by reopposing the cut edges. Align the ventral 
margin of the no res 

three or four simple interrupted sutures (e.g., using 3-0 
4*0 polydioxanone) to reappose the tissues . Repeat the pro¬ 
cedure on fhe opposite side f being careful to excise the same 


and mucocutaneous junction and place 


COMPLICATIONS 


or 


If the only abnormality the animal has is stenotic nares, 

e * 

complications are minimal Dehiscence may 
tient frequently licks or mbs its nose; healing then occurs by 

may cause a pink scar. Respiratory 
distress may persist if other areas of the airway are ob¬ 
structed. 


occur if the pa- 


* 


size tissue w, 


e, 


intention 


As an alternative, incisions can be made with an electro- 
surgical unit using a fine-tip incising blade. 




PROGNOSIS 


POSTOPERATIVE CARE 
AND ASSESSMENT 


r 


Animals with mild stenosis may do well without surgery; 
however, those with moderate or severe stenosis and other 
obstructive problems can develop severe respiratory distress. 
The prognosis after resection of stenotic nares in animals 
with brachycephalk syndrome is good if advanced laryngeal 
collapse is not present and the palate and saccules are 


Patients require constant monitoring during recovery from 
anesthesia (see p. 725). Nasal insufflation of oxygen (see 
Fable 30-11) m ay be ben efic ia L The a n i mal shoo Id rema i n 
intubated as long as possible; reintubation or placement of a 
tracheostomy tube may be necessary if respiratory obstruc- 


l 


b 


n 


























730 PART III 


Soft Tissue Surgery 


the airway during deglutition compromises ventilation. Ex¬ 
ercise intolerance, cyanosis, and collapse are common and 
may be worsened by excitement, stress, heat, and humidity. 
Restlessness during sleeping (sleep-disordered breathing) 
may be noted. 

Physical Examination Findings 

Pharyngeal and laryngeal auscultation reveals prominent 
snoring (stertor) that obscures other respiratory sounds. In¬ 
creased inspiratory effort may be apparent (i.e., retraction 
of lip commissures, open-mouth breathing or constant 
panting, forelimb abduction, exaggerated use of abdominal 
muscles, paradoxical movement of the thorax and ab¬ 
domen, recruitment of accessory respiratory muscles, in¬ 
ward collapse of the intercostal spaces and thoracic inlet, 

and orthopneic posture). Animals may be hyperthermic 

(see also p, 716). 

It is difficult to visualize the oropharynx and larynx in 
brachycephalic animals because their tongues are thick, 
and restraint may accentuate respiratory distress. Sedation 
or general anesthesia usually is necessary (see p. 717 for 
anesthesia for laryngeal examination). An elongated soft 
palate overlies the epiglottis by more than a few millimeters 
(i.e., often more than 1 cm). Dors ally displacing the soft 
palate improves visualization of the arytenoid cartilages. 
The soft palate often is thickened and has a roughened, in¬ 
flamed tip. The arytenoids frequently are inflamed and 
edematous. 


concurrently resected. Most animals have reduced inspira 
tory effort and increased exercise tolerance after surgery. 

Suggested reading 


Hendricks 1C: Brachycephalic airway syndrome. Vet Clin North Am 
Small Anim Tract 22:1145,1992, 

Hobson HP: Brachycephalic syndrome, Semin Vet Med Surg (Small 
Anim) 10:109, 1995. 

Lorinson D, White HAS: Brachycephalic airway obstruction syn¬ 
drome: a review of \ 18 cases, Canine Tract 22:18, 1997. 

Wykes PM: Brachycephalic airway obstructive syndrome, Probl Vet 
Med (Head Neck Surg) 3:188,1991. 


ELONGATED SOFT PALATE 


DEFINITION 


An elongated soft palate is one that extends more than 1 to 
3 mm caudal to the tip of the epiglottis. 


SYNONYM 


Soft palate dongation 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Elongated soft palate is the most commonly diagnosed res¬ 
piratory problem in brachycephalic dogs (see Table 30-1). In 
addition to stenotic nares and laryngeal saccule eversion (see 
p. 732), it is part of the brachycephalic syndrome (see p. 727) 
The elongated soft palate, a congenital abnormality, is pulled 
caudally during inspiration, obstructing the dorsal aspect of 
the glottis. It is sometimes sucked between the corniculate 
processes of the arytenoid cartilages, which increases inspi¬ 
ratory effort and causes more turbulent airflow. The laryn¬ 
geal mucosa becomes inflamed and edematous, further nar¬ 
rowing the airway. The tip of the soft palate is blown into the 
nasopharynx during expiration. Affected dogs may have 
trouble swallowing because normal occlusion of the airway 
during deglutition compromises ventilation. Dysfunctional 
swallowing may result in aspiration pneumonia. 


Radiography 

Thoracic radiographs are needed to rule out concurrent dis¬ 
eases (i.e., hypoplastic trachea, cardiomegaly, pneumonia), 
Pharyngeal radiographs may show an abnormally long, 

thickened soft palate but usually are unnecessary. 

Laboratory Findings 

Laboratory abnormalities are uncommon (see also p. 728), 


DIFFERENTIAL DIAGNOSIS 


Concurrent abnormalities often are present (e.g,, stenotic 
nares, laryngeal saccule eversion, aryepiglottic collapse, cor- 
niculate collapse, tracheal collapse). Concurrent tracheal hy¬ 
poplasia (see p. 740) usually is diagnosed at a young age. 
Other causes of upper respiratory obstruction may include 
laryngeal paralysis, masses obstructing the glottis, larynx,or 
trachea, and traumatic disruption of the airway. 


DIAGNOSIS 

Clinical Presentation 

Signalment. Elongated soft palate is uncommon except 
in brachycephalic breeds, especially English bulldogs, Boston 
terriers, pugs, and Pekingese. Cavalier King Charles spaniels 
commonly have an elongated soft palate. The condition, 
which can affect either gender, is present at birth, but many 
affected animals are not presented for evaluation until 2 or 3 
years of age. Older animals often have concurrent, advanced 
laryngeal collapse (see p* 734). 

History. Patients with upper airway obstruction typi¬ 
cally have a history of noisy (stridulous), difficult breathing 
(especially inspiratory). Some may retch or gag phlegm be¬ 
cause they have trouble swallowing if normal occlusion of 


I 


MEDICAL MANAGEMENT 


t 


Medical therapy is recommended to alleviate acute respira¬ 
tory distress. A weight reduction program should be insti¬ 
tuted for obese animals. Exercise restriction and elimination 
of precipitating causes may be beneficial when clinical signs 
are mild. Sedation (see Table 30-2), corticosteroids (see 
Table 30-5), supplemental oxygen (see Table 30-11), and 

cooling may be necessary if the animal has moderate to se¬ 
vere respiratory distress. Prolonged medical therapy may al¬ 
low progression of degenerative changes. 
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SURGICAL TREATMENT 


Resection of elongated soft palates is best performed when 
the animal is young (i.e., 4 to 24 months old), before laryn¬ 
geal cartilages degenerate and collapse* 


Preoperative Management 

Pretreatment with antiinflammatory doses of corticosteroids 
may reduce laryngeal swelling and postoperative obstruction 
(see Table 30-5)* The oral cavity should be gently lavaged with 
dilute antiseptic solutions, and sponges should be placed 
around the endotracheal tube at tile glottis to prevent fluids 
from entering the airway. To prevent irritation and edema, the 
mucosal surfaces should not be scrubbed, A tracheostomy tube 
maybe placed before surgery; however, this usually is unneces¬ 
sary unless other oral procedures are being done concurrently. 

Anesthesia 

Anesthesia of animals with br achy cephalic syndrome is de¬ 
scribed on p. 728. General anesthetic recommendations for 
an imal s with upp e r re s p i ra to r y disc a sc a re gi ven on p. 718. 

Surgical Anatomy 

The soft palate is a fleshy piece of tissue extending from the 
hard palate to the tip of the epiglottis that separates the 
oropharynx from the nasopharynx The palatine muscle, which 
is covered by mucosa and innervated by the pharyngeal plexus 
:cranial nerves IX and X), shortens the soft palate during con¬ 
traction. Palatine glands keep the mucosa moist. Blood supply 
is via the palatine vessel (see p. 275), The epiglottis is a curved, 
triangular cartilage at the entrance to the larynx. The apex of 
the epiglottis points to the oropharynx and lies just dorsal to 
the soft palate. The lingual aspect of the base of the epiglottis is 
attached lo the basihyoid bone. Mucosa attaches the lateral as¬ 
pects of the epiglottis to the cuneiform process of the arytenoid 
cartilage, forming the aryepiglottic fold (see Fig. 30-1), The 
epiglottis attaches to the body of the thyroid cartilage. 

The end of the soft palate just covers the tip of the 
epiglottis in a normal dog. ft generally extends no farther 
than the mid to caudal aspect of the tonsillar crypt. The dis- 
tat end in a normal dog is concave; however, the distal end of 
aa elongated soft palate frequently is sucked into the larynx, 
giving it a more pointed or pinched appearance. 

Positioning 

The patient is positioned in sternal recumbency with the 
mouth fully open. The maxilla should be suspended from a 
bar positioned several feet above the operating table and the 
mandible secured ventrally with tape. T he chin should not 
be allowed to rest on the table or pads. For maximum visu¬ 
alization, the cheeks should be retracted laterally and the 
tongue pulled rostrally (Fig. 30-8), 


FIG 30*8 

For resection of an elongated soft palate, position the patient 
In ventral recumbency with the maxilla suspended and the 
mouth widely open. 


FIG 30-9 

To shorten the soft palate, place stay sutures at the proposed 
site of resection. Transect one third of the palate, then 
appose the mucosa with sutures. Continue alternating 
excision and suturing until the resection is complete. 

sure. The caudal margin of the soft palate should be short¬ 
ened so that it contacts the tip of the epiglottis and when 
pushed dorsaily contacts the roof of the nasopharynx. Re¬ 
section of too little soft palate does not optimally relieve res¬ 
piratory distress, whereas resection of too much soft palate 
results in nasal regurgitation, rhinitis, and sinusitis. 

Visually mark the site of proposed resection using the tip of 
the epiglottis and the caudal or midpoint of the tonsils as 
landmarks. Handle the so ft palate gently and as little as pos¬ 
sible to avoid excessive mucosal swelling. Grasp the tip of the 
soft palate with thumb forceps or Allis tissue forceps . Place 
stay sutures at the proposed site of resection on the right and 
left borders of the palate. Place hemostats on these sutures 
and have an assistant apply lateral traction. Transect across 
one third to one half the width of the soft palate with curved 
Metzenbaum scissors. Begin a simple continuous suture pat¬ 
tern i (4-0 polydioxanone or poliglecaprone 25 suture} at the 
border of the palate , apposing the oropharyngeal and na¬ 
sopharyngeal mucosa (Fig. 30-9f Continue transecting and 
suturing until the excess palate has been resected. 




SURGICAL TECHNIQUE 


Resection may be done with scissors, carbon dioxide laser, or 
electrosurgery, although electro surgery may increase post- 
■ ' pe ra' i ve swe Ring. He m o r rh age g enera lly is mild to m o d er - 
k after resection and can be controlled with gentle pres- 


d 
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PART III Soft Tissue Surgery 


POSTOPERATIVE CARE 
AND ASSESSMENT 


These patients should be closely monitored for respiratory 
distress postoperatively. Reduced respiratory noise is noted 
postoperatively in animals without advanced laryngeal col¬ 
lapse. Bxtubation should be delayed as long as possible, and 
the animal should be kept quiet. Oxygen may be administered 
by nasal insufflation (see Table 30-11). If severe dyspnea oc¬ 
curs, a tracheostomy tube should be placed (see p, 720). Cor¬ 
ticosteroids may be administered postoperatively if swelling is 
severe and respiratory obstruction persists. Intravenous fluids 
should be maintained until oral intake resumes. Hospital ob¬ 
servation is recommended for 24 to 72 hours after surgery. Ex¬ 
cessive mucosal swelling may cause asphyxiation. Postopera¬ 
tive coughing and gagging are common. Water may be offered 
when the animal is fully recovered from anesthesia (6 to 12 
hours postoperatively); however, food should be withheld for 
18 to 24 hours (see p. 725). Offering food soon after surgery 
may traumatize swollen tissues, causing swelling, airway ob¬ 
struction, or aspiration, or all of these. 


PROGNOSIS 


FIG 


The prognosis without surgery is poor, because laryngeal 
collapse and respiratory distress will worsen. The prognosis 
is good for young patients in which elongated soft palate is 
the primary problem; they breathe with less distress imme¬ 
diately after surgery. Older animals frequently do not re¬ 
spond as well because their laryngeal cartilages have begun 
to collapse. If advanced laryngeal collapse has developed, the 
prognosis is poor unless additional surgery is performed. 


soft palate. 


the laryngeal saccules is the first stage of laryngeal collapse 
Increased airflow resistance and increased negative pressure 
generated to move air past obstructed areas (stenotic nares, 
dorsal glottis) pull the saccules from their crypts, causing 
them to swell. Once everted, the saccules are continuously ir¬ 
ritated by turbulent airflow and become increasingly edema¬ 
tous, They obstruct the ventral aspect of the glottis and fur¬ 
ther inhibit airflow (Fig, 30-10), It may be difficult for an 
inexperienced examiner to differentiate everted laryngeal 
saccules from the vocal folds because of their close proximity 
Everted saccules partly or completely obscure the vocal foies, 

DIAGNOSIS 

Clinical Presentation , 

Signalment* Brachycephallc dogs are most commoni 
diagnosed with everted laryngeal saccules; however, chronic 
barking may cause laryngeal saccule eversion in other 
breeds. Most brachycephallc dogs with laryngeal saccule 
eversion are diagnosed between 2 and 3 years of age, al¬ 
though it may occur at any age. I 

History. Affected animals have a history of stridulous 
breathing and respiratory distress, as described for animals 
with stenotic nares (see p. 727) and elongated soft palate 1'sec 
p. 730). The stridor is most prominent during inspiration, 

Physical Examination Findings 

I he animal may have mild to severe dyspnea. Increased 
inspiratory effort may be evident (i,e„ retraction of lip com- j 
missures, open-mouth breathing or constant panting, fore¬ 
limb abduction, exaggerated use of abdominal muscles, par- 


Suggested reading 


Clark GN, Sinibaldi KR: Use of a carbon dioxide laser for treatment of 
e longated so ft pala te in do gs, j At n Vet Med Assoc 204: 1779, 1994 , 
Hobson HP: Brachycephalic syndrome, Semin Vet Med Surg (Small 
Anim) 10:109,1995. 

Lor ins on D, White RAS: Brachycephalic airway obstruction syn¬ 
drome: a review of 118 cases, Canine Bract 22:18, 1997. 


EVERTED LARYNGEAL SACCULES 


DEFINITION 


Prolapse of the mucosa lining the laryngeal crypts is known 

as eversion of the laryngeal saccules. 


SYNONYMS 


Laryngeal saccule eversion, laryngeal ventricle eversion, stage I 
laryngeal collapse 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Laryngeal saccule eversion is a component of brachycephalic 
syndrome (see p. 727); however, it is diagnosed less often 
than either elongated soft palate or stenotic nares. Eversion of 


I 
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Everted 

laryngeal 

saccules 


adoxical movement of the thorax and abdomen, recruitment 
of accessory respiratory muscles, inward collapse of the in¬ 
tercostal spaces and thoracic inlet, and orthopneic posture; 
see also p. 728). 

General anesthesia is necessary to evaluate the larynx (see 
p. 717 for general anesthesia during a laryngeal examina¬ 
tion). When the saccules are everted, they cannot be visual¬ 
ized in their normal position between the vocal folds and the 
ventricular folds. Acutely everted saccules are whitish and 
glistening (see Fig. 30-10). Chronically everted saccules are 
pink and fleshy. Soft palate elongation may make it difficult 
to visualize and thoroughly evaluate the laryngeal saccules. 




Radiography 


Laryngeal saccule eversion is not diagnosed radiographically 
Thoracic radiographs should be evaluated for evidence of 
cardiac or pulmonary abnormalities or concurrent disease 
{e.g., hypoplastic trachea, tracheal collapse, pneumonia). 


Laboratory Findings 

Laboratory abnormalities are uncommon (see also p. 728). 


FIG 30*1 1 

To remove everted laryngeal saccules, grasp the protruding 
saccule and resect it with Metzenbaum scissors. 


DIFFERENTIAL DIAGNOSIS 




Stenotic mires and an elongated soft palate usually are present 
in animals with laryngeal saccule eversion. Advanced laryn¬ 
geal collapse, laryngeal paralysis, tracheal collapse, and na¬ 
sopharyngeal, laryngeal, or tracheal masses must he ruled out. 


General anesthetic recommendations for animals with up¬ 
per respiratory disease are given on p. 717. 

Surgical Anatomy 

The laryngeal saccule is a slight dorsoventral depression be¬ 
tween the vestibular and the vocal folds (see Fig. 30-1). The 
everted saccules lie just rostral to the vocal folds and should 
not be mistaken lor the vocal cords. The surgical anatomy of 
the larynx is provided on p, 719. 

Positioning 

The patient is positioned in sternal recumbency with the 
mouth fully open. The maxilla should be suspended from a 
bar positioned several feet above the surgery table and the 
mandible secured vent rally with tape. The chin should not 
be allowed to rest on the table or pads. For maximal visuali¬ 
zation, the cheeks should be retracted laterally and the 
to n gue ptilled ros t ral ly (see F ig. 30-8). 


MEDICAL MANAGEMENT 


Medical therapy is recommended to alleviate acute respira¬ 
tor}'distress. A weight reduction program should be insti¬ 
tuted in obese animals. Exercise restriction and elimination 
of precipitating causes may be beneficial when clinical signs 
are mild. Sedation (see Table 30-2), corticosteroids (see 
Table 30-5), supplemental oxygen (see Table 30-11), and 
cooling maybe necessary if the animal has signs of moder¬ 
ate to severe respiratory distress. Prolonged medical therapy 
may allow progression of degenerative changes. 






SURGICAL TREATMENT 


Everted laryngeal saccules should be treated at the same time 
the stenotic nares and soft palate elongation are corrected 

(see pp. 727 and 730), 


SURGICAL TECHNIQUE 


Preoperative Management 

These patients should be monitored continuously before 
surgery, because the respiratory distress may worsen. 

Anesthesia 

An antiinflammatory dose of corticosteroids should be given 
before induction of anesthesia (see Table 30-3). 11 the endo¬ 
tracheal tube obscures visualization of the saccules, a smaller 
tube may he used or the tube may be placed via a tra¬ 
cheotomy (see p. 720). As an alternative, these patients can 
be maintained on injectable anesthetics (e.g., propofol, thio- 
barbiturates, diazepam plus ketamine). Anesthesia of ani¬ 
mals with brachycephalic syndrome is described on p. 728. 


Retract the endotracheal fube dorsomedblly so that the sac- 
c u le on ones ide can be better vis ua I ized . G rasp th e everted 
saccule with long-handled forceps or a tissue hook . Position 
the tip of o long-handled, curved Me teen bourn scissors at the 

base of the everted tissue and transect (Fig. 30-1 1). Biopsy 

forceps or 

hemorrhage with gentle pressure . Repeat the procedure on 
the opposite side. Handle the tissues gently. 




laryngeal cup forceps may also be used, Control 


Excessive manipulation can cause obstructive edema 
postoperatively. Use extreme care if laser or electro surgical 
excision is utilized. 
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PART III 


POSTOPERATIVE CARE 


p* 732); stage 2 collapse is medial deviation of the cuneiform 


AND ASSESSMENT 


cartilage and aryepiglottic fold, or aryepiglottic collapse; 


stage 3 collapse is medial deviation of the corniculate process 


These patients should be closely monitored for respiratory 


distress after surgery (see pp. 723 and 732). Mild hemor 


of the arytenoid cartilages, or corniculate collapse. Stages 2 


and 3 are advanced stages of laryngeal collapse* 


rbage from the resection sites may lead to coughing, gagging. 


The diagnosis of laryngeal collapse that occurs concur- 


and hematemesis. Postoperative swelling and edema may 


rently with other upper respiratory abnormalities (i.e., don- 


cause severe laryngeal obstruction, requiring temporary tra- 


gated soft palate [see p. 730), stenotic nares [see p* 727]) is 


cheostomy {see p* 720). 


easily overlooked on oral examination. If the response lo 


PROGNOSIS 


treatment is less than expected after appropriate surgery for 


these abnormalities, laryngeal collapse may be present. 


Acute episodes of respiratory distress may be adequately 


managed with medical therapy alone. However, chronic 


DIAGNOSIS 


medical management often allows advanced laryngeal col 


Clinical Presentation 


lapse to develop as a result of cartilage degeneration. Partial 


Signaiment. Animals with brachyeephalic syndrome 


resection of the laryngeal saccules (in addition to the nares 


(see p. 727) or laryngeal paralysis (see p* 735) are predis¬ 


and soft palate when indicated) should relieve moderate to 


posed to laryngeal collapse* Advanced laryngeal collapse 


signs of respiratory distress in patients that do not 


s eve re 


usually occurs in animals greater than 2 years of age; how- 


have advanced laryngeal collapse. Animals breathe with less 


ever, it may be seen in younger animals with severe upper 


effort and noise and are more tolerant of exercise and ex- 


a i rway o bs t rue t i o n. 


citernent after surgery. 


History. Inspiratory stridor, stertor, and other signs of 


Suggested reading 


upper airway obstruction have usually been present in af¬ 


fected animals for years but may have gradually or acutely 


Hobson HP: Brachyeephalic syndrome, Semin Vef Med Surg (Small 


worsened. Laryngeal collapse should be suspected in patients 


Anim) 10:109, 1993, 


that had responded well to surgery for upper airway oh 


Lorinson D, White RAS: Brachyeephalic airway obstruction syli¬ 


st ruction but later relapsed with moderate to severe respira- 


drome: a review of 118 cases. Canine Tract 22:18, 1997. 


lory distress 


Physical Examination Findings 


LARYNGEAL COLLAPSE 


Stridulous, labored breathing is the most consistent finding. 


Animals with advanced laryngeal collapse (stage 2 or stage 3) 


DEFINITION 


usually have moderate to severe respiratory distress (i.e., re¬ 


traction of lip commissures, open- mouth breathing or con- 


Laryngeal collapse is a form of upper airway obstruction 


stant panting, forelimb abduction, exaggerated use of ab- 


cau se d by lo ss of ca rt i 1 age r ig i d ity that allows medial de vi a 


dominai muscles, paradoxical movement of the thorax and 


tion of the laryngeal cartilages* 


abdomen, recruitment of accessory respiratory muscles, in- 


SYNONYMS 


ward collapse of the intercostal spaces and thoracic inlet, and 


Aryepiglottic collapse (stage 2 laryngeal collapse), corniculate 


orthopneic posture). See also p. 728* 


Laryngeal evaluation requires general anesthesia (see 


collapse (stage 3 laryngeal collapse) 


p. 717 for general anesthesia during laryngeal examination), 


GENERAL CONSIDERATIONS 


Patients with laryngeal collapse have a reduced glottic lumen 


AND CLINICALLY RELEVANT 


aperture. Stage 1 laryngeal collapse (lateral saccule eversion) 


PATHOPHYSIOLOGY 


is recognized as prolapsed, edematous mucosa just rostral 


to the vocal cords at the ventral aspect of the glottis (see 


Laryngeal collapse occurs secondary to chronic upper airway 


p. 733). Stage 2 laryngeal collapse is present when one or 


obstruction or trauma. Trauma may fracture or disrupt the la- 


both aryepiglottic folds are deviated medially and obstruct 


ryngeal cartilages and allow medial collapse. Laryngeal collapse 


the ventral aspect of the glottis. Stage 3 laryngeal collapse oc- 


most often is caused by chronic upper airway obstruction and 


curs when the corniculate processes of the arytenoid carti- 


cartiiage fatigue or degeneration. The obstruction causes in 


lages deviate medially from their normal paramedian post 


creased airway resistance, increased negative intraglottie lumi- 


tion and are not adequately abducted during inspiration, 


nal pressure, and increased air velocity. These forces displace 


I he cartilages often have a flaccid appearance. 


laryngeal structures medially, with permanent cartilage defor¬ 


mation, and also fatigue the cartilages* Increased inspiratory ef- 


Radiography 


fort irritates the mucosa, causing inflammation and edema. 


The thorax and neck should be evaluated for evidence of 


This further obstructs the airway, causing more airflow resist- 


concurrent abnormalities (see p, 746)* A lateral radiograph 


a nee and increasing the effort of breathing. 


of the pharynx may show cartilage ossification, cartilage 


Laryngeal collapse is described in three stages. Stage 1 


is 


fracture, or neoplasia. 


commonly referred to as laryngeal saccule eversion (see 














735 


Surgery of the Upper Respiratory System 


Chapter 30 


Laboratory Findings 

Hematologic and serum biochemistry findings usually are 

normal (see also p. 728). 


SURGICAL TECHNIQUE 


Aryepiglottic fold resection is accomplished through an oral 

approach. It is performed unilaterally in conjunction with 
resection of the nares, soft palate, and everted laryngeal 
saccules. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include laryngeal or tracheal obstruc¬ 
tion caused by masses, paralysis, everted laryngeal saccules, 
elongated soft palate, and stenotic nares. 


Grasp and stabilize the fold with forceps. Then transect the 
fold and cuneiform process with Mayo scissors or uterine 
biopsy forceps . Allow second intention healing , 


MEDICAL MANAGEMENT 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Medical therapy is recommended to alleviate acute respira¬ 
tory distress. A weight reduction program should be insti¬ 
tuted if the animal is obese. Exercise restriction and elimina¬ 
tion of precipitating causes may be beneficial when clinical 
signs are mild. Sedation (see 'fable 30-2), corticosteroids (see 

Table 30-5), supplemental oxygen (see Table 30-11), and 
cooling may be necessary if the animal has signs of moder¬ 
ate to severe respiratory distress. Prolonged medical therapy 
m ay allow p rog ress ion o f d ege n e rat i ve eft a n ges. 


These patients should be monitored continuously during 
anesth ak recovery for signs of airway obstruction. Patients 
with advanced laryngeal collapse may develop acute respira¬ 
tory obstruction after surgery. Trachea stomas should be 
managed as described on p. 726 to prevent occlusion of the 
stoma with mucus. 


PROGNOSIS 


SURGICAL TREATMENT 


Moderate to severe respiratory distress will persist without 
surgical intervention. Acute inflammation may cause 
cyanosis, collapse, and respiratory arrest. The prognosis lor 
improvement with grade 3 laryngeal collapse after surgery is 
poor if resection of the nares, soft palate, and laryngeal sac¬ 
cules is done but may be fair to good in animals with stage 2 
collapse. The prognosis in advanced laryngeal collapse (stage 
2 or stage 3) is fair to good with concurrent permanent tra¬ 
cheostomy. 


In patterns in stable condition, the first step in treatment of 
laryngeal collapse is to treat concurrent abnormalities (e.g., 
resection of stenotic nares [see p. 727], elongated soft palate 
[see p. 730], and everted laryngeal saccules [see p. 732]). Re¬ 
section of the aryepiglottic fold (see p. 738) may be per¬ 
formed in patients with mild to moderate stage 2 laryngeal 
collapse. Permanent tracheostomy (see p, 720) is recom¬ 
mended for patients with advanced laryngeal collapse and 
moderate to severe respiratory distress that do not or are not 
expected to respond to resection. Partial laryngectomy or 
lateralization procedures are seldom beneficial, because the 

weakened cartilages generally continue to collapse medially 




Suggested reading 

Harvey CE: Upper airway obstruction surgery. IV. Partial laryngec¬ 
tomy in b rachyceph alic dogs. / Am Anim Hasp Assoc 18:548, 
1982. 


Preoperative Management 

TI les e pa tie nts should be stab i 1 i zed be fo re s u rge ry (se e ah o ve 
under Medical Management) and observed closely for 
worsening dyspnea. Pretreatment with corticosteroids (see 
Table 30-5) is indicated for aryepiglottic fold resection (see 

below) L 

Anesthesia 

Anesthesia of animals with brachycephaiic syndrome is de- 
scribed on p. 728. Genera! anesthetic recommendations for 

animals with upper respiratory disease are given on p. 717. 
Recommended anesthetics for laryngeal examination are 

discussed on p. 717. 

Surgical Anatomy 

. he surgical anatomy of the larynx is discussed on p. 719. 

Positioning 

For resection of the soft palate, laryngeal saccules, and 
aryepiglottic fold, the animal should be positioned in sternal 
recumbency with the maxilla suspended and the mouth 
widely open. Permanent t racheostomy is performed with the 
animal in dorsal recumbency (see p. 720). 


LARYNGEAL PARALYSIS 


DEFINITION 


Laryngeal paralysis is complete or partial failure of the ary¬ 
tenoid cartilages and vocal folds to abduct during inspiration. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


t 


Laryngeal paralysis causes upper respiratory obstruction 
and mild to severe dyspnea. It occurs because of dysfunction 

of the laryngeal muscles, recurrent laryngeal or vagus nerves, 
or cricoarytenoid ankylosis; acquired or congenital neuro¬ 
logic causes are most common. The intrinsic laryngeal ab- 
d u ctor and ad du ct or m us c l es a re i n n e r va ted by t h e re c ur rent 
laryngeal nerves (see p. 719). Subsequent atrophy of the 
cricoarytertoideus dorsalis muscle causes the cartilages to re~ 
main in a paramedian position during inspiration, prevent¬ 
ing maximal air intake and increasing airflow resistance. The 
narrowed rima glottis increases resistance to airflow and 


>f 


h 
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creates turbulence, which gives rise to laryngeal stridor* To 
maintain the same flow rate through the paralyzed larynx as 
the remainder of the respiratory tract, the speed of airflow 
through the larynx must increase. Consequently intraglottk 
pressure drops, and the arytenoid cartilages and vocal cords 
are sucked in medially further increasing laryngeal obstruc¬ 
tion. Ineffective laryngeal adduction and closure during 
swallowing predispose the patient to aspiration of food and 
secretions, resulting in subsequent aspiration pneumonia. 

Congenital, inherited laryngeal paralysis occurs in the 
Bouvier de$ Flandres, bull terrier* Siberian husky and dal- 
matian breeds. Laryngeal paralysis in bouviers is due to de¬ 
generation of the nucleus ambiguus. Polyneuropathy associ¬ 
ated with dying-back of peripheral nerves causes laryngeal 
paralysis in dalmatians. Acquired laryngeal paralysis usually 
is idiopathic but may occur secondary to trauma or disease 
(e.g., polyneuropathy myopathy Chagas’ disease [try¬ 
panosomiasis], hypothyroidism, neoplasia), or it may he ia¬ 
trogenic after surgery. It affects one or both sides of the lar¬ 
ynx; however, unilateral paralysis often is asymptomatic. 

DIAGNOSIS 

Clinical Presentation 

Signal merit. Clinical signs of laryngeal paralysis are 
more common in large-breed dogs than small-breed clogs. 
Males are affected two to four rimes more often than fe¬ 
males. Acquired idiopathic laryngeal paralysis is most com¬ 
mon in middle-aged or older Labrador retrievers, Afghan 
hounds, and Irish setters (mean age, 9V 2 years; range, 4 to 13 
years). Laryngeal paralysis should be suspected in young 
(less than 1 year of age) bouviers, Siberian huskies, bull ter¬ 
riers, or dalmatians with upper airway obstruction (see 
above). Laryngeal paralysis in cats is uncommon and has no 
breed or gender predilection (Schachter, Norris, 2000). 

History. Laryngeal paralysis frequently causes progres¬ 
sive inspiratory stridor, voice change, and exercise intoler¬ 
ance. These animals may also have increased stridor, dysp¬ 
nea, cyanosis, coughing, gagging, vomiting, restlessness, and 
anxiety Some animals are asymptomatic at rest. Obesity, ex¬ 
ercise, excitement, and high ambient temperatures may ex¬ 
acerbate the clinical signs. Laryngeal paralysis occurs in ap¬ 
proximately one third of dogs with tracheal collapse* All 
animals with laryngeal paralysis are at risk for inhalation 
pneumonia from aspiration of food and saliva. 

Physical Examination Findings 

Physical examination findings are nonspecific for laryngeal 
paralysis, i he animal may have labored breathing and 
tinuous panting, and some are hyperthermic* Patients with 
acquired laryngeal paralysis may have other neurologic signs 
and evidence of muscle wasting and weakness. Neurologic 
examinations should be performed to detect concurrent 
abnormalities. 

Evaluation of laryngeal function requires light, general 
anesthesia (e.g., propofol, diazepam plus ketamine; see 
p. 717). Intubation should be delayed until the larynx has 
been examined, because placement of the endotracheal tube 


ABLE 30-14 


Tensilon Test 


Edrophonium Chloride (Tensilon)* 

Dogs; 0,1-0.2 mg/kg, IV 
Cats: 2,5 mg /cat, IV 


Use with caution . 


often obscures visualization. In affected dogs, the laryngeal 
cartilages are located in a paramedian position and do not 
abduct during inspiration. Fluttering of the vocal folds and 
arytenoid cartilages during turbulent airflow must not be 
mistaken for purposeful abduction* Paradoxical vocal fold 
movement may occur and may be confused with normal 
movement; however, a normal larynx maximally abducts 
during inspiration, not expiration. 


Radiography 


Lateral cervical and thoracic radiographs should be evalu¬ 
ated for abnormalities to rule out other causes of abnormal 
respiratory noises and dyspnea* Postobstruction pulmonary 

may occur in dogs and can be recognized on thoracic 
films. Laryngeal paralysis cannot be diagnosed radiographi¬ 
cally. Animals with laryngeal paralysis are at risk for inhala¬ 
tion pneumonia. 


Laboratory Findings 

Hematologic and serum biochemistry findings usually are 
normal (see p. 728). Denervation of the laryngeal muscles 
(dorsal cricoarytenoid, ventricular, and thyroarytenoid) 
can be diagnosed during electromyography using bipolar 
concentric needle electrodes. Nerve conduction studies 
help rule out generalized neuromuscular disease. Tidal 
breathing flow volume loops show a reduction in the inspi¬ 
ratory flow rate. Histopathologic and histochemistry tests 
confirm neurogenic laryngeal muscle atrophy. Hypothy- 

p, 516) should be excluded by evaluating the 
levels of serum free thyroxine ( T. t ) and endogenous canine 
thyroid-stimulating hormone (cTSH). Acquired myasthe¬ 
nia gravis can he diagnosed by the demonstration of circu¬ 
lating antibodies to acetylcholine receptors. As an alter¬ 
native, clinical signs and response to a cholinesterase 
inhibitor may help diagnose myasthenia. Intravenous ad¬ 
ministration of edrophonium chloride should elicit a dra¬ 
matic but transient improvement in voluntary muscle 
function (Tabic 30-14). However, the clinician must be 
aware ol possible complications associated with the use of 
edrophonium (e.g., possible paralysis) and must be pre¬ 
pared to deal with them. I 


con- 


DIFFERENTIAL DIAGNOSIS 


Other upper respiratory obstructions must be ruled our 
(e.g*, b rachycephal ic syndrome, laryngeal collapse, tracheal 
collapse, and masses or trauma involving the upper airway 1, 
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Surgical Anatomy 

The cricoarytenoideus dorsalis is the abductor muscle of the 
larynx. It extends from the muscular process of the arytenoid 
cartilage in a dorsomedial direction to the cricoid cartilage. 
The surgical anatomy of the larynx is described on p. 719. 

Positioning 

For arytenoid cartilage lateralization, the animal should be 
positioned in lateral or dorsal recumbency with the neck 
over a rolled towel and rotated to elevate the ipsilateral 
mandible. The head is stabilized by taping it to the table. For 
partial laryngectomy via an oral approach, the patient is po¬ 
sitioned in sternal recumbency with the head suspended by 
the maxilla and the mandible held open by an assistant or 

ventral ap¬ 
proach, the animal should be positioned in dorsal recum¬ 
bency with the head extended and secured to the operating 
table. For arytenoid cartilage lateralization and partial laryn¬ 
gectomy via a ventral 1 aryn goto my, the entire cervical area 
should be clipped and prepared for aseptic surgery. 

SURGICAL TECHNIQUES 

Unilateral Arytenoid Lateralization 

Make a skin incision just ventral to the jugular vein , beginning 
at the caudal angle of the mandible and extending over 
do rsolatera I a spec t of the larynx to 1 to 2 cm ca udal to the lar¬ 
ynx {Fig . 30-12 , Aj. Incise and retract the subcutaneous tis¬ 
sues, platysma , and parotidoouricularis muscles. Retract the 
s fernocephalicus muscle and jugular vein dor sally and the 
sternohyoid muscle ventrolly to expose the laryngeal area. 
Palpate the dorsal margin of the thyroid cartilage. Incise the 
ropharyngeus muscle along the dorsolaterol morgin of the 
thyroid cartilage lamina , Place a stay suture through the thy¬ 
roid cartilage lamina to retract and rotate the larynx laterally 
Identify the cricoarytenoideus dorsalis muscle, Disarticulate 
the cricothyroid articulation with a No. 1 1 blade or scissors 

(Fig. 30-12 1 B). Palpate , identify and disarticulate the 

cricoarytenoid articulation at the muscular process. Using 
curved Metzenbaum scissorstransect the sesamoid band (in¬ 
terarytenoid ligament} between the two corn leu I ate processes f 
taking care not to penetrate the laryngeal mucosa. Place a 
polypropylen e so fare {2-0 to 2) th ro ugh the m oscular p recess 
of the arytenoid cartilage and the caudal one 
cricoid cartilage near the dorsal midline to mimic the direction 

of the cricoarytenoid muscle (Fig. 30-12, Cf As an alterna¬ 
tive, place the suture through the muscular process and the 
most caudodorsal aspect of the thyroid cartilage. Muscular 
p races s * to -thyroid cartilage sutures tend to pull the arytenoid 

laterally whereas muscular process-to-cricoid cartilage su¬ 
tures tend to rotate the arytenoid laterally Tie the suture with 
enough tension to abduct the arytenoid cartilage moderately 
Hove an assistant verify abduction by intraoral visualization of 
the larynx. If adduction is insufficient, the suture can be repo¬ 
sitioned to achieve better abduction. Lavage the surgical site. 
Appose the thyropharyngeus muscle in a cruciate or 
continuous pattern with 3-0 polydioxanone suture. Appose 
the subcutaneous tissues and skin routinely. 


MEDICAL MANAGEMENT 


Animals with asymptomatic laryngeal paralysis often require 
no treatment if they maintain a sedentary lifestyle and avoid 
excess weight gain and stress. Small dogs are more success¬ 
fully managed with medical therapy than large dogs. Medical 
therapy is recommended to alleviate acute respiratory dis¬ 
tress. A weight reduction program should be instituted tor 
obese animals. Exercise restriction and elimination of pre¬ 
cipitating causes may be beneficial when clinical signs are 
mild. Sedation (see Table 30-2), corticosteroids (see Table 
30-5), supplemental oxygen (see Table 30-11), and cooling 
may be necessary if the animal has signs of moderate to se¬ 
vere respiratory distress. Affected animals should be main¬ 
tained in a quiet, nonstressful environment. 


taped to the table. For partial 


SURGICAL TREATMENT 


for patients with 3aryn- 


Surgical treatment is recommended 
geal paralysis that have moderate to severe signs of respira¬ 
tory distress. The goal of treatment is to enlarge the glottis 
without exaggerating aspiration of food or saliva. Many 
surgical techniques have been described to treat laryngeal 
paralysis, including partial laryngectomy, lateralization, 
castellated laryiigo fissures, and muscle-nerve pedicle trans¬ 
position. Vocal fold excision (ventriculocordectomy; 
p. 723 ) enlarges the ventral aspect of the glottis, is effective 
in mild to moderate cases, and is relatively easy to perform. 
However, glottic stenosis occurs in approximately 20% of 
the cases and is difficult to treat successfully (Holt, Harvey, 
1994). Partial arytenoidectomy (corniculate process) en¬ 
larges the dorsal aspect of the glottis. Its success depends on 
th e skill of th e s u rgcon .Serious co mplicati on s an d d ea th o c - 
cur in as many as 50% of cases after partial arytenoidectomy 
(Ross et aL 1991, Trout et aL, 3 994). The modified caste!- 


) 


lated laryngofissure technique is a combination of vocal fold 
excision, lateralization, and laryngofissure creation to en¬ 
large the glottis. This technique is effective but technically 

difficult. Muscle-nerve pedicle transposition can successfully 
re innervate the larynx and improve function, but the process 
lakes 5 to 11 months before clinical improvement is seen. 
Arytenoid lateralization is recommended, because it gives 
consistently good results with few complications. 
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Preoperative Management 

These patients should be observed closely before surgery for 
progressive respiratory distress. They should be kept cool, 
calm, and quiet. Pretreatment with an antiinflammatory 
dose of corticosteroids (see Table 30-5 ) immediately before 
surgery is recom mende d. 

Anesthesia 

Anesthesia of animals with brachycephaiie syndrome is de¬ 
scribed on p, 728. General anesthetic recommendations for 
animals with upper respiratory disease are given on p. 717. 
Intubat i o n via a tracheotomy incision m ay b e he! p ful when 
performing a partial laryngectomy but is unnecessary for 
arytenoid cartilage lateralization. See p. 717 for anesthetic 
recommendations for laryngeal examination. 
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PIG 30*12 

A, The larynx is exposed through a lateral cervical approach during arytenoid 
lateralization. Incise the skin and subcutaneous tissues ventral to the jugular vein, then 
incise the thyropharyngeus muscle at the dorsal edge of the thyroid cartilage, B, Separate 
the cricothyroid and cricoarytenoid articulations and transect the sesa 
suture from the muscular process of the arytenoid to the darsocaudal aspect of the 
cricoid or thyroid cartilage. 
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Partial Laryngectomy 

Partial laryngectomy may be done by an oral approach or a 
ventral laryngotomy approach* Vocal fold resection and uni¬ 
lateral resection of the cornicuiate, cuneiform, and vocal 
processes of the arytenoid cartilage should be performed* 

Partial laryngectomy by an oral approach Is extremely diffi¬ 
cult in small dogs because of limited exposure* 

Oral approach. Grasp the cornicuiate process and 
tract it medially with biopsy forceps * Use a long-handled 
scalpel or scissors to excise the cornicuiate process and the 
proximal half and base of the cuneiform process (Fig. 
30-13, A). Do not excise the ary epiglottic fold or the distal 
half of the cuneiform process * Remove the vocal fold[ vocal 
process , and vocal muscle with biopsy forceps or Metzen - 

scissors (or bothj (Fig, 30-13, B| Leave the ventral 
pact of the vocal cord intact. Control bleeding by applying 


gauze sponges , Limit resection to one side of 


pressure 

the glottis, JH 

Laryngotomy approach. Make a ventral midline inci¬ 
sion over the larynx. Separate the sternohyoid muscles and in¬ 
cise the cricothyroid membrane and thyroid cartilage on fhe 
midline. Retract the edges of the thyroid cartilage with smll 
Gelpi forceps * Visualize the arytenoid cartilages and vocol 
folds. Have an assistant visualize the larynx per os to help de¬ 
termine how much to remove . After incising the mucosa over 
the cornicuiate, cuneiform, and vocal processes of one ary¬ 
tenoid cartilage, excise them with scissors or a scolpet AJso 
exc.ise the vocaI fold on that side (if necessary, excise the va■ 
cal fold and process on the opposite side). Excise redundant 

and suture the defect with 4-0 to 6-0 absorbed/© sir 
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COMPLICATIONS 


Cuneiform 


Com icu late 


process 


Early complications of suture lateralization include hematoma 
formation, suture avulsion, swallowing discomfort, temporary 
glottic impairment, and coughing after eating and drinking. 
These complications usually resolve within a few days unless 
aspiration occurs. Coughing and gagging after surgery may in¬ 
dicate mucosal irritation or aspiration. Although bilateral 


ary¬ 
tenoid lateralization enlarges the glottis more than unilateral 

lateralization, it is not routinely recommended because post¬ 
operative coughing, pneumonia, and death occur more often. 
Severe mucosal inflammation and swelling are rare after later¬ 
alization, therefore acute respiratory distress is unlikely The 
cartilages of congenitally affected dogs may be insufficiently 
mineralized to retain sutures. Mineralized cartilages of older 
dogs may fracture or avulse the muscular process, which results 
in failure of abduction and recurrence of clinical 


signs. If these 

events occur, the procedure may be repeated on the opposite 
side of the larynx. Bilateral lateralization is associated with a 
higher risk of aspiration pneumonia, but it is sometimes rec¬ 
ommended in working dogs. 

The most common complication after partial laryngec¬ 
tomy is aspiration pneumonia caused by resection of too 
much tissue, resulting in inadequate closure of the larynx 
during swallowing. Resection of too little tissue does not al¬ 
low a functional airway. Other complications include inter¬ 
mittent coughing and production of excessive granulation 
tissue or a web of scar tissue at the surgery site. 


j 


1 mil 
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PROGNOSIS 


Animals with mild or no clinical signs at rest do well with¬ 
out surgery; however, those with moderate to severe clinical 
signs may develop laryngeal collapse and acute respiratory 
obstruction. The prognosis after unilateral lateralization 
good, with more than 90% of patients having less respiratory 
distress and improved exercise tolerance. As many as 50% of 
animals undergoing partial arytenoidectomy may develop 
pneumonia or airway obstruction (or both) and die. How¬ 
ever, with proper technique and experience with the proce¬ 
dure, the outcome can be excellent. 


is 


FIG 10-13 

A, For partial la rvngectomy by 

lona-hancled scalpel or scissors to excise the cornicdale 
process and the proximal half and base of the cuneiform 
process. Da not excise the aryepiglottic fold or the distal half 
of rhe cuneiform process. B, Remove the vocal fold, vocal 
process, and vocal muscle with biopsy forcep 
Mfitzenbcum scissors (or both] . 
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Po imperatively, these animals should be monitored closely 
'■v signs of respiratory distress caused by airway obstruc¬ 
ts. Analgesics should be given as necessary. Gagging and 
coughing may occur in the early postoperative period. Swal- 
lowing discomfort and impaired glottic function may also 
■'ajr. Intravenous fluids should be maintained until the 
animal is drinking. Soft food may be offered 

is. but the animal should be observed for aspiration 
pneumonia* Exercise restriction should he enforced for 6 to 
8 weeks and barking minimized. Occasiona! 

curs in most dogs. The hark is expected to be quiet and 

hoarse. 
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TABLE 30-15 


Radiographic Diagnosis of Hypoplastic Tracheas 


• Ratio of tracheal lumen diameter al the thoracic inlet to 
the thoracic inlet diameter (TD/Tt) less than 0.2 

* Ratio of tracheal lumen diameter at the midpoint be¬ 
tween the thoracic inlet and carina to width of the third 

rib [TT/3R] less than 3 


Although the clinical signs may be similar, tracheal col¬ 
lapse should not be confused with tracheal stenosis. Tracheal 
stenosis is an abnormal narrowing of the tracheal lumen 
caused by congenital malformation or trauma. Trauma (e.g., 
penetrating or blunt wounds, foreign bodies, indwelling 
tubes) or surgery may cause segmental tracheal stenosis 
when the wound heals by second intention and excess fibro¬ 
sis and scarring cause luminal narrowing. Traumatic steno¬ 
sis is treated by balloon dilation or resection and anasto¬ 
mosis. Congenital stenosis occurs when tracheal cartilages 
are abnormally small, abnormally shaped, or malpositioned. 
Tracheal hypoplasia is a form of congenital tracheal stenosis. 
It is characterized by an abnormally narrow lumen along the 
entire length of the trachea, rigid tracheal cartilages that ar<? 
apposed or overlap, and a dorsal tracheal membrane that is 
narrow or absent. Tracheal hypoplasia primarily affects 
brachycephalic breeds, especially English bulldogs, who 
sometimes have other congenital abnormalities (e#, 
stenotic nares, elongated soft palate* aortic stenosis, pul- 
mo nic stenosis, megaesophagus). It can be associated with 
continuous respiratory distress, coughing, and recurrent tra¬ 
cheitis but may be tolerated in the absence of concurrent res¬ 
piratory or cardiovascular disease. Tracheal hypoplasia can 
be identified endoscopically or radiographically (Table 
30-15). Treatment ol tracheal hypoplasia is symptomatic 
medical therapy (i.e„ antibiotics, cough suppressants) and 
correction of other airway obstructions (e.g., resection of 
n a res > pal ate, s a cc u les). j 

DIAGNOSIS 

Clinical Presentation 

Signalment, Typically, tracheal collapse occurs in tor 
and miniature-breed dogs, most commonly toy poodles, 
Yorkshire terriers, Pomeranians, Maltese, and Chihuahuas, 
Males and females are affected equally. Tracheal collapse in 
larger dogs usually is associated with trauma, deformity, or 
intraluminal or extraluminal masses and should not be 
equated with tracheal collapse in toy-breed dogs. Tracheal 
collapse is classically described as occurring in middle-aged 
or older toy breeds (average, 6 to 8 years). However, it fre¬ 
quently is diagnosed in dogs with respiratory problems be- j 
tween 1 and 5 years of age. I 

History. The onset of clinical signs often occurs before l 
year of age. Clinical signs often progress with age and in¬ 
clude abnormal respiratory noise, dyspnea, exercise intoler¬ 
ance, cyanosis, and syncope. Some dogs never suffer respira- 


TRACHEAL COLLAPSE 


DEFINITION 


Tracheal collapse is a form of tracheal obstruction caused by 
cartilage flaccidity and flattening. 


SYNONYM 


Collapsed trachea; tracheal collapse sometimes is erroneously 
referred to as congenital tracheal stenosis. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


The etiology of tracheal collapse is unknown and probably 
multifactorial. Proposed etiologies include genetic factors, 
nutritional factors, allergens, neurologic deficiency, small 
airway disease, and cartilage matrices degenerate. It has been 
documented that affected tracheal cartilages become 
hypocellular, and their matrices degenerate. Normal hyaline 
cartilage is replaced by fibrocartriage and collagen fibers, and 
the amounts ot glycoprotein and glycosaminoglvcans are di¬ 
minished, The cartilages lose their rigidity and ability to 
maintain normal tracheal conformation during the respira¬ 
tory cycle. They usually collapse in a dorsoventral direction, 

I he cervical trachea collapses during inspiration, and the 
thoracic trachea collapses during expiration* Collapse re¬ 
duces the lumen size and interferes with airflow to the lungs. 
Abnormal respiratory noises, exercise intolerance, gagging, 
and varying degrees of dyspnea occur with tracheal collapse* 
Chronic inflammation of the tracheal mucosa causes cough¬ 
ing, which exacerbates inflammation* Persistent inflamma¬ 
tion leads to squamous metaplasia of the respiratory epithe¬ 
lium and interferes with mucociliary clearance, therefore 
coughing becomes an important tracheobronchial clearing 
mechanism. 
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tory distress* and others die of asphyxiation. Clinical signs 
are more severe in obese animals. Respiratory noises include 
wheezing, hacking, coughing, and stridulous breathing. 
Some dogs do not make abnormal respiratory noises. The 
cough may be productive or nonproductive but is classically 
a “goose honk” cough. Coughing often becomes cyclic and 
paroxys mal. G agg i ng a fte r co ugh ing ni ay o ecu r in as ma ny as 
50% of cases. Signs may be elicited or exacerbated by tra¬ 
cheal infections* tracheal compression, exercise* excitement, 
eating* drinking* or hot* humid weather. Noxious stimuli 
(i,e„ smoke and other respiratory irritants) may also predp- 

signs. 


Physical Examination Findings 


Flaccid tracheal cartilages with prominent lateral borders 
occasionally are evident on palpation of the cervical trachea. 
Palpation may elicit paroxysmal coughing. Auscultation may 
localize abnormal respiratory noises and identify mitral 
valve disease. A soft end-expiratory snapping together of the 
tracheal wall may be auscultated in dogs with intrathoracic 
tracheal collapse. Abnormal heart sounds may be associated 
with concurrent cardiac disease. Electrocardiography may 
revea I 


FIG 30-14 

Endoscopic view of □ grade 111 dorsoventral tracheal 
collapse. 


the dynamic movement of the trachea and mainstem bronchi 
through all phases of respiration. Ultrasonography may also 
be used to assess dynamic movement of the trachea. Ultra- 
sonographically the normal tracheal appears hyperechoic 
and round on cross section, whereas a collapsed trachea is 
oval or bean s h a p ed in t he n e u t ra I o r hyp e rex ten d ed pos ition 
(Rudorf* Herrtage* White, 1997), Thoracic radiographs often 
reveal cardiomegaly and pulmonary disease. 

Laboratory Findings 

Hematologic and serum biochemistry findings are normal 
unless concurrent systemic disease is present. Positive tra¬ 
cheobronchial cultures are found in more than 50% of ani¬ 
mals with tracheal collapse (Buback* Boothe* Hobson, 1996). 


or evidence of cor pulmonale or left 
ventricular enlargement. Hepatomegaly, which has been as¬ 
sociated with this syndrome in some patients 
from venous congestion caused by cor pulmonale or fatty 

change. 

Laryngoscopy and tracheoscopy should be performed 
under light anesthesia. Laryngeal paresis, paralysis, or col¬ 
lapse is present in approximately 30% ol dogs with tracheal 
collapse. Approximately 50% of affected dogs show evidence 
of bronchial compression or collapse. Tracheal conforma¬ 
tion should be evaluated as the scope is withdrawn to deter¬ 
mine the location and severity of the collapse. The entire tra- 

area of the trachea 


sinus arrhythmia 


may result 
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chea usually is collapsed; however 
often is more severely affected and is used for classification 
purposes. Grade 1 tracheal collapse is a 25% reduction in lu¬ 
men diameter with the trachealis muscle being slightly pen¬ 
dulous and the cartilages maintaining a somewhat ci 
shape. Grade 11 collapse is a 50% reduction in lumen diam¬ 
eter with the trachealis muscle stretched and pendulous and 
the cartilages beginning to flatten. Grade 111 collapse is a 
75% reduction in lumen diameter with the trachealis more 


ie 


DIFFERENTIAL DIAGNOSIS 


1 C 


Other causes of chronic coughing or respiratory distress in¬ 
clude brachycephalic syndrome* tonsillitis, laryngeal col¬ 
lapse, laryngeal paralysis or paresis, bronchitis, tracheobron¬ 
chitis* allergies* heartworm disease* pulmonary disease, 
chronic mitral valvular disease, hypoplastic trachea* tracheal 
stenosis* and tracheal neoplasia or mass. 
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MEDICAL MANAGEMENT 


stretched and pendulous and the cartilages nearly flattened 
(Fig. 30-14). In grade IV collapse the lumen is essentially 
obliterated, and the tracheal cartilages 
idled and may invert to contact the trachealis muscle. Tra¬ 
cheal cultures and brushings taken during tracheoscopy are 
useful in selecting antibiotics. 


es 


Medical therapy is recommended for all animals with mild 
clinical signs and those with less than 50% collapse. Medical 
therapy for dogs with tracheal collapse includes anutussives 
(i.e., butorphanol tartrate* hydrocodone bitartrate; Table 
30-16)* antibiotics (i.e., ampidllin, cefazolin, clindamycin* 
enrofloxadn), bronchodOators (i.e., aminophylline, oxtri¬ 
phylline), and/or corticosteroids (i.e., dexamethasone, pred¬ 
nisone). Sedation with acepromazine (0,05 to 0.2 mg/kg 
[maximum l mg] given intravenously, intramuscularly, 
or subcutaneously three times a day) and/or diazepam 
(0.2 mg/kg given intravenously twice a day) and supplemen¬ 
tal oxygen (see Table 3U-11) may be required in severely dys- 
pneic patients. Weight reduction should be instituted for 
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Radiography, Fluoroscopy, 
and Ultrasonography 

Inspiratory and expiratory lateral radiographs of the neck 
and thorax are diagnostic in approximately 60% of patients 
with severe tracheal collapse (greater than 50%). The cervical 
trachea is expected to collapse on inspiration and the thoracic 
trachea on expiration. Fluoroscopy facilitates evaluation of 
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disease. Concurrent mainstem bronchial collapse is present 
in some dogs. There currently is no technique to support 
collapsed mainstem bronch i; cervical tracheoplasty may not 
he beneficial if mainstem bronchial collapse is severe. 

The goal of surgery is to support the tracheal cartilages and 
trachealis muscle while preserving as much of the segmental 
blood and nerve supply to the trachea as possible. Many tech¬ 
niques have been described. Currently the only techniques 
that meet this goal are placement of individual rings or mod¬ 
ified spiral ring prostheses. Generally only the cervical trachea 
and most proximal portion of the thoracic trachea are sup¬ 
ported! even when cervical and thoracic tracheal collapse are 
present. Tracheoplasty using individual ring prostheses is de¬ 
scribed below. Patients with concurrent laryngeal paralysis or 
laryngeal collapse may also require arytenoid lateralization or 
perman e nt t r a ch eo si omy, resp e ctively 

Preoperative Management 

These patients should be observed closely for signs of pro¬ 
gressive dyspnea after hospitalization. Surgery should be 
performed immediately after endoscopy to avoid a second 
complicated anesthetic recovery. Prophylactic antibiotics 
(he*, cefazolin; see 

induction. Corticosteroids may be given to dogs with very 
small tracheas (i.e., those weighing less than 2 to 4 kg) to 
minimize tracheal mucosal swelling. 

Anesthesia 

These patients should be p re oxygenated and they should be 
induced and intubated quickly* Manipulation 
tracheal tube by an assistant is necessary during placement 
of each ring prosthesis to ensure that sutures have not been 
placed into the tube. Extubation should be delayed as long an 
possible after surgery Laryngeal paralysis may occur second¬ 
ary to recurrent laryngeal nerve damage (see p. 735). Sup¬ 
plementation of oxygen via nasal insufflation (see Table 
30-11) is beneficial, particularly if laryngeal paralysis or se¬ 
vere tracheal inflammation occurs. Anesthesia of animals 
with hrachycephalic syndrome is described on p- 728. Gen¬ 
eral anesthetic recommendations for animals with upper 
re sp ir a to ry d i seas e a re given on p, 717. 

Surgicai Anatomy 

The surgical anatomy of the trachea is discussed on p, 720. 
The segmental blood and nerve supply to the trachea travels 
in the lateral pedicles on each side of the trachea. Minimal 
mobilization of the trachea is necessary to maintain a good 
blood supply after surgery. The left recurrent laryngeal nerve 
is located in the lateral pedicle; the right is sometimes lo¬ 
cated within the carotid sheath. 

Positioning 

The animal should be positioned in dorsal recumbency with 
the neck extended and elevated over a pad (to deviate the 
trachea ventrally). The caudal mandibular area, ventral neck 
and cranial thorax should be clipped and prepared for asep¬ 
tic surgery. 


(f) TABLE 30-16 


Medical Therapy of Tracheal Collapse 


Butorphanol Tartrate (Tobutol) 

0.5-1 mg/kg PO, bid to tid 

Hydrocod one (Bi tartrate (Hycodan) 

0.2 mg/kg PO, tid to qid 


Ampkillin 


22 mg/kg IV, IM, SC or PO, tid 


Cefazolin (Ancef. Kefzot) 

20 mg/kg IV or IM, tid 


Clindamycin (Antirabe, Cleocin) 


1 1 mg/kg PO, IV, or IM, bid 


Enrofloxacin (BaytrilJ 


IV, bid (or 5-20 mg/kg sid) 


5-10 mg/kg PO 


Aminophylline 

Dogs; 1 1 r 
Cats: 5 mg 

Oxtriphylline Elixir (Choledyl) 

15 mg/kg PO, tid 

Dexamethasone (Azium) 

0.2 m 

gency treatment 

Prednisone 

1-2 mg/kg PO, sid to bid 


/kg PO, IM, or IV, tid 


mg, 

A 


g PO, bid 


Table 30-8) should be given at the time of 


SC, bid up to 6 mg/kg for emer- 


i or 


of the eudo- 


doy; qid, tour times a 
; SC, subcutaneous; sid, once 


PO, Oral; bid, twice a day, tid, three times 
day; IV, intravenous; IM, intramuscular 


obese patients. Exercise restriction is recommended. Af¬ 
fected dogs should be maintained in an environment free of 
smoke and other respiratory irritants or allergens. Response 
to medical therapy is usually transient, and the disease typi¬ 
cally progresses. 


SURGICAL TREATMENT 


Surgery is recommended for all dogs with moderate to se¬ 
vere clinical signs, a 50% or greater reduction of the tracheal 
lumen, or a condition refractory to medical therapy. Surgery 
should not be delayed until the animal is in severe respira¬ 
tor v d i stress, Tracheal col 1 apse often is over 1 ooked in young 
dogs, which allows degenerative changes to progress, clinical 
signs to worsen, and secondary problems to develop. Dogs 
presented for treatment with laryngeal paralysis or collapse, 
generalized cardiomegaly, bronchial collapse, and chronic 
pulmonary disease are poor surgical candidates. Coughing 
and dyspnea caused by laryngeal, pulmonary, or cardiac dis¬ 
ease are not expected to improve without appropriate ther¬ 
apy. Respiratory distress and death may occur in animals 
with severe laryngeal dysfunction or bronchopulmonary 
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FIG 30-15 

Intraoperative appearance of a grade IV tracheal collapse. 
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FIG 30-16 






A, To place prosthetic rings on the trachea, dissect a tunnel around the trachea at each 
implantation site. B, Rotate the prosthesis around the trachea. C, Secure the prosthesis with 
several sutures. 
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SURGICAL TECHNIQUE 


loose the skin and subcutaneous tissues along the ventral 
cervical midline from the larynx to the manubrium , Separate 
the sternohyoid and sternocephalicus muscles along their 
midline to expose the cervical trachea. Examine the trachea 
for evidence of collapse and deformity (Fig. 30-15). Identify 

and protect the recurrent laryngeal nerves. Place the first tra¬ 
cheal prosthesis one or two cartilages distal to the larynx. 
Dissect the peritracheal tissues and create a tunnel immedi¬ 
ately around the trachea only in the areas of prosthetic ring 
placement. Guide and position a prosthetic ring through the 
tunnel and around the trachea with a long , curved hemostat 
(Fig> 30-16 , A and BJ, Position the prosthetic ring with the 


1 1 




Prosthetic tracheal rings or spirals are made by cutting 3-ml 
polypropylene syringe cases. To create individual rings, a 
pipe cutter can be used to divide a syringe case into cylinders 
5 lo 8 mm wide* Five or more staggered boles should be 
drilled through each ring for suture placement, and the ring 
should be split vent rally to allow placement* Rough edges of 
the rings can be smoothened by firing or trimming with a 
No. 11 blade or file* The rings should be autoclaved before 
mplantation. Gas sterilization is possible, but the rings must 
be aerated at least 72 hours to prevent toxic tissue reactions 
and tracheal necrosis 
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Soft Tissue Surgery 


Coughing and lack of improvement in clinical signs 
should be expected for several weeks postoperatively because 
of tracheitis, peritracheal swelling, and suture irritation. 
However, clinical improvement (e.g., decreased respiratory 
noise, less respiratory effort, increased exercise tolerance, 
fewer tracheobronchial infections) should he noted within 
2 to 3 weeks of surgery Some animals have nearly complete 
remission of clinical signs after surgery, whereas others con¬ 
tinue to have episodes of coughing or other respiratory 
noises. The quality of life is improved for most patients, but 
surgery does not cure the condition. 
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Bruising and mild cervical swelling are expected postopera¬ 
tively Infection is a possible problem because the trachea 
contains bacteria that may be harbored in implants. Tracheal 
necrosis may occur if too much dissection strips the blood 
supply away from the trachea or improperly aerated pros- 
theses (gas sterilized) are implanted. Death may result if the 
trachea is obstructed by severe inflammation or damaged by 
severe infection or necrosis. 


I . 


FIG 30-1 7 

Appearance of the trachea after placement of six tracheal 
ring prostheses. 


split on the ventral aspect of the trachea. Chondrotomy 
ca s tonally is neces s ary to at I o w de formed , rtg i d ca rfi /ages to 
conform to the prosthesis. Secure the prosthesis with sutures 

ventrally, laterally, and dor sally (Fig. 30-16 f Q, Place three 
to six sutures (3-0 or 4-0 polypropylene) to secure each 
prosthesis, Direct sutures around rather than through carti¬ 
lages and engage the tracheal is muscle in at least one su¬ 
ture. Place four to six additional ring prostheses 5 to 8 mm 
apart along the trachea (Fig. 30-17). Cranial traction on the 
prostheses around the cervical trachea allows one or two 
rings to he placed at the thoracic inlet or beyond. Preserve 
the blood vessels and nerves between the rings. Manipulate 
the endotracheal tube or trachea a Per the placement of each 
prosthesis to be sure the lube cuff has not been engaged by 
a suture. Lavage the surgical site with sterile saline. Appose 
the sternohyoid ana sternocephalicus muscles with simp/e 
continuous sutures (3-0 or 4-0 polydioxanone) and appose 
the subcutaneous tissues and skin routinely. 
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PROGNOSIS 


Clinical signs can sometimes be controlled medically if tra¬ 
cheal collapse is not severe, patients do not become obese 
and a sedentary lifestyle is practiced. The prognosis is more 
dependent on concurrent respiratory problems such as la¬ 
ryngeal paralysis or collapse and bronchial disease than on 
the location or severity of tracheal collapse. Dogs with la¬ 
ryngeal and bronchial disease do not improve clinically as 
much as those with tracheal collapse alone. Approximately 

80% t o 90% o f dogs with tracheal coll a ps e im p rove clinically 

after tracheoplasty. 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


These animals should be continuously monitored during re¬ 
covery. Acute respiratory distress may occur postoperatively 
secondary to inflammation, edema, and/or laryngeal paresis or 
paralysis. Animals with laryngeal paralysis may require surgery 
to widen the glottis (see p. 737), and those with collapse may 
require a permanent tracheostomy (see p. 720) within the first 
24 hours to relieve respiratory distress. Nasal insufflation of 
oxygen and an antiinflammatory dose of corticosteroids may 
be beneficial in animals with edema and inflammation. An¬ 
tibiotics should be continued for 7 to 10 days if bacterial tra¬ 
cheitis is present. Ant hussives, bronchodilators, analgesics, and 
sedatives may be given as necessary to control coughing and 
excitement (see Table 30-16), These animals should have strict 
exercise restriction (cage rest) for 3 to 7 days. Thereafter exer- 
dse may be increased gradually. A harness rather than a collar 
should be used for leash walking. Weight reduction is impor¬ 
tant in obese patients. Tracheoscopy is recommended 1 to 2 
months after surgery and later if respiratory signs deteriorate. 
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Chapter 30 Surgery of the Upper Respiratory System 


LARYNGEAL AND TRACHEAL TUMORS 


TABLE 30-17 


Laryngeal Tumors 


DEFINITION 


Benign 


Oncocytomas arise from epithelial cells called oncocytes, 
small numbers of which are foun d in various organs, such as 
the larynx, thyroid, pituitary, and trachea* 


Malignant 


carcinoma 


Lymphoma 

Osteosarcoma 

Fibrosarcoma 

ft h a bd o m y osa rcom a 

Melanoma 

Most cell tumor 

Other sarcomas 

Granular cell myoblastoma 
Adenocarcinoma 
Undifferentiated carcinoma 


* Oncocytoma 

* Rhabdomyoma 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


in dogs and cats- In 


Laryngeal and tracheal tumors are rare 
10-year retrospective survey of 56,413 surgical pathology ac 


a 


cessions and 7444 necropsy case reports, 
were identified in 13 dogs and 11 cats (Saik et aL, 1986). In an¬ 
other study of 11,774 malignancies, only 11 canine and 2 fe¬ 
line laryngeal tumors were identified (Pr tester, McKay 1980). 
Of 289 hematopoietic tumors in cats, 2 tracheal tumors and 
no laryngeal tumors were identified (Patoaik et al., 1975)* 
Various tumor types have been identified in the larynx of 
dogs (Table 30-17). In cats, lymphosarcoma is most commonly 
identified, although squamous cell carcinoma and adenocarci¬ 
noma have also been reported. Rhabdomyomas and oncocy¬ 
tomas are laryngeal tumors that appear histologically similar 
with light microscopy; electron microscopy and immunocyto- 
chemistrv are necessary to distinguish them* Oncocytomas 
have been reported in young dogs and warrant special consid¬ 
eration because long-term survival without evidence of metas¬ 
tasis after surgical resection has been reported (Fig* 30-18). 

Malignant and benign tracheal tumors have been reported 
iTable 30-18), Tracheal osteochondromas may occur in dogs 
younger than 1 year of age. These masses probably reflect a 
malfunction of osteogenesis and are benign. In cats, tracheal 
squamous cell carcinomas, adenocarcinomas, and lymphosar¬ 
comas have been reported. Metastatic thyroid carcinomas, 
lymphomas, and pharyngeal rhabdomyosarcomas may also 
involve the larynx and trachea. The incidence of metastasis of 
laryngeal and tracheal tumors in dogs and cats is unknown* 
Fildroirfft oslen (Oslerus osier i) is a nematode that forms 
m dales in the canine trachea and main stem bronchi, and 
these nodules must be differentiated from neoplastic lesions. 
Definitive diagnosis of lilaroidosis is difficult, because larvae 
are intermittently shed in the feces. Diagnosis is best made 
by finding larvae or adult worms in bronchoscopically ob¬ 
tained biopsy specimens or by identification of the larvae in 
Ikes or tracheal wash. Anthelmintic therapy and surgical re¬ 
action have met with varying success. Aberrant Cuter eh ra 
larvae and. associated tissue trauma may obstruct the laryn¬ 
geal or tracheal lumen. These lesions must be differentiated 
from neoplastic lesions. 

Laryngeal and tracheal tumors cause luminal obstruction 
by occupying space or compressing the lumen externally As 
lumen size decreases, signs of respiratory distress become 
apparent (see p, 716), Acute respiratory distress, cyanosis, or 
collapse (or all of these.) may occur if excitement, stress, high 
temperatures, or infections cause mucosal swelling of an al¬ 
ready compromised lumen. 


tumors 


TABLE 30-18 


Tracheal Tumors 


Malignant 

* Osteosarcoma 

* Chondrosarcoma 

* Lymphoma 

* Mast cell tumor 

* Adenocarcinoma 

* Squamous cell 
carcinoma 


Benign 

* Osteochondroma 

* Oncocytoma 

* Leiomyoma 

* Chondroma 

* Extramedullary plasmacytoma 

* Polyp 


d 


FIG 30-1 8 

Tracheal oncocytoma in a 7-year-old basset hound that was 
presented for treatment of acute respiratory distress. 
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DIAGNOSIS 

Clinical Presentation 

Signalmen!, Laryngeal and tracheal tumors occur most 
often in middle-aged to older animals (i.e., 5 to 15 years)* 
Tumors arising in older animals are more likely to be malig¬ 
nant; however, laryngeal oncocytomas and tracheal osteo¬ 
chondromas may occur in young animals. Benign tracheal 


DQ 


Me 


















746 


PART III Soft Tissue Surgery 


geal space may also be seen. Extraluminal masses may com¬ 
press the tracheal lumen. 

Thoracic radiographs should be evaluated for metastasis 
and branchopneumon i a. In rare cases, the lungs may appear 
to be hyperinHated if a tracheal mass is large enou 

way valve. Occasionally, contrast esophagrams or 
esophagoscopy is needed to rule out esophageal involvement. 

Laboratory Findings 

A complete blood count, serum biochemistry profile, and 
urinalysis are indicated to evaluate the patient's overall sta¬ 
tus and to assess for evidence of paraneoplastic syndromes. 
If lymphoma is suspected, a bone marrow aspiration and (in 
cats) a feline leukemia virus (FeLV) test are warranted. 


osteocartilaginous tumors (osteochondromas) are most 
common in animals with active osteochondral ossification; 
they grow 7 with the rest of the musculoskeletal system and 
may be recognized before 1 year ot age* 

History* Animals with laryngeal or tracheal tumors may 

have an acute or progressive history of upper airway obstruc¬ 
tion * S i g n s m ay include st r id o r, dyspnea, co ugh, dec rea se d ex - 
ercise tolerance, voice change, hyperthermia, ptyalism, gag¬ 
ging, dysphagia, cyanosis, or syncope, or all of these. 
Development of a mass in the ventral neck may be reported. 

Physical Examination Findings 

The physical examination usually is normal unless concur¬ 
rent diseases or abnormalities are present. Occasionally, ex¬ 
traluminal masses may be palpated along the ventral neck, 
and tracheal palpation may elicit coughing or increased dys¬ 
pnea. A voice change may be noted in animals with laryngeal 
masses. Visual examination with a laryngoscope or endo¬ 
scope allows identification and biopsy of the mass, 
ryngeal and tracheal tumors are inflamed or edematous, 
pink, fleshy masses protruding into the lumen; however, 
some laryngeal tumors appear as a diffuse thickening. Defin¬ 
itive diagnosis requires histologic or cytologic evaluation ol a 
biopsy specimen. Biopsy may be performed using biopsy for¬ 
ceps or needle biopsy instruments. Biopsy of tracheal tumors 
is more difficult than laryngeal tumors but usually can be 
performed using a bronchoscope. The size and consistency of 
the tumor and the nature of its attachment to the tracheal 
wall should be noted. Enlarged, accessible lymph nodes 
should be aspirated or biops led (see p. 532) to help stage the 
disease. The medial retropharyngeal lymph nodes drain the 
larynx and proximal trachea but usually are inaccessible. 

Radiography 

Cranial and cervical radiographs should be evaluated to de¬ 
termine the location and extent of the tumor. Laryngeal and 
tracheal masses may appear as soft tissue densities in the air¬ 
way (Fig. 30-19). Laryngeal distortion and decreased laryn- 


to ac t as 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include obstruction of the larynx 
caused by elongated soft palate, laryngeal collapse, laryngeal 
paralysis, nasopharyngeal polyp, foreign bodies, inflamma¬ 
tion, cysts, or granulomatous masses (Filaroides osier i). 
Other causes of tracheal obstruction include tracheal col¬ 
lapse or hypoplasia, foreign bodies, congenital malforma¬ 
tions, cysts, inflammation, granulomatous masses, or excess 
respiratory secretions. 


MEDICAL MANAGEMENT 


Radiation therapy may help treat squamous cel] carcinomas, 
mast cell tumors, and lymphomas, but little information is 

avail able. So me tumo rs resp ond t o chemo therapy (e.g., lym - 

phomas, mast cell tumors, adenocarcinomas). Permanent 
tracheostomy can palliate signs of respiratory distress during 
medical therapy. 


SURGICAL TREATMENT 


Surgical excision may be curative if the minor is benign, fo¬ 
calized, and small. Complete excision of malignant tumors is 
rarely possible, but excision may provide palliation by allevi¬ 
ating dyspnea. Laryngeal tumors may be resected by partial 
or total laryngectomy. For removal of tracheal tumors, a tra¬ 
cheal resection and end-to-end anastomosis are required 
(see p. 721). Depending on its elasticity, 20% to 60% of the 
trachea (i.e., usually six to eight rings) may be resected. Re¬ 
section of 1 arge tumors with a minimum of I cm of normal 
adjacent trachea is not always possible. When resection 
would be too extensive to achieve end-to-end anastomosis, 
tracheal replacement or pros theses may be considered kn 
are rarely successful. Resection of a segment ol the tradid 
wall without complete transection (i.e. s wedge resection 
and reapposition of the cut edges is not recommended be¬ 
cause it narrows, or kinks, the trachea, which interferes with 
airflow and mucociliary transport. 
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Preoperative Management 

The animal should he kept calm to prevent progressive dys¬ 
pnea; sedation may be necessary in some animals (see 
p. 716). An amiinflaminatory dose of corticosteroids may 
also be administered if dyspnea is severe (see Table 30-51. 
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FIG 30-1 P 

Tracheal osteochondroma in a 6-month-old dog. 
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pharyngeal mucosa at the base of the epiglottis, preserving 
as much mucosa as possible while keeping tumor-free mar¬ 
gins . Free the larynx by transecting between the cricoid and 
first tracheal cartilage or between the first and second tra- 

lages . Remove additional tissue as necessary to 
achieve an en bloc resection. Lavage the surgical field . Be¬ 
gin reconstruction by closing the pharyngeal submucosa in 

continuous pattern with 3-0 polydioxonone suture. 


Dyspnea: animals should be oxygenated before surgery. An 
emergency tracheostomy may be necessary in severely dysp¬ 
neic animals (see p. 720). 

Anesthesia 

Animals with laryngeal masses may require intubation via a 
pharyn go stormy or tracheotomy incision (see p, 720). Intu¬ 
bation and ventilation of patients with intraluminal tracheal 
masses may require insertion of a small-diameter tube or 
tracheostomy distal to the obstruction. Specific anesthetic 
recommendations for animals with respiratory disease are 
given on p. 

Surgical Anatomy 

The surgical anatomy of the larynx and trachea is discussed 
onp. 

Positioning 

Patients requiring laryngotomy or cervical tracheal resection 
should be positioned in dorsal recumbency with the neck 
deviated vent rally with a dor sally placed pad or roll (see Fig. 
30-6). The entire caudal mandibular area, ventral neck, and 
cranial thorax should be prepared for aseptic surgery Partial 
laryngectomy may be performed with the patient in ventral 
recumbency with the head suspended and the mouth open 
widely, or in dorsal recumbency. Total laryngectomy may be 
performed with the patient initially positioned in ventral re¬ 
cumbency for oropharyngeal mucosal incision and then 
repositioned in dorsal recumbency to allow removal of the 
larynx and permanent tracheostomy. 


cheat carti 


a 


This suture line will be under tension. 


Attach the sternohyoid muscles to the basihyoid bone dorsal 
to the trachea. Place o Penrose drain if dead space is not 
completely eliminated. As an alternative r incise and appose 
the pharyngeal mucosa through on oral approach , 


The technique tor permanent tracheostomy must be var¬ 
ied when a complete laryngectomy is performed. This proce 
dure is rarely performed and may be challenging 
the end of the proximal trachea with a series of interrupted 
horizontal sutures and then perform a permanent tra¬ 
cheostomy as described on p. 720 or divert and incorporate 
the transected proximal trachea to create the tracheostoma. 


. Either close 


To close the end of the proximal trachea, place a series of in¬ 
terrupted horizontal mattress sutures from the annular liga¬ 
ment or tracheal cartilage through the dorsal tracheal mem¬ 
brane. As an alternative , preserve a flap of dorsal tracheal 
membrane during resection f fold it over the end of the tra¬ 
chea t and secure it with interrupted sufures. To incorporate 
the proximal trachea the tracheostome; create the tra¬ 
cheostome by first apposing the sternohyoid muscles dorsal 
to the trachea. Remove the ventral third of four to six tracheal 
cartilages f taking care to preserve the underlying tracheal 
mucosa . Elevate the dorsal tracheal membrane , apposing 
and suturing it directly to the skin proximally using 4-0 
polypropylene suture . Excise excess skin surrounding the 
stoma and place intradermal sutures from the skin to peri¬ 
tracheal tissues to create adhesions and prevent skin flaps . 
Incise the mucosa and suture if laferally and distally to the 
skin in a simple continuous suture pattern . 


SURGICAL TECHNIQUES 

Portia! Laryngectomy 


Partial laryngectomy is performed using either an oral or a 
laryngotomy approach (see p. 738). Mucosal closure after tu¬ 
mor resection helps prevent the formation of scar tissue and is 
more readily achieved when a laryngotomy approach is used. 


Using sharp dissection, remove the mass with a margin of 
normo! tissue, if possible, preserve the lateral margin of the 

races s to allow appropriate epiglottic protection 
of Jne g/otf/s. Avoid bilateral disruption of the dorsal and 
mtral laryngeal commissures to reduce the risk of postop- 
erafve glottic stenosis. 

Complete or Total Laryngectomy 

Total laryngectomy requires the creation of a permanent 
tracheostomy. It is a difficult procedure that is not often 
performed. 

Expose the larynx by a ventral midline cervical incision. 
framed fhe rip h t and le ft s ternohyoide us m usales from their 
insertion on the basihyoid bone. Disarticulate the hyoid ap¬ 
paratus befween /he kero to hyo id and boss hyo id articula ti on s 
wifi) the thyrohyoid bones. Dissect dorsolaterally and excise 
frie thyropharyngeus and cncopharyngeus muscles bilater¬ 
ally from their insertion on the thyroid cartilage. Incise the 


com 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


\ 


A laryngoscope, bronchoscope, alligator biopsy instrument, 
needle biopsy instruments, and endoscopic biopsy forceps 
are used for laryngeal and tracheal biopsy. Instruments and 
suture material for laryngeal and tracheal surgery are dis¬ 
cussed on p. 724. 


t 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


Postopera lively these patients should be monitored carefully 
for signs of airway obstruction (see p. 725), In needed, 
supplemental oxygen and corticosteroids may be given. Wa¬ 
ter should be offered 6 to 12 hours postoperatively and food 
18 to 24 hours after surgery if gagging, regurgitation, or 
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vomiting do not occur. The animal should be kept quiet and 
restricted from exercise for 2 to 4 weeks. Endoscopic reeval¬ 
uation is recommended at 4 to 8 weeks to identify areas of 
tumor recurrence or stenosis. Stenosis of greater than 20% 
leads to mucostasis and infection, whereas approximately a 

50% decrease in lumen size causes respiratory distress. Peri¬ 
odic physical and radiographic evaluation is recommended 
to check for metastasis or recurrence. 


Henderson RA, Powers RD, Perry L: Development of hypoparathy¬ 
roidism after excision of laryngeal rhabdomyosarcoma in a dog, 

J Am Vet Med Assoc 198:639,1991. 

Ggiivie GK, Moore AS: Managing the veterinary cancer patient 
Trenton, NJ t 1995, Veterinary Learning Systems. 

Sheaffer KA, Dillion AR: Obstructive tracheal mass due to an in¬ 
flammatory polyp in a cat, / Aw Anim Hasp Assoc 32:430s 1996, 


COMPLICATIONS 


NASAL TUMORS 


Dysphagia, gagging, and pharyngeal dehiscence may occur 
after complete laryngectomy. Some patients benefit from a 
gastric feeding tube (see p. 78). Vocalization is absent after la¬ 
ryngectomy Tracheostomas must be monitored closely to 
maintain patency and prevent self-trauma (see p. 726). Other 
complications of laryngectomy include fistula that occurs 
secondary to pharyngeal dehiscence, hypoparathyroidism 
secondary to ischemia, and tumor recurrence or metastasis. 

Dehiscence may occur after tracheal anastomosis if tension 
is excessive and head and neck motion are not restricted. To 
relieve tension, the neck should be kept mildly to moderately 
ventroflexed by attaching a muzzle to a harness with a lead or 
placing a suture from the chin to the manubrium for 2 weeks. 
Subcutaneous emphysema may be evident with dehiscence or 
anastomotic leakage. Infection and fistula formation are pos¬ 
sible. Mild stenosis (less than 20%) is expected with the split 
cartilage technique, in which anastomotic tension is minimal 


DEFINITIONS 


NasaJ tumors are tumors that arise from the nasal cavity or 
paranasal sinuses. Rhinotomy is an incision into the nasal 

cavit y 


SYNONYM 


Sinonasal tumors 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Neoplasms of the nasal cavity and paranasal sinuses are rare in 
most domestic species; the reported prevalence varies from 
0.3% to 2.4% of canine tumors. They occur more common!v 
in dogs than cats. Sinonasal tumors may be classified histolog¬ 
ically as epithelial, nonepithelial, or miscellaneous (Table 30- 
19). Neoplasms of epithelial origin are most common, with 


c 


j 


t 


PROGNOSIS 


c 


Although the prognosis undoubtedly is related to the tu¬ 
mor s histologic type, with some tracheal tumors the prog¬ 
nosis is excellent (e.g., oncocytomas, osteochondromas). Lit¬ 
tle information is available on the biologic behavior of 
laryngeal tumors; however, the long-term prognosis gener¬ 
ally is poor. Without surgery, complete obstruction of the 
tracheal or laryngeal lumen and subsequent asphyxiation 
may occur. Radiation therapy may be a valuable adjuvant af¬ 
ter surgery for patients with malignant tumors. 


U 
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TABLE 30-19 


n 


h, 


Histologic Classification of Sinonasal Neoplasms* 


Epithelial 

* Squamous cell carcinoma 

Nonkeratinizing 

Keratinizing 

* Adenocarcinoma 

Nonepithelial 

* Skeletal 

Chondrosarcoma 

Osteosarcoma 

* Soft tissue 
Lymphosarcoma 
Fibrosarcoma 
Hemangiosarcoma 
Muscular origin 
Fibrous histiocytoma 
Malignant nerve sheath 

Miscellaneous 

Adenocarcinoid 

Esthesioneuroblastoma 

Carcinoid 

Melanoma 


Pi 


op 


at* 


ta; 
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adenocarcinoma being the single most frequent histologic di¬ 
agnosis in dogs* In cats, epithelial tumors and those of lym- 
phoreticular origin are most prevalent* Nonepithelial tumors 
of skeletal origin {i.e., chondrosarcoma and osteosarcoma} ac¬ 
count tor approximately one fifth of canine nasal tumors. 

The metastatic rate of nasal tumors generally has been 
considered low, with metastasis occurring late in the natural 
course of these tumors; however, in one survey nearly half of 
the dogs with sinonasal tumors that underwent necropsy 
had metastasis (Patnaik, 1989), The most common site of 
metastasis was the brain, followed in decreasing order of fre¬ 
quency by the lymph nodes, lungs, and liver* Esthesioneu- 
roblastomas and neuroendocrine tumors oi the nasal cavity 
are most likely to metastasize to the brain, whereas epithelial 
tumors usually metastasize to the regional lymph nodes and 
lungs. Skeletal tumors in this region have a low incidence of 
metastasis. Prolonged survival rates in cats with lym- 
phoreticular nasal tumors have been reported after radio¬ 
therapy, suggesting that metastasis of these tumors is slow. 

DIAGNOSIS 

Clinical Presentation 

Signalmen*. Male dogs and cats seemingly have a higher 
incidence of sinonasal neoplasms than females, irrespective 
of histologic diagnosis. Intranasal tumors generally occur in 
older animals, with a median age of approximately 10 years 
in dogs and cats. However, the mean age varies according to 
the histologic diagnosis; the mean age of dogs with chon¬ 
drosarcomas (7 years) is younger than that of dogs with other 
tumor types (9 years). In dogs I to 4 years of age, chon¬ 
drosarcomas are more commonly diagnosed than all other 
tumor types* Soft tissue tumors involving the nasal cavity 
have eve n bee n repor ted i n d ogs as you ng a s 1 year o f age. 

History, Most affected dogs are presented for evaluation 
of nasal discharge, often with epistaxis. Tumors may cause 

paroxysmal sneezing (which is violent enough to produce 
epistaxis). Clinical signs in cats are similar, with most evalu¬ 
ated for sneezing and nasal discharge and occasionally epis- 
taxis. The duration of the clinical signs varies, but most ani¬ 
mals have them for longer than 1 month and many for 
longer than 6 months before detin it ive diagnosis* Initially 
the clinical signs often are intermittent, gradually becoming 
persistent as the tumor progresses* Infections associated 
with nasal tumors often respond transiently to antibiotics 
and other drugs, delaying definitive diagnosis* 

Physical Examination Findings 

Clinical findings in dogs with nasal tumors include epis taxis, 
swelling of the facial region (inciuding exophthalmos), nasal 
discharge, sneezing or snuffling, dyspnea, ocular discharge, 
and/or bleeding from the oral cavity. Neurologic signs may 
predominate (seizures, behavior changes, obtundation, paresis, 
ataxia, circling, visual deficits, and/or proprioceptive deficits). 
Clinical signs may vary according to the tumor's histologic 
type. Seizures are more common in dogs with carcinoids and 
wthesioneuroblastomas than with tumors of epithelial origin, 
presumably because of differences in metastatic patterns. Dys¬ 
pnea may be more typical with epithelial neoplasms, and 


sneezing has been reported most commonly with chondrosar¬ 
comas* Rhinoscopy allows identification and biopsy of nasal 
masses and helps distinguish them from chronic rhinitis, fun¬ 
gal hyphae, foreign bodies, and nasal parasites. 

Radiography 

Thoracic radiography should he performed to evaluate for 
metastasis. Skull radiographs require general anesthesia to 
obtain satisfactory positioning. Good quality nasal radi¬ 
ographs help define the extent and location of disease and 
should be performed before rhinoscopy, nasal flushes, or 
surgical biopsies. Lateral, dorsoventral, open-mouth ven¬ 
trodorsal, and frontal sinus views are suggested. Oblique 
views may be necessary occasionally to outline lesions that 
are masked by or superimposed over bony structures. The 
open-mouth ventrodorsal view consistently provides the 
most information by allowing visualization of the entire 
turbinate region and reducing super imposition of the 
mandibles. Radiographs should be evaluated for increased 
soft tissue density of the nasal cavity or frontal sinuses, bony 
lysis, destruction of the normal turbinate pattern, new bone 
formation, and foreign bodies (Figs. 30-20 and 30-21)* Early 
nasal tumors often are difficult to recognize radiographically 
because of their similarity to inflammatory changes* Bone 
destruction usually suggests neoplasia, although severe fun¬ 
gal or bacterial infections may also be responsible* Increased 
soft tissue density may occur in both neoplastic and inflam¬ 
matory diseases. Extension into the frontal sinus or the con¬ 
tralateral nasal cavity and destruction of the hard palate 






FIG 30-20 

Skull radiograph of an 8-year-old dog v 
adenocarcinoma. Note the increased d 
turbinate detail in the left nasal cavity. 


with o nasal 
ensify and loss of 
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associated with unilateral nasal discharge* Nasal mites 
(Pneumonyssoides caninum) may cause rhinitis, sneezing, a 
reverse sneeze, and an impaired sense of smell* They are di- 
agnosed during rhinoscopy by seeing 1- to L5-mm light yel¬ 
low mites in the nares. Other (rare) nasal parasites that cause 
rhinitis include nasal nematodes (Cap ill aria aerophila) and 
the arthropod Linguatula serrata T Diseases or syndromes 
such as ehrlichiosis, immune-mediated thrombocytopenia, 
lymphocytic-plasmacytic rhinitis, multiple myeloma, sys¬ 
temic hypertension, polycythemia vera, and hyperviscosity 
syndrome may cause epistaxis or nasal discharge and should 
be ruled out. Although rare, nasopharyngeal stenosis and 
choanal atresia cause nasal obstruction and should be ruled 
out as differential diagnoses for neoplasia. 


FIG 30-21 

Frontal sinus view of the dog in Fig. 30-20, Note the 
increased density of the frontal sinus on the right. This may 
represent neoplasia or Fluid accumulation that has occurred 
secondary to obstruction of drainage caused by the nasal 

disease. 


MEDICAL MANAGEMENT 


Therapy for nasal tumors is directed at control of local dis¬ 
ease, Reported treatment options include surgical debulking, 
surgical debulking combined with radiation therapy, radia¬ 
tion therapy alone, iridium implants, chemotherapy (ie„ I 
vincristine for transmissible venereal tumor [TVT]), im¬ 
munotherapy, and cryosurgery Radiotherapy appears to be 
the most effective treatment for nasal tumors. Most studies 
have investigated orthovoltage irradiation (125 to 400 keY), I 
although occasional studies have reported the use of mega- I 
voltage x-irradiation (more than 1 keV), T he optimum 
dosage and method of delivery have not been determined. 
Radiotherapy of nasal tumors in cats may he as effective or 

more effective than in dogs. Whether radiation therapy 
should be combined with surgical debulking is controversial. 
One reason for doing so is to improve the clinical status of 
the dog before the radiation therapy* Prior surgery may re¬ 
duce dyspnea from nasal cavity obstruction, nasal discharge, | 
and epistaxis during radiation therapy* Cryosurgery or im- | 
munotherapy has not appreciably prolonged the survival 
times of dogs with nasal tumors. Administration of piroxi- 
cam may palliate some dogs with inoperable nasal tumors. 


indicate an aggressive process* Increased soft tissue density 
in the frontal sinus without bony erosion should not be in¬ 
terpreted as neoplastic extension into the frontal sinus, be¬ 
cause obstruction of outflow secondary to a nasal tumor of¬ 
ten results in fluid accumulation there. Destruction of the 
cribriform plate may indicate extension into the brain and a 
poor prognosis. 

Plain and contrast-enhanced x-ray computed tomography 
(CT) or magnetic resonance imaging (MRI) helps define the 
extent of disease in animals with nasal tumors, both for prog¬ 
nosis and for planning radiation therapy. It may also be use¬ 
ful in patients with minimal neurologic signs but with evi¬ 
dence of destruction of the rostral portion of the calvarium* 

Laboratory Findings 

Laboratory abnormalities are uncommon. In rare cases se¬ 
vere epistaxis may cause anemia. White cell counts are sel¬ 
dom increased even with a secondary bacterial infection. 
The coagulation system should be assessed (e.g., platelet 
numbers, bleeding from venipuncture sites, presence of ec- 
ehymoses, petechiation, meiena, hematuria, or retinal hem¬ 
orrhages). Cats should be evaluated for FeLV and feline im¬ 
munodeficiency vims (FIV) infections* Imprint or brush 
cytologic studies may help differentiate inflammation from 
tumor and assist in the identification of the tumor type. 


SURGICAL TREATMENT 


Surgery as the sole treatment of dogs with nasal tumors hft 
not prolonged survival time. The poor response of dogs with 
nasal tumors to surgery is due to the advanced nature of 

most tumors at the time of diagnosis, a propensity for these 
tumors to invade bones that are inaccessible or that cannot 
be surgically removed, and lack of appreciable encapsula- I 
tion; each of which makes it almost impossible to completely 
remove the tumor. However, surgery may palliate clinical 
signs in some dogs by alleviating obstruction and epistaxis. 
Permanent tracheostomy (see p. 720) may benefit some do p 
that have severe respiratory difficulties and in which other ! 
treatment options are not feasible. I 


£ 
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DIFFERENTIAL DIAGNOSIS 


5 


Nasal tumors usually cause unilateral epistaxis or nasal dis¬ 
charge, although bilateral discharge eventually develops* 
This is in contrast to bacterial and fungal infections, in 
which the nasal discharge often is bilateral and purulent and 
may or may not be bloody. Common nasal fungal diseases, 
including aspergillosis and penicilliosis, may be diagnosed 
by identifying fungal plaques and hyphae in tissues or at cul¬ 
ture or by identifying abnormal serum titers in affected 
animals. Foreign bodies and bleeding diatheses may also he 
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Preoperative Management 

Anemic animals may benefit from preoperative blood [in¬ 
fusions (see Preoperative Concerns, p. 717) and should iv 
preoxygenated. Perioperative antibiotics may be given at in¬ 
duction of anesthesia and continued for 12 hours after sur- 
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FIG 30-22 

Anatomy of the canine nasal cavity. 
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ge ry, b ut the y ge n er a J1 y a re u n n ec essary and m ay inhibit ba c 
terial growth from tissue obtained at surgery. 

Anesthesia 

Selected anesthetic protocols for animals undergoing nasal 
surgery are provided on p. 718, Biopsy and rhinotomy are 
performed under general anesthesia. A cuffed endotracheal 
tube is mandatory for these procedures to prevent aspiration 
ot blood or fluids into the airway. Blood or hypertonic saline 
(or both) should be available in the event severe hemorrhage 
occurs. Placement of two cephalic catheters allows si mult a 
neous administration of blood and inotropes if necessary. 
Evaluation of arterial blood pressure during surgery is war¬ 
ranted, and acepromazine should be avoided. The animal 


should be extuba ted with the cuff slightly inflated to help 
remove partly aspirated blood and mucus. 

Surgical Anatomy 

The nasal cavity extends from the nostrils to the nasopha¬ 
ryngeal meatus and is separated into two halves by the nasal 
septum (Fig. 30-22). The septum is mostly cartilaginous hut 
also has bony and membranous portions. The nasal conchae 
develop from the lateral and dorsal walls of the nasal cavity. 
The air passages between the conchae arc known as mea¬ 
tuses. The paranasal sinuses include a maxillary recess, 
frontal sinus* and sphenoidal sinus. The frontal sinus occu¬ 
pies the supraorbital process of the frontal bone (see Fig 
30-22), The two sides are separated by a median septum* and 
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120-degree lens often allows visualization 


and biopsy of nasal tumors. 


Transnostril core biopsies. Transnostril core biopsies 
may be obtained using the outer protective shield of a Sov¬ 
ereign catheter with the end cut off at a sharp angle or an al¬ 
ligator forceps. To avoid inadvertent penetration of the crib¬ 
riform plate, the catheter or forceps should be measured 
w ith the tip placed at the medial canthus of the eye; these in¬ 
struments should not be advanced past this point. 


Attach the catheter (with the metal stylet removed) to a 12-mi 
syringe. Discern the location of the lesion from the radiographs 
an d adva n ce the ca theter th rough the turn or s everal times wh lie 
applying negative pressure to the syringe. After withdrawing 
the catheter from th e n aris, remove th e barrel of th e syringe 
an d add a small amoun t o f a tr to the syringe. Use this air to 
propel the tissue sample forcefully from the syringe hub onto a 
microscopic slide or info a formalin-filled container. Repeat 
sampling at various angles until sufficient tissue is obtained. 


FIG 30-23 


When biopsying masses in the caudal nasal cavity, be sure 
to ad j u st the length o f the cath e te r so a s to p re ve nt perfo ra - 
tion of the cribriform plate. When using an alligator forceps, 
grasp tissue in the area of the lesion and pull it out through 
the nostril; this technique has been the most successful tor 


Positioning for a ventral approach to the 


nasa 


in dogs each side is divided into rostral, medial, and lateral 
compartments. 

Positioning 

For a dorsal approach to the nasal cavity, the animal is posh 
tinned in sternal recumbency with a rolled towel under the 
neck. The entire head and nasal area should be clipped and 
prepared for aseptic surgery. For a ventral approach to the 
nasal cavity, the animal is positioned in dorsal recumbency 
with the mouth tied open maximally (Fig. 30-23), I he oral 
cavity is flushed with sterile saline, and the palate is swabbed 
with dilute betadine or chlorhexidine solution. 


the author. 


Nasal flushes. Nasal flushes may also he performed. 
The same catheter as described lor transnostril core biopsies 
may be used. Hemorrhage may occur after this procedure, 


but it generally is mild and transient. 


To prevent inadvertent entry into the calvarium in patients with 
bony lysis of the cribriform plate , measure the distance from 
the medial canthus of the eye to the external nans and mark 
th e catheter to correspo nd to th is length . Place go uze sponges 
above the soft palate and below the externa/ nares to collect 
fluid and tissues dislodged during flushing. Attach a 35-ml sy 

to the catheter and flush } 50 to 300 ml of saline into ihe 

nasal cavity. Evaluate the gauze sponges for the presence of 
tissue and debris. Examine the tissues cytologically and save 
samples for microbiologic examination, including fungal and 
bacterial cultures. If sufficient quantities are obtained, place 

samples in formalin for histopathologic examination. j 


SURGICAL TECHNIQUES 


n ng e 


Nasal tumors may be diagnosed by blind biopsy with alliga¬ 
tor forceps, by anterior rhinoscopy w ith biopsy, or by endo¬ 
scopic examination of choanae and biopsy of protruding 
masses, A retrospective study of 91 dogs and 27 cats that had 
undergone endoscopic examination of the choanae was re¬ 
cently reported (Willard, Radiinsky, 1999). The authors con¬ 
cluded that endoscopic examination of the choanae (see 
p. 125) may assist in rapid diagnosis of nasal neoplasms, for¬ 
eign objects, and certain infectious organisms. 


Rhinotomy 


When the aforementioned techniques do not result in a di- 
agnosis, surgical exploration and biopsy may be necessary, 
Generally, in such cases the diagnostic and therapeutic pro¬ 
cedures (rhinotomy and debulking) are combined. Intraop¬ 
erative cytologic or frozen section examination of tissues (or 
both) are helpful. Although rhinotomy may not extend the 
life of patients w ith nasal tumors appreciably, it often makes 
them more comfortable. Some surgeons prefer to perform 
temporary carotid artery ligation before rhinotomy (see 
p. 277 for technique), [f bleeding continues after surgery the 
nasal cavity can be packed with sterile gauze. If gauze strips 
are used (see p. 754), the end of the gauze can he exited from 


Biopsy 

Definitive diagnosis is made by cytologic or histopathologic 
evaluation of specimens obtained by biopsy or nasal flushing 
techniques. These procedures require that the animal be 
anesthetized and intubated with a culled endotracheal tube. 
The cuff should be inflated to prevent aspiration ol blood or 
other materials during the procedure. Visual examination of 
the palate and posterior nasal area using a flexible fiberoptic 
endoscope (flexing the scope behind the soft palate) or rigid 
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FIG 30-24 

Dorsal approach to the nasal 
cavity, A, Moke a skin incision 
from the caudal aspect of the nasal 
planum to the medial canthus of the 


incision 


orbit. Elevate a bone Flap or use 


rongeurs to remove bone, B, If a 
bone flap was made, suture it in 
place with wire or suture placed 
through prednlled holes in the bone 
flap and adjacent bone. C, If 
rongeurs were used to remove 
bone, close the periosteum and 
subcutaneous tissues, leaving a 
stoma at the caudal aspect of the 

similarly. 


/ 




' 


incision, Close the skin 


leaving a stoma. 


i 




tissue layer 


the nostril or a dorsal stoma and sutured to the side of the 


h ea I thy) and replace it after the nasal cavity has been 


ex- 


bee I he packing is removed 1 or 2 days after surgery* The 
nasal cavity may be approached through a dorsal or ventral 
approach. The dorsal approach is most commonly used for 
nasal tumors; however, the ventral approach 

explore the region caudal to the ethmoid turbinates and the 
ventral aspect of the turbinates. 

Dorsal approach to the nasal cavity and 
paranasal sinuses. Make a dorsal midline skin incision 
from the cauda/ aspect of th 
canthus of the orbit. Either or both sides of the nasal 
con be entered throug h 
'pore the fron to I sin us, ex tend th e 

(not connects the zygomatic processes of the frontal bone. In 
cite /fie subcutaneous tissue and periosteum 
cfevafe the periosteum and reflect it laterally 
both sides of /he nasa/ ca vity. ; Use a bone 
iften efevote a flop of bone 


p lored. As an a lter no five, drill a hole to one side of the nasal 

a Sfeinmann pin , Use rongeurs to enlarge the 
hole and discard the bane fragments, if necessary , extend 
the bone removal bilaterally . Gently lavage the nasal pas¬ 
sages and remove abnormal tissue . Submit tissues for histo¬ 
logic examination and culture. Use cautery ; iced so fine, or 
pressure (or all of these) to control hemorrhage, if continued 
hemorrhage is o problem , pock the nasal cavity with cotton 
gauze (see below under special instruments). if a bone flap 
was made, suture it in place with 3-0 or 4-0 wire (do not 
wire to replace the bone flop if radiation therapy is planned) 


I 


can be used to 


K 


nasal planum to the medial 


e 


cavity 

a single midline skin incision. To ex- 

i nasi on caudal to a line 




use 


>r 


placed through predrilled holes in the bone flap and adja- 


lC 


cent bone (Fig, 30-24, BJ, Close the periosteum and subcu¬ 
taneous tissues with absorbable suture materia! in a simp/e 
continuous pattern . Close the s kin routinely. If rongeurs 
used, close the periosteum and subcutaneous tissues, leaving 
a stoma at the caudal aspect of the incision. Close the skin 
similarly ■ leaving a stoma (Fig. 30-24, Cj. 




the midline. 


ii 


on 




er or 

saw to create and 

over the proposed site of entry 
mro the nasal cavity (Fig. 30-24, A). Save the bone flap (if 
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FIG 30« 25 

Ventral approach to the nasal cavity. A, Incise the mucoperiosteum of the hard palate. 
Remove tne palatine bone with a power-driven burr or ronaeurs and discard it* B, Close 
the submucosa-periosteum oF the hard palate with absorbaole suture in an interrupted 

of the hard and soft palates with monofilament, 




pattern. Close the oral mucosa 
nonabsorbable suture in a simple continuous pattern. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Ventral approach to the nasal cavity, rAcke a mid- 

line incision in the hard palate * E/evofe the mucoperiosteum of 
the hard palate laterally to the alveolar ridge . Be careful to 
spare the palatine nerves and vessels as they emerge from the 
major palatine foramen . Incise the mucoperiosteum and soft 
palate attachments to the caudal edge of the palatine bone 
and extend the incision as far caudally as necessary into the 
ft palate (full thickness). Retract the edges o f the incision with 

with a power-driven 


Vacuum suction devices and suction tips are extremely help¬ 
ful during rhino to my. Without suctioning devices, hemor¬ 
rhage often is severe enough to preclude visualization of ab¬ 
normal tissues. An oscillating saw is preferred if a bone flap 
is to be removed, otherwise a Steinmann pin 

may be used. Sterile gauze packing (e.g 
packing strip, 2 inches by 3V 2 yards) may be used to pack the 

after completion of the procedure* 


ran geu 5 
Plain Nu-Gauze 


so 


stay sutures * Remove the 
burr or rongeurs and discard if (Fig. 30-25 , A). Explore 

the nasal cavity and remove abnormal tissues . Submit tissues 
for histologic examination and culture . Close the nasal 
cosa of the soft palate with absorbable material in a 
continuous or simple interrupted pattern . Then close the 
submucosa-periosteum of the hard palate with absorbable su¬ 
ture in an interrupted pattern (Fig. 30-25, BJ. Finally close the 

oral mucosa of the hard and soft palates with monofilament f 
nonabsorbable sutures in a simp/e continuous pattern. 


nose 


i 


POSTOPERATIVE CARE 
AND ASSESSMENT 


i 


mu- 


simple 


I* 1 


c 


The airway should be suctioned to remove blood and fluid 
before extubation, and the patients should be recovered with 
their heads down to help reduce aspiration of blood* These 
animals should be closely monitored for epistaxis after sur- 
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gery or biopsy. 
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Postoperative Sedation 


Acepromoiine 

0,05 mg/kg IV or IM f max of 1 mg total dose 
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IV, Inf ravenous; IM, intramuscular. 


The hematocrit should be evaluated during and after sur¬ 
gery, and transfusions should be given if the packed cell vol¬ 
ume is below 20% (see Preoperative Concerns, p. 

These patients should be prevented from banging their 
heads on the cage during recovery. If ihey appear to be ex- 
cited or painful during recovery, analgesics may be adminis¬ 
tered (see Table 30-10). Acepromazine (low dose; Table 
30-20) may be given if the patient is normovolemic, is not 
hemorrhaging, does not have a history of seizures, and has 
been given adequate analgesics. Neurologic function should 
be assessed pos toper at ively. 

Subcutaneous air may accumulate after a dorsal approach 
to the nasal cavity if the bone flap is not replaced adequately 
or if an adequate stoma is not left in the subcutaneous tis¬ 
sues and skin for air to exit. Generally, if an adequate stoma 
is left, subcutaneous air accumulation is not a problem. The 
stoma contracts and heals within 5 to 10 days. Soft food 
should be fed tor several days after a ventral approach to the 
nasal passage, and the animal should be prevented from 
chewing on hard objects for 3 to 4 weeks until the palate in¬ 
cision is healed. 
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PIOGNOSIS 


The prognosis for dogs with nasal tumors generally is poor, 
hi patients not treated and those treated with surgery 
chemotherapy immunotherapy, and cryosurgery, the mean 
survival time generally is 3 to 5 months. Improvement in this 
survival period has been accomplished with radiation ther¬ 
apy combined with surgical debulking (see above), with 
mean reported survival times of 8 to 25 months. Animals 
with lymph node or pulmonary metastasis have shortened 
median survival times. The prognosis for carcinomas is bet¬ 
ter than for sarcomas, and adenocarcinomas appear to have 
the best overall prognosis. It is unlikely that therapy will re¬ 
sult in cure in most dogs, and more successful local control 
may had to increased detection of metastasis. Conversely 
the prognosis for cats with lymphoid neoplasia of the nasal 
cavity appears goo d. 

One unusual neoplasm associated with a much better 
long-term prognosis than those previously mentioned is in¬ 
tranasal TVT. Clinical signs associated with intranasal TVT 
are similar to other tumors of this location (epistaxis, sneez¬ 
ing), and the tumor may appear as a space-occupying mass 
in the nasal cavity. Occasionally bony lysis may be noted. If 
the tumor is localized, radiation therapy may be curative. 

• hemotherapy with vincristine is also effective in treating 
localized or metastatic TVT. 


P 
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NASAL ASPERGILLOSIS 


DEFINITIONS 


id 


Nasal aspergillosis is a condition characterized by destruc¬ 
tion of the nasal turbinates associated with large colonies of 
fungal hyphae. Masses formed by the fungal hyphae are 
sometimes called aspergillomas. 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


tion of turbinates often is present. In addition, obvious mats 
of fungal hyphae or aspergiUomas ( or both) that may look 
like masses of dried, inspissated mucous may be evident. Cy¬ 
tologic examination of the exudate or fungal mats should re- 
vea I ver y 1 a rge nu mb ers o f hyphae. 

Laboratory Findings 

False positive and false negative results occur with cytologic, 
mycologic, and serologic testing. Therefore it generally is 
recommended that at least two of the following criteria be 
met: (1) radiographic features typical of fungal rhinitis (see 
above); (2) lungal plaques on the nasal or sinus mucosa? 
(3) 'Aspergillus or PeniciUium organisms on culture, cyto¬ 
logic, or histologic examination; and (4) a positive agar 
gel immunodiffusion, counter immune electrophoresis, or 
enzyme-linked immunosorbent assay (ELISA). Different 
serologic tests vary as to their sensitivity and specificity. 
Noticing fungal plaques on endoscopy in a dog with severe 
nasal turbinate destruction is highly suggestive of this 
disease. 


Nasal aspergillosis is a relatively common disease in dogs 
and clinically may mimic nasal neoplasia (Fig. 30-26). Nasal 
aspergillosis should not be confused with systemic 
pergillosis; the latter is almost uniformly fatal. The nasal 
fo r m u sual 1 y 

paranasal si 

turbinate mucosa and bone. Invasion of the cranial vault 
may also occur. Nasal aspergillosis usually occurs without 
concomitant malignant or immunosuppressive disease. 


as- 


remains confined to the nasal cavity or 
sinus, where it causes marked destruction of the 


DIAGNOSIS 

Clinical presentation 

Signalment. Dogs with nasal aspergillosis tend to be 
younger than dogs with nasal neoplasia, but there is overlap. 
Aspergillosis is rare in brachycephahc breeds. Male and fe¬ 
male dogs are equally affected, but the disease is rare in cats. 

History. Affected dogs typically are presented for treat¬ 
ment of chronic nasal discharge, often with epistaxis. The 
owners may also note ulceration of the external nares. 

Physical Examination Findings 

Dogs may have erosion of the nasal planum associated with 
the chronic nasal discharge. The nasal discharge may be uni¬ 
lateral or bilateral and may be sanguinopurulent, mucopu¬ 
rulent, or hemorrhagic. Although most dogs have profuse 
nasal discharge, occasionally relatively sparse discharge is as¬ 
sociated with this condition. 

Radiography and Endoscopy 

Affected dogs have evidence of turbinate destruction on 
nasal radiographs. Most show associated areas of increased 
radiolucency, mimicking what may be seen in neoplasia. 
Frontal sinus osteomyelitis is also commonly noted. On 
rhinoscopy, cavernous areas caused by the marked destrue- 


NOTE * Finding a few hyphae or growing As- 
pergillus organisms from a nasal flush does not reli¬ 
ably Indicate that the dog has clinical aspergillosis. 


A small number of hyphae may be found in 


with clinical signs not associated with aspergillosis. 


DIFFERENTIAL DIAGNOSIS 


Tumors, rhinitis, nasal foreign bodies, and tooth root ab¬ 
scesses are other causes of chronic nasal discharge that must 
be differentiated from nasal aspergillosis. 


MEDICAL MANAGEMENT 


Oral administration of azole antifungal agents is effective in 
only 43% to 70% of cases, requires months of therapy, and is 
costly. Conversely, clotrimazole can be infused into the nasal 
passages and frontal sinuses of dogs. In many patients a sin¬ 
gle application is curative, but some dogs require re 
therapy. 


NOTE * This procedure should be performed with 

, because leakage of clotrimazole into the lungs 
can be associated with fatal pneumonitis. 


SURGICAL TREATMENT 


Rhinotomy and resection of the affected turbinates and as¬ 
sociated soft tissues is seldom indicated and does not cure 
aspergillosis. Canine nasal aspergillosis is most appropriate!;- 
treated by topical clotrimazole (Lotrimin). Although place¬ 
ment of tubes through the dorsal aspect of the nasal bones 
has been described for installation of antifungal drugs in the 
past, instillation through tubes placed through the oral cav¬ 
ity and nares has proved effective and eliminates the need for 
removal or trephination of bone. Placement through the 
oral cavity and nares Is described here. 


4 


FIG 30-26 

Necropsy specimen of o dog with nasal aspergillosis. Note 
the large aspergilloma and associated destruction of 
turbinates. 
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Preoperative Management 

Complications arid death may occur if the cribriform plate is 
not intact therefore a CT scan should be done before ad- 
.inistering clotrimazole therapy. 

Anesthesia 

Fhe dog is placed under general anesthesia, and the cuff of 
the endotracheal tube is checked to make sure it is fully in¬ 
flated, which prevents leakage of the infused solution into 
the trachea. 


pharynx to prevent fhe co the ter from migrating caudally and 
to absorb any infusion that might escape around the balloon. 
Remove fhe mouth gag and advance a polypropylene infusion 
catheter (10 Frenchj through each nostril. Beginning dor so - 
medially, advance each catheter into fhe dorsal nasal meatus 
to the level of the media I canth us of th e ips i lateral polpebra l 
fissure. Then , insert a Foley catheter (12 French) into each nos¬ 
tril and inflate the balloons so that they lie just caudal to and 
occlude the nostrils . With the dog in dors a I recu m bency f place 
an additionally laparotomy sponge just caudal to the upper 
incisors between the endotracheal tube and incisive papilla to 
control leakage of clotrimazole through the incisive ducts . 

Evenly divide I g of clotrimazole m 100 ml of polyethyl¬ 
ene glycol 200 (1% solution) between two 60-ml syringes. In¬ 
fuse the clotrimazole slowly over 1 hour (50 ml per infusion 
catheter). Maintain the polypropylene catheters in a horizon¬ 
tal position, parallel to the table , throughout the infusion . Ro¬ 
tate the dog's head to ensure drug contact with all nasal sur 

faces . After 1 hour place the dog in sterna/ recumbency and 
remove the catheters and sponges, allowing the clotrimazole 
to drain rostrally. Suction the pharynx and proximal esopha¬ 
gus and allow the dog to recover from the anesthesia , 


II 


Surgical Anatomy 

The surgical anatomy of the nasal cavity is described on p. 75 L 


SURGICAL TECHNIQUES 


Wltfi fhe dog in lateral or dors a/ recumbency, place a Foley 
reliefer (24 French) in to the m outh s uch that fhe ftp of fhe 
Gafoeierlies dorsal to the soft palate (Fig. 30-27). 


This process may be aided by grasping the catheter tip 

or long-handled needle 
holders so that the catheter tip is directed rostrally. 


with a pair of right-angle forceps 


POSTOPERATIVE CARE 
AND ASSESSMENT 


If necess ary, place a m qu th gag and p ulI th e tong ue ros tra ily 
to improve visualization during placement of the catheter Ad¬ 


vance the catheter until the balloon is dorsal to the junction of 
fhe fiord and soft palates . In flate the balloon of the Foley 
catheter to occlude the nasopharynxPalpate the balloon 
trough rfia soft plate to confirm its position just caudal to the 
hard palate. Place moistened laparotomy sponges in the 


The animal should be observed carefully after clotrimazole 
treatment for seizure or respiratory difficulty. Some dogs 
with advanced disease may require several I-hour infusions. 
In most dogs, nasal pain and discharge resolve rapidly, and 
the nasal erosion heals quickly 
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FIG 30-27 

For placement of tubes for nasal instillation of clotrimazole, place a Foley catheter (24 
French) Into the mouth so that the tip of the catheter lies dorsal to the soft palate. Place 
moistened laparotomy sponges in the pharynx. Remove the mouth gag and advance 
polypropylene infusion catheter (10 French) through each nostril. Then insert a Foley 
catheter (12 French) into each nostril and inflate the balloons so that they lie just caudal to 
and occlude fhe nostrils. 
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significantly related to 


water and proteoglycan values were 
biomechanical properties. Histologically, juvenile dogs also 

safranin-Q staining in their tracheal rings. 


PROGNOSIS 


be eradicated, some dogs 
signs associated with loss of normal 

turbinate structure. Owners should be warned that mild to 
moderate nasal discharge may continue in these dogs despite 
improvement in clinical signs. Bacterial rhinitis may occur 

25% of dogs after treatment, but it typically re- 
appropriate antibiotic therapy. Relapse of 
pergillosis does not appear to be a common problem. In one 
study of 43 dogs that responded to systemic and topical an¬ 
tifungal treatment, only one dog had evidence of a relapse 

(S h arp , H ar vey, Sullivan, 1991). 


Although the fungal disease can 


had a decrease in 


continue to have dim 


Henry CJ> Brewer WG, Tyler JW, Brawner WR> Henderson 
RA, Hankes GH, Royer N. Survival in dogs with nasal ade¬ 
nocarcinoma: 64 cases 


(1981-1995), / Vet Intern Med 
12:436, 1998* The case records of 64 dogs with nasal adeno¬ 
carcinoma were reviewed, and the effects ol age, gender, tu- 

of metastatic lesions, and treatment 


in up to 


as- 


mor stage, presence 
method on survival time were examined. Surgical procedure 

(rhinotomy, transnasal curettage, or no surgery), chemother- 

(fi uo ro u rac i I - cydo p hos p ha m i de co m binat ion 


a py gro u p 

therapy or no chemotherapy), and the stage of the primary 

tumor were not significantly associated with survival time 

Dogs that received radiation therapy had 

longer median survival time 

(126 days). The presence of either regional lymph node 


Reference 


si g n i fi can 11 y 


nasal aspergillosis/ 
1,1991, 


Harvey CE, Sullivan M: Canine 
penicilliosis, Comp Cant Educ Praci Vet 13:4 

Suggested reading _ 


Sharp NJH 


(424 days) than dogs that did 


not 

metastasis or pulmonary metastasis was associated with a sig¬ 
nificantly shorter median survival time (109 days) than when 
evidence of metastasis was not present (393 days)* 


CVT update: therapy for nasal as 


Davidson AP, Mathews Kt 

pergillosis, Current Veterinary flierapy XIII, Philadelphia, 2000 

WB Saunders, 


Krahwinkel DJ> Adams WH, Pardo AD, Walker MA, White 
RAS, Combined surgery and iridium brachytherapy for 
treatment of nasal neoplasms in dogs* Proceedings of the 

Annual Meeting of the American College of Veter inary r Sur¬ 
geons, 2000 (abstract)* The purpose of this study was to de¬ 
termine 

and surgical debulk in g) 
nine dogs with a mean age oi 9,9 years 
spectively. A dorsal rhinotomy with cesium 
lion therapy (50 to 65 Gy) was performed* The dogs had a 

disease-free survival time of 17,7 months (18.7 for car- 

and 15.9 for sarcomas). The 1 -year survival rate was 

i 

69%; the 2-year rate was 29%; and the 3-year rate was 22%. 


Richardson FT, Mathews Kti: Distribution ol topical agents in the 

and nasal cavity of dogs: comparison between 

a new 


fronial sinuses 


current protocols for treatment of nasal aspergillosis 
noninvasive technique. Vet Sufg 24:476 
Smith SA, Andrews G, Biller DS: Management of nasal aspergillosis 

intranasal infusion of clotri- 


ihe effectiveness of combination therapy (iridium 

in dogs with nasal tumors* Thirty- 

were studied retra¬ 


in a dog with a single noninvasive 
m azole, / Am An ins 11osp Assoc 34:487, 


Selected abstracts of recent manus cripts 


or cobalt ratila- 


Gunnarsson LK et al* Clinical efficacy of milbemycin 
oxime in the treatment of nasal mite infection in dogs, / 
Am Anirti Hasp Assoc 35:81,1999* This study evaluated the 

clinical efficacy of milbemycin oxime 
fection with the nasal mite Pneumonyssoides caninum in 


mean 


ci nomas 


in the treatment of in- 


Lana SE et al* Slow-re I ease cisplatin combined with radia¬ 
tion for the treatment of canine nasal tumors* Vfef Jtadfol 
Ultrasound 38:474, 1997* This study was designed to deter- 

at in combined with radiation in- 


done using 70 dogs with din 


dogs. A multi centric trial was 


signs associated with nasal mite infection. Twenty-five 
dogs had a verified infection, and 45 dogs had signs sugges¬ 
tive of nasal mite infection. Milbemycin oxime was ad minis¬ 


mine if slow-release rispl 

creased survival times of dogs 
The study was conducted using 13 dogs, which were given| 
combination of radiation and cisplatin. The median total 
dose of radiation was 49.5 Gy (range was 49.5 to 56 Gy), The 
median dosage of cisplatin, which was given intramuscu¬ 
larly, was 60 mg/m 2 (range was 


with malignant nasal turnon. 


dosage of 0.5 to 1 mg/kg of body weight given 


tered at a 

orally once a week for 3 consecutive weeks. One month after 
initiation of treatment, clinical signs of nasal mite infection 


had resolved in 68 of the dogs. 


60 to 100 mg/m 2 )* wlffl 
combined with radiation, this delivery system caused no sys¬ 
temic drug toxicity, and a local tissue reaction 
only two dogs. Acute side effects in normal tissue from radi¬ 
ation were not enhanced, as measured by subjective assess- 

group of historical controls 


Hamaide A, Arnoczky SP, Clarrelll MJ, Gardner K* Effects 
of age and location on the biomechanical properties ot ca¬ 
nine tracheal ring cartilage in dogs* Am } Vet Res 59:18, 
1998* The tracheas of 8 immature and 8 mature dogs were 

studied for biomechanical properties (maximal stress, equi¬ 
librium stress, equilibrium modulus, and percentage of re¬ 
laxation) and biochemical properties (water content and to¬ 
tal proteoglycan content). No significant differences 
found between the cervical and thoracic tracheal rings of ei¬ 
ther age group. However, adult dogs were found to have sig¬ 
nificantly different biomechanical values compared with ju¬ 
venile dogs* Adult dogs had higher stress and equilibrium 
values and lower relaxation values than juvenile dogs. Both 


was seen in 


ment* When compared with 
that received radiation without cisplatin, the dogs that re 
ceived combined radiation and cisplatin had longer overall 
survival times, with a median ol 580 days* The control group 
had a median survival of 325 days. Ihe authors concluded 
that by multivariate analysis, only the use of OP LA-Ft m 
found to significantly influence survival (p = 0.023), Mega¬ 
voltage radiation and slow-release c isplatin appears to be a 


were 
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we 11“tolerated combination that may favorably affect sur- 

fi -T 

vival of dogs with nasal tumors. 

Norris JL, Boulay JP, Beck KA, Diamond DW- Intraluminal 

self-expanding stent placement for the treatment of tra¬ 
cheal collapse in dogs. Proceedings of the Annual Meeting 
of the American College of Veterinary Surgeons, 2000 ( ab¬ 
stract). The purpose of this study was to evaluate the clinical 
usefulness and outcome of a self-expanding intraluminal 
stent (Wallstent) in dogs with tracheal collapse. The stent 
was placed in 17 dogs under fluoroscopic guidance. Eight 
dogs died (2 of complications during the procedure, 4 from 
congestive heart failure, and 2 developed tracheal collapse at 
areas previously unaffected). Granulation tissue formed at 
the site of the stent in 2 dogs. Stent migration was not a 
problem. The outcome was rated as excellent in 41% of the 
dogs, good in 12%, fair in 23.5% and poor in 23.5%. The au¬ 
thors concluded that intraluminal placement of the Wall- 
Stent may be beneficial in some dogs with tracheal collapse, 
particularly when placed in the thoracic trachea. 

Schachter 5, Norris CR. Laryngeal paralysis in cats: 16 cases 
(1990-1999). J Am Vet Med Assoc 216:1100> 2000. The med¬ 
ical records of cats with laryngeal paralysis were reviewed to 
determine clinical signs, physical examination findings, radi¬ 
ographic features, concurrent diseases, and the outcome of 
medical and surgical management. No breed or sex predilec- 
lion was identified. The most common clinical signs included 
tachypnea or dyspnea, dysphagia, weight loss, change in vo¬ 


calization, coughing, and lethargy. Clinical signs were evident 
for a median of 245 days. Twelve cats had bilateral laryngeal 
paralysis, and 7 underwent surgery. Of the 7 cats, 1 was euth¬ 
anized because of laryngeal stenosis 3 days after surgery, 1 
died 3 days after surgery from complications associated with 

a gastrostomy tube, and 1 was lost to follow-up. The remain¬ 
ing 4 cats had successful long-term outcomes and remained 
asymptomatic. The 4 cats with unilateral disease were man¬ 
aged medically; 3 had acceptable long-term outcomes. 


Willard MD, Radlinsky MA, Endoscopic examination of 
the choanae in dogs and cats: 118 cases ( 1988 - 1998 ), / Am 
Vet Med Assoc 2 15 : 1301999 . A retrospective study of 91 
dogs and 27 cats that had had endoscopic examination of the 
choanae was reported. The purpose of the study was to de¬ 
termine if endoscopic examination of the choanae resulted 
in diagnosis of various diseases in dogs and cats with signs of 
respiratory tract disease. In 5 dogs with neoplasia, an erro¬ 
neous diagnosis of rhinitis was made on the basis of evalua¬ 
tion of specimens obtained by endoscopy. Six clogs and 2 

the choanae; 7 foreign objects 
we re re m oved endoscop i c al I ly, a n d I requi re d nasal flushing, 
The results of endoscopy and biopsy of the choanae pro¬ 
vided diagnosis of cryptococcosis and aspergillosis but did 
not aid in the diagnosis of pythiosis or nasal mites. The au¬ 
thors concluded that endoscopic examination of the 
choanae may assist in rapid diagnosis of nasal neoplasms, 
foreign objects, and certain infectious organisms. 


cats had foreign objects in 
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CHAPTER 

Surgery of the Lower 

Respiratory System: 

Lungs and Thoracic Wall 




wmm 


GENERAL PRINCIPLES 
AND TECHNIQUES 


hemoglobin is optimally saturated and that hypoxemia does 
occur during intubation. Sedation with acetyl promazine 
should be avoided in severely affected patients because it 

hypotension. Anticholinergics can be used in animals 
with bradycardia (i.e., a heart rate below 60 beats/minute). 
Nitrous oxide should he avoided in patients with respiratory 
compromise. Opioids may cause severe respiratory 
sion and should be administered only when oxygen can be 
provided. Endotracheal intubation must be accomplished 
rapidly in animals with respiratory dysfunction, and anesthe¬ 
sia should be maintained with an inhalation anesthetic (it, 




r i ot 




causes 


DEFINITIONS 


of the chest wall; it may be 


Thoracotomy is surgical incision 
performed by incising between the ribs (intercostal or lat¬ 
eral thoracotomy) or by splitting the sternum (median ster¬ 
notomy), Pulmonary lobectomy is removal of a lung lobe 
(complete) or a portion of a lung lobe (partial). Pneu¬ 
monectomy is removal of all lung tissue on one side of the 


i so il u r an e> s e vofl urane, or hal ot bane; Table 31-1). In com¬ 
promised animals, intubation of a bronchus rather than the 
trachea may be disastrous, therefore both sides of the chest 
cavity should be auscultated to ensure proper placement of 
the endotracheal tube. It may be difficult to maintain an ad- 

animals with severe pulmonary 


thoracic cavity. 


PREOPERATIVE CONCERNS 


Animals with traumatic lesions that impair respiration 
(e.g., flail chest ) or those with acute respiratory impairment 

(he., ru 

require emergency stabilization (e.g 
segments, thoracentesis, oxygen therapy) before surgery. 
Equipment for thoracentesis and chest tube placement 
should be readily available, and clinicians should be famil- 


equate depth of anesthesia 
disease with inhalation anesthetics alone; supplementation 


ptured bullae, ruptured pulmonary abscess) often 

stabilization of rib 


. All animals with open chest 


with opioids may be necessary 
cavities require intermittent positive pressure ventilation (in¬ 
cluding those with diaphragmatic hernias). High ventilatory 

should be avoided in patients with chronically col- 

pulmonary bullae. For spe- 


(see p, 790). With large neoplastic 


iarwith these techniques 


press u re s 

lapsed lung lobes, pneumonia, 
cific anesthetic recommendations for animals with flail chest 


lesions, positioning the animal in sternal recumbency, or in 
lateral recumbency with the affected side down, and pro- 

nasal insufflation or oxygen cage) often 


pectus excavatum, see pp. 771 and 780, respectively. 


viding oxygen y.e 
is beneficial. Blood gas analysis or evaluation with pulse 

in patients undergo- 


or 


oxhnetrv is warranted 

t 

ing thoracic surgery to detect and define the severity of res¬ 
piratory impairment. Unexplained abnormalities should be 
investigated, because ventilatory impairment caused by 

urgically correctable disease (he., diffuse micrometas- 

identified. If possible, anemia should 


NOTE • Do not use mask or chamber induction in 
animals with respiratory dysfunction. Use anesthetics 
that allow for rapid Intubation and control of the pa¬ 
tients airway. Preoperative administration of preser- 

i vativeTree morphine epidi 
five pain management. 


non-s 

tasis) occasionally is 
be corrected before surgery. 


assists in postopera- 


ANESTHETIC CONSIDERATIONS 


Thoracotomy procedures often cause substantial pain, 
and postoperative analgesic therapy is indicated. Placing 
bupivacaine in the thoracic cavity after thoracic closure (in¬ 
terpleural) or performing an intercostal nerve block (Le., di- 

and inject dorsally and ventrally in the 


Pulmonary neoplasia or other space-occupying lesions may 
prevent normal lung expansion and cause hypoxemia. With 

pneumonia or em 

disturbances are common, 
function, oxygen may be administered by face mask or nasal 

insufflation 


physematous lesions, ventilation/ perfusion 

In animals with respiratory dys- 


vide bupivacaine 

cised intercostal space and two intercostal spaces cranial ami 


m- 


before induction ot anesthesia to ensure that 
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TABLE 31-1 


TABLE 31-2 






Selected Anesthetic Protocols for Animals 
With Respiratory Dysfunction 


Local Anesthesia after Thoracotomy in Dogs 4 


* Interpleural bupivacaine (2 mg/kg) 

OR 

* Intercostal bupivacaine (2 mg/kg] 

OR 

* Dose may be split and half given inlerpleurally and half 
injected fntercostally (see text) 


For stable (nonarrhythmk, nondyspneic] animals 
Premedication 


Oxymorphone* (0.05*0.1 mg/kg SC or JM) 


Induction 


Thiopental (10-12 mg/kg IV) 


or propofol (4-6 mg/kg iV) 
or give diazepam (0.27 mg/kg IV] and ketamine 
(5 5 mg/kg/ IV] combined and titrated to effect 

Maintenance 

Isoflurane, halothane, or sevoflurane 

For dyspneic, non arrhythmic animals 
Induction 


* Bupivacaine has been used in a similar fashion for cats but at re¬ 
duced dosages. 


f , TABLE 31-3 


Selected Analgesics for Dogs and Cats after Thoracotomy 


Diazepam (0.2 mg/kg IV] followed immediately with 

thiopental (10-12 mg/kg/fV) 1 or propofof (4-6 mg/kg 
IV) or give diazepam (0.27 mg/kg IV) and ketamine 
(5.5 mg/kg IV) combined and titrated to effect 


Qxymorphone (Numorphan) 

0.05-0.1 mg/kg IV or tM every 4 hours (as needed) 

Butorphanol (Torbutof, Torbugesie) 

0.2-0.4 mg/kg IV, IM, or SC every 2 to 4 hours (as needed) 


Ma/ntenance 

Isoflurane, ha loth a ne, or sevoflorane 

For dyspneic, arrhythmic animals 
Induction 

Diazepam (0.2 mg/kg IV) followed by etomidate 

(1-3 mg/kg IV) 1 

Maintenance 

Isoflurane or sevoflurane 


Buprenorphine (Buprenex) 


5-15 (xg/kg IV 


JM every 6 hours (as needed) 


or 


IV, Intravenous; IM, intramuscular; SC, subcutaneous. 


progressively worsening dyspnea and tachypnea. Hypoxemia 
develops and persists despite intense oxygen therapy. Contrary 
to the experience in human beings, in whom RPE usually is uni¬ 
lateral and therefore not life-threatening, the condition is rap¬ 
idly fatal in most animals. Reoxygenation of chronically col¬ 
lapsed lungs is thought to release superoxide radicals, which 
cannot be effectively scavenged, resulting in increased pul¬ 
monary capillary permeability and pulmonary edema. Chroni¬ 
cally collapsed lung tissue may have decreased mitochondrial 
superoxide dismutase and cytochrome oxidase activity. Prophy¬ 
laxis and therapy of patients with RPE are difficult and poorly 
understood. Reexpansion of chronically collapsed lung tissue 
should be accomplished slowly (i.e., the thorax may be dosed 
with one or two lung lobes collapsed, allowing them to reex¬ 
pand slowly), and high ventilation pressures (i.e., above 25 cm 
H 2 0) should be avoided. Current recommendations for treat¬ 
ing RPE include the use of positive end-expiratory pressure 
ventilation and drugs that stabilize pulmonary capillary mem¬ 
bra nes (1.e., methyIprednisolone). A number of other pharma- 
eeutical agents currently are under investigation, but conclusive 
evidence of their beneficial effects is not yet available. 


“Use 0.05 mg/kg in cats. 

T Can add oxymarphone (0.5-0.1 mg/kg IV) in dogs as pad of the 
induction and reduce the etomidate or barbiturate dose. 

SC, Subcutaneous; IM, intramuscular; !V f intravenous. 


taudal to the incised space) may reduce postoperative pain 
and promote improved ventilation in the postoperative pe 
hod (Table 31-2). Patients given bupivacaine in terp leu rally 
should be placed with the affected side down for 20 minutes. 
Injectable analgesics may also be used (i.e., oxymorphone, 
hutorphanol, or buprenorphine; Table 31-3). Although opi¬ 
oids are respiratory depressants, their analgesic effects often 
outweigh their negative respiratory effects. If hvpoventila- 


NOTE • If a morphine epidural has been adminis¬ 
tered perioperative!/, a jx-agonist (e.g., Fentanyl, mor¬ 
phine, axymorphone) should be used postoperatively. 


tion occurs after administration of these drugs, oxygen 
should be given by nasal insufflation. 

Pulmonary edema f reexpansion pulmonary edema; RPE) 
may develop in some animals with chronically collapsed lung 
lubes after surgery that allows reexpansion. Although the origin 
of RPE is. unknown and probably multifactorial, it does not ap¬ 
pear to be associated with cardiac failure. Beginning usually 
within a few hours after surgery, the patient typically develops 


NOTE * Avoid high ventilation pressures in patients 
with chronically collapsed lung lobes. 


t )bst ruction of bio o d flow i n th e p ul mo nary vase u la t u re 
hv a thrombus or an embolus formed in the systemic venous 
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ribs, sternum, and vertebra! column form the thoracic skele¬ 
ton. The sternum is composed of eight impaired bones and 
forms lire floor of the thorax (Fig, 31-1). The first and last 
stemebrae are known as the manubrium and xiphoid, 
speetively. There are usually 13 pairs of ribs. The tenth, 
eleventh, and twelfth ribs do not articulate with the sternum 
but instead form the costal arch bilaterally. The cartilaginous 
portion of the thirteenth rib terminates free in the muscula¬ 
ture. The space between the ribs, known as the intercostal 
space, generally is two to three times as wide as the adjacent 
ribs. Blood supply to the thoracic wall is provided by the in¬ 
tercostal arteries, which lie caudal to the adjacent rib in con¬ 
junction with a satellite vein and nerve. A typical intercostal 
nerve begins where the dorsal branch oi the thoracic nerve 
divides and runs distally among the fibers of the internal in¬ 
tercostal muscle. In most intercostal spaces, intercostal ves¬ 
sels and nerves are covered medially only by pleura. I 

The muscles of the thorax not only serve a structural 
function but also are important in respiration. The deepest 
muscles of the thoracic wall are the intercostal muscles, The 
fibers of the external intercostal muscle arise on the caudal 
border of each rib and run caudoventrally to the cranial bor¬ 
der of the next rib. This muscle is important primarily in in¬ 
spiration. The internal intercostal muscles, on the other 
hand, run from the cranial border of one rib to the caudal ] 
border of the preceding rib, primarily functioning to aid 
pi rat ion. Other inspiratory muscles are the scalenus, serratus 
dorsalis cranial is, leva to res costarum, and diaphragm. Addi¬ 
tional expiratory muscles include the rectus abdominis, ex¬ 
ternal abdominal oblique, internal abdominal oblique, 


system or right side of the heart is known as pulmonary 
thromboembolism (PTE). It may occur as a complication of 
a number of diseases (c.g,> neoplasia, cardiac disease, sepsis, 
immune-mediated hemolytic anemia, hyperadrenocorti- 
cism, and protein-losing nephropathy or enteropathy), and 
because of the lack of specif city of signs, it is diff cult to di¬ 
agnose antemortem. In cats, clinical signs associated with 
PTE include lethargy, anorexia, weight loss, and difficulty 
breathing (Norris, Griffey Samii, 1999). In dogs, clinical 
signs of vomiting, melon a, fever, labored breathing, and 
lethargy have been reported (Johnson, Lappin, Baker, 1999). 
Risk factors for PTE that have been identified include ad¬ 
ministration of corticosteroids, chemotherapeutic agents, or 
blood; indwelling catheters; and recent surgery. Pulmonary 
thromboembolism should be suspected in animals with tho¬ 
racic radiographic changes suggestive of uneven distribution 

of blood flow between lung lobes; nuclear perfusion scintig¬ 
raphy may help confirm the diagnosis. 


re- 


ANTIBIOTICS 


Animals with underlying pulmonary disease 
pulmonary contusions) are at increased risk of developing 
pulmonary infections. These patients should be monitored 
carefully, and prophylactic antibiotics (e.g., cefazolin; Table 
31-4) should be provided, or therapeutic antibiotics should 
be initiated at the earliest sign of infection (i.e., leukocytosis 
or fever or both). Amikacin, ceftizoxime, enrofloxacin, and 
gentamicin have been suggested as rational choices for treat¬ 
ment of suspected infectious lower respiratory tract disease 
of dogs, before identification of the causative agent or agents 
and before the results of susceptibility rests become available 
(Angus, Jang, Hirsch, 1997). 

Appropriate use of prophylactic antibiotics depends on 
the length of surgery, the type of surgery being performed, 
the animal's immune status, and the underlying disease 
process. Young, healthy animals undergoing thoracotomy 
for relatively short procedures (e.g., ligation of a patent duc¬ 
tus arteriosus} generally do not require prophylactic antibi¬ 
otics. Debilitated animals undergoing thoracotomy 

al of large neoplastic lesions (which may contain focal 
areas of necrosis) are likely to benefit from prophylactic an¬ 
tibiotic therapy. Prophylactic antibiotics should be given in¬ 
travenously at induction of anesthesia and generally discon¬ 
tinued within 12 to 24 hours. 


ex~ 


Second 


Xiphoid 

process 


stemebra 


re- 


SURGICAL ANATOMY 


T he thoracic cavities of dogs and cats are compressed later¬ 
ally therefore the greatest dimension is dorsoventral The 


Costal 


TABLE 31-4 


arch 


Thirteenth 


Pe r i o p e rat ive An t ib io t i c Tl i era py 


Cefazolin 

20 mg/kg given intravenously at induction; repeat once 
or twice at 4“ to 6-hour intervals 


FIG 31-1 

Sternal anatomy. 
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the type of thoracotomy performed, a large area should be pre¬ 
pared for aseptic surgery to allow extension of the incision ii 
needed. Depending on which left lobe is affected, a left lateral 
thoracotomy at the fourth, fifth* or sixth intercostal space pro¬ 
vides adequate exposure for lobectomy ( fable 31-5). A left 
fourth intercostal space thoracotomy allows exposure of the 
right ventricular outflow tract, main pulmonary artery, and 
ductus arteriosus. Bilateral removal of the pericardial sac can 


serratus dorsalis caudal is, transver- 


transversus abdomin is 
sus costarum, and iliocostalis. 


\ 


The lungs of dogs and cats have deep fissures that create 
distinct lobes, which allow the lungs to alter their shape in 
response to alterations in the shape of the thoracic cavity 
(i,e„ that caused by diaphragmatic movement or flexion or 
extension of the spine). These fissures also allow individual 
lobes to be isolated and removed without compromising the 
integrity of the surrounding lobes. The left lung is divided 
into a cranial lobe, with a cranial and caudal part, and a cau¬ 
dal lobe (Fig, 31-2}. The right king is larger than the left and 
is divided into cranial, middle, caudal, and accessory lobes 
(see Fig. 31-2). The cardiac notch is a small area overlying 
the heart where lung tissue is nol interposed between the 
heart and body wall, it usually is located at the ventral aspect 
of the fourth intercostal space and is larger on the right side. 

The pulmonary arteries carry non aerated Wood from the 
right ventricle of the heart to the lungs, and the pulmonary 
veins return aerated blood from the lungs to the left atrium. 
The left pulmonary artery lies cranial to the left bronchus, 
whereas the left pulmonary veins are ventral to it. On the 
right side, the pulmonary artery lies dorsal and slightly cau 
dal to the right bronchus, and the pulmonary veins lie cram 
bdorsal and ventral to it; 


TABLE 31-5 


Recommended Intercostal Spaces for Thoracotomy* 


LEFT 


RIGHT 


4,5 


4,5 


Heart 

PDA 

PRAA 

Pulmonic valve 


4 


4 


4-6 


4-6 


4,5 


Cranial lobe 
Middle lobe 
Caudal lobe 
Esophagus 
Cranial 
Caudal 

Cranial vena cava 
Caudal vena cava 


4,5 


5 


5(6) 


5(6) 


3,4 


7-9 


7-9 


(4) 


4 


(6-7) 


6-7 


SURGICAL TECHNIQUES 


Thoracotomy 

rhoracotomy maybe performed by incising between the ribs 
or by splitting the sternum. The approach used depends on the 
exposure needed and underlying disease process. Regardless of 


Modified from Orton EC: Thoracic wall Slatter D, editor: Textbook 
of small animal surgery, ed 2, Philadelphia, 1993, WB Saunders, 

parentheses Indicate alternative surgical sites, 

PDA, Patent ductus arteriosus; PRAA, persistent right aortic arch. 
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FIG 3 1 "2 

Subdivisions of the canine and feline lung lobes. 
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PART Ell Soft Tissue Surgery 


tie the remaining sutures. Tie all the sutures before you 

the rib approximator or towel clamp. Suture the serro- 
tvs ventralts, scalenus , and pectoralis muscles in a continuous 
patfern with absorbable suture m uterial. Appose the edges of 
the la ft ss / m us dor si m usd e si mi lady. Rem o ve res idual a ir from 
the thoracic cavity using the preplaced chest tube or on over 
the-needle catheter (see p, 790). Close the subcutaneous fis¬ 
sues and skin in a routine fashion * 


be difficult from this approach, A right intercostal thoracotomy 
provides exposure of the right side of the heart (auricle, atrium, 
and ventricle), cranial and caudal venae cavae, right lung lobes, 
and azygous vein. Median sternotomy affords exposure to both 
sides of the thoracic cavity. Bilateral, partial lobectomy is easily 
performed from a median sternotomy; however, complete 
lobectomy often is difficult* The caudal vena cava, main pul¬ 
monary artery, and both sides of the pericardial sac can be iso¬ 
lated and manipulated through this approach. A loose bandage 
should be placed on the thorax after surgery. 


re¬ 


move 


Median sternotomy. When performing median ster¬ 
notomy, two or three sternebrae should be left intact tra- 
nially or caudally (depending on where the lesion is located: 
to reduce postoperative pain and prevent delayed healing 
caused by sternebral shitting, If exposure of the lungs or 
heart is necessary (i.e 0 in dogs with spontaneous pneu¬ 
mothorax or for pericardiectomy), the sternotomy should 
extend from the xiphoid cartilage cranially to the second or 
third sternebra. If exposure of the cranial mediastinum is 
desired, the sternotomy should extend from the manubrium 
caudally to the sixth or seventh sternebra. 

With the dog in dorsal recumbency, incise the skin on the mid- 
line over the sternum. Expose the sternum by a combination of 
sharp incision and blunt dissection of the overlying muscula¬ 
ture . Transect the sternebrae longitudinally on the midline wfl| 
□ hone saw, chisel and osteotome , or bone cutters (Fig. 31-6). 
in young animals, heavy scissors may be adequate; however, 
avoid crushing the bone. Splitting the sternebrae on the mid 
line facilitates closure. Take care that the underlying lung and 
heart are not damaged while completing the sternotomy. 
Place moistened laparotomy sponges on the incised edges of 
the sternebrae and retract the edges with a Finochietto rib re¬ 
tractor if a chest tube is to be placed, do so before closing fte. 
sternotomy Do not exit the tube from between f/ie sternebrae; 
exit it from between the ribs or through the diaphragm , Cose 
the sternotomy with wires (dogs larger than approximately J j 
Icgj or heavy suture (cats and dogs smaller than approximately 

15 kgj placed around the sternebrae (Fig , 3 ? -7). Suture the 
subcutaneous tissues in a simple continuous pattern ab¬ 
sorbable suture. Remove residual air from the thoracic cavity 
and close the skin routinely. I 

Partial Lobectomy 

Partial lobectomy may be performed to remove a focal lesion 
involving the peripheral one half to two thirds of the lung 
lobe or for biopsy. Partial lobectomy may be performed 
through a lateral fourth or fifth space intercostal thoraco- 
to my or median ster n o to my* I 

Identify the lung tissue to be removed and place a poire* j 
crushing forceps across the lobe proximal to the lesion /fig, j 
3 1 - 8, A ) r Place a con tin uo us, o ve rlapp ing pa tfern of ab¬ 
sorbable suture (2-0 to 4-0) 4 to 6 mm proximal to the for- 1 
ceps (Fig, 31-8 , B). A second row of sutures may be placed 1 
in a similar manner. Excise the lung between the suture lines 1 
and clamps , leaving a 2- to 3-mm margin of tissue distal 
to the sutures (Fig, 31 -8 f C), Oversew the lung in a simple I 


NOTE * Be sure to count your sponges at the start 
of the surgical procedure and before closure of the 
thoracic cavity. This helps to ensure that you do not 
leave a sponge in the thoracic cavity* 


Intercostal thoracotomy. the dog in lateral 
cumbency, select the site far incision. Locate the approximate 
intercostal space and sharply incise the skin , subcutaneous 
tissues, and cutaneous trunci muscle. The incision should ex¬ 
tend from just below the vertebral bodies to near the ster¬ 
num. 


Deepen the incision through the latissimus dors/ muscle 

with scissors (Fig. 31-3, A ) f then palpate the first rib by plac¬ 
ing a hand cranially under the latissimus dorsi muscle. Count 
back from the first rib to verify the correct intercostal space . 
The ribs cron ia I to a n in ter cos tal incision are more easily re¬ 
tract eel than the caudal ribs , therefore choose the more cau¬ 
dal space if you must choose between two adjacent inter¬ 
costal spaces. Transect the scalenus and pectoral muscles 
with scissors perpendicular to their fibers, then separate the 
muscle fibers of the serratus ventral is muscle at the selected 
intercostal space (Fig. 31-3, BJ, Near the costochondral 

junction, place one scissor blade under the external inter¬ 
costal muscle fibers and push the scissors dorsally in the cen¬ 
ter of the intercostal s pace to incise the muscle (Fig. 31-3, C). 
Incise the internal intercostal muscle similarly. Notify the 
anesthetist that you are about to enter the thoracic cavity 
and, after identifying the lungs and pleura , use closed scis¬ 
sors or a blunt object to penetrate the pleura. This allows air 
to enter the thorax, causing the lungs to collapse away from 
the body wall. Extend the incision dorsally and ventrolly to 
achieve the desired exposure. Identify and avoid incising the 
internal thoracic vessels as they course subpleurally near the 
sternum. Moisten laparotomy sponges and place them on 
the exposed edges of the chest incision . Use a Finochietto re¬ 
tractor to spread the ribs (Figs. 31-3, D and Fig. 31-4). if fur¬ 
ther exposure is needed, a rib adjacent to the incision can 
be removed; h o wever, th i s is $ eldam req u i red. tf a chest tube 
is to be placed, do so before closing the thorax. The tube 
should not exit from the incised intercostal space* 

C/os e the th orocotomy by prep loci ng fa ur to eigh t s u tv res 
of heavy monofilament absorbable or nonabsorbable suture 

(3-0 to No. 2, depending on the animals size) around the 
ribs adjacent to the incision (Fig. 31-5, A) . Approximate the 

ribs with a towel clamp or rib approximator or have an as¬ 
sistant cross two sutures to appose the ribs (Fig. 31 -5, B ), then 
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FIG 3 1 -3 

Intercostal thoracotomy. A, Sharply 

trunci muscle. Deepen the incision through the latissimus dorsi muscle with 
C, Transect the scalenus, pectoral, serratus ventralis, and intercostal muscles. D, Use a 
Finochtetto retractor to spread the ribs. 
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FIG 31-4 

Finochietto retractors. 
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FIG 31-5 

A, Close the thoracotomy by preplacing four to eight sutures of heavy monofilament suture 

around the ribs adjacent to the incision, B, Approximate the ribs with a towel damp 

the ribs. Tie the remaining 






or rib 


approximator or have an assistant cross two sutures to appose 
sutures. 






If air leaks or hemorrhage 


does not extend beyond the edges 

noted, place a simple continuous pattern of absorbable 

suture along the lung margin. The stapling devices compress 
tissue lo a thickness of 1.5 mm (3.5-mm staples) or 2 mm 
(4.8-mm staples). Avoid stapling excessively thick or Abiotic 

in large air leaks or hemor 




continuous pattern with absorbable suture (3~Q to 5 0; Fig. 

31S, Dj. Replace fhe lung in the thoracic cavity and fill the 

ith wormed, sterile saline solution. Inflate the 

air leaks . Remove the fluid 


L 


are 


chest cavity wi 
lungs and check the bronchus for 

before closing the thorax . 








lung, because this may result 
rhage. Check the lung for leaks and close as described above 


Partial lobectomy may also be performed with stapling 

thoracoabdominal [TA] stapler; Fig, 31-9), The 

comes in various sizes, which produce 

90 mm long. Select the staple 

the width of the lung so that the staple line ex- 
the entire width of the lung to be removed but 




devices (e.g 

stapling equipment 

staple lines 30 mm, 55 mm, or 




‘ i 


Complete Lobectomy 

Complete lobectomy is best performed through a lateral 
thoracotomy. If the lung contains a large amount of puru¬ 
lent material, prevent excessive fluid from draining into Lie 






size based on 


tends across 
















L 



























C h ap te r 31 Stt rgery of the Lower R esp i ra to ry Sys te n i 






r 




r j 




m 


1* 


w 






* 


J 


uf ^ 








0 






k 




*.r - 




« 






. * 








x 








FIG 31 -7 

Depending on the animal's st 2 e, dose a sternotomy with 
wires or heavy suture placed around the sternebrae. 


FIG 31-6 

When performing a median sternotomy, transect the 
sternebrae longitudinally on the midline with a bone sow, 
chisel and osteotome, or bone cutters. 
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PIG 31-8 

Partial lobectomy may be performed through an intercostal thoracotomy or a median 
sternotomy. A, Identify the lung tissue to be removed and place a pair of crushing forceps 
iroxima! to the lesion, B, Place a continuous, overlapping suture pattern proximal to the 
creeps, C, Excise the lung between the suture lines and clamps. D, Oversew the lung in a 
simple continuous pattern with absorbable suture. 
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HEALING OF THE LUNGS 
AND STERNUM 


After multiple lobectomies or partial lobectomy of several 
lobes, expansion of the remaining lung may occur in an at¬ 
tempt to restore normal lung volume, therefore exercise in¬ 
tolerance may decline in some animals with time after pneu¬ 
monectomy, The healing of median sternotomies has been a 
matter of concern; however, if several stemebrae are left in¬ 
tact and the closure is performed properly, these incisions 
heal readily and without complication even in animals with 
pvo tho r ax. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


FIG 31-9 

Appearance of lung lobes after partial lobectomy using 
stapling device. 


Absorbable or nonabsorbable suture material can be used 
for complete lobectomy; however, braided, multifilament, 
nonabsorbable suture (e.g., silk) should be avoided if infec¬ 
tion is present. Finochietto rib retractors, Sat in sky damps 
(for clamping the bronchus), and right-angled forceps (such 
as Mix ter forceps | also known as gallbladder or gall duel for¬ 
ceps or thoracic forceps] ) arc useful when performing tho¬ 
racic surgery (Fig, 31-11). A bone saw is recommended tor 
median sternotomy, particularly in medium or large dogs. 
Va c u u m s net i o n d e v ices fa cil i t a te re n i ova loft he fl u id p laced 
in the chest to identify air leaks. Thoracoabdominal (TA) 
staplers are also useful for lobectomies. 


proximal bronchi and trachea by clamping the bronchus 
near the hilus before manipulating the lobe. Similarly, torsed 
lung lobes should be removed without untwisting the pedi¬ 
cle to prevent release of necrotic material trapped in the lung 
(see p. 779), Dogs can survive acute loss of up to 50% of 
their lung volume; however, transient respiratory acidosis 
and exercise intolerance may occur. 

identify the affected lobe 

the remaining lobes with moistened sponges (laparotomy or 
4 X 4$ f depending on the animal’s size), identify the 
lature and bronchus to the lobe (Fig, 31-10, A)> Using blunt 

dissection, isolate the pulmonary artery supplying the affected 
lobe and pass a ligature of nonabsorbable or absorbable 

ture (2-0 or 3-0) around the proximal end of the vessel, Do 

not compromise the lumen of the parent vessel from which this 
vessel arises. Place a second ligature in a similar fashion dis¬ 
tal to the site where the vessel is to be transected. A transfixing 
suture may be placed between these sutures proximal to the 
transection site to prevent the first suture from being inadver¬ 
tently dislodged. Transect the artery between the distal two lig¬ 
atures. Ligate the pulmonary vein in a similar fashion. identify 
the main bronchus supplying the lobe and clamp it with a pair 
of Sotinsky or crushing forceps proximal and distal to the 
looted transection site (Fig, 31-10, B/. Sever the bronchus be¬ 
tween the clamps and remove the lung . Suture the bronchus 
proximal to the remaining clamp i 

mattress pattern (Fig. 31-10, C) or, in cots and small dogs, 
place o transfixing ligature around the bronchus. Before re¬ 
moving the clamp, secure a suture in the bronchus distal to 
the clamp , and after removing the clamp, oversew the end 
of the bronchus in a simple continuous suture pattern (Fig, 
31-10, D). Fill the chest cavity with warmed, sterile saline 
lution. Inflate the lungs and check the bronchus for air leaks , 
Before closure, check lungs that have been "packed off* to 
make sure they reinflate and are not twisted. Remove the fluid 
an d close th e ches t as des cribed abo ve . Stapling devices may 
be used for complete lobectomy, but make sure the bronchus 
and vessels are adequately ligated by the staples. 


lobe s and isolate them from 


or 


POSTOPERATIVE CARE 
AND ASSESSMENT 


vascu - 


Respiration should be monitored closely once the animal 
begins ventilating on its own. If respiratory excursions are 
judged to be inadequate, the chest should be evaluated to 
verify' that residual air was removed after chest closure If 
there is any doubt, thoracic radiographs should be exam¬ 
ined fo r e v i d en ce o f p neumo t ho rax (see p. 800). Biood gas 
analysis can help evaluate the adequacy of ventilation in 
these patients. If the animal is hypoxemic, oxygen should be 
administered by nasal insufflation or by placing the animal 
in an oxygen-enriched environment. Animals with severe or 
progressive hypoxemia should be evaluated for pulmonary 
edema. Inadequate ventilation in some animals may be due 
to pain. Median sternotomy may result in decreased venti¬ 
lation compared with that seen with intercostal thoraco¬ 
tomy (Albrecht, Gay wood, Stobie, 1995). Administration of 
analgesics in such patients is needed and should be consid¬ 
ered in all patients undergoing thoracotomy procedures 
(see p. 760). Hypothermia is common after thoracic sur¬ 
gery; warm water bottles and circulating water or warm air 
blankets should be used to rewarm these patients, I 


su- 


se- 


con tin uous h orizon tal 


in a 


so- 


NOTE • if the animal hypoventilates postopera- 
tively, thoracic radiographs are indicated to rule out 
pneumothorax, hemithorax, and pulmonary edema, 
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FIG 31*10 

Complete lobectomy. A, Ligate and transect the vasculature to the affected lobe. B, Clamp 
the main bronchus with a pair of Satinsky or crushing forceps; sever the bronchus between 
the clamps and remove the lung. C. Suture the bronchus in a continuous horizontal mattress 
pattern. 0, Oversew the end in a simple continuous suture pattern. 
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FIG 31-11 

Right-angled forceps lupper) and Satinsky clamps fiowerj. 






i- 






t 


>t 


















iiifM 






































































































































770 


PAR I' 111 Soft Tissue Surgery 


COMPLICATIONS 


Popilskis S et a!: Epidural versus intramuscular oxy morpheme anal¬ 
gesia after thoracotomy in dogs, Vet Surg 20:462,I99L 
Rustomjee T, Wagner A T Orton C: Effects of 5 cm of water positive 
end-expiratory pressure on arterial oxygen tension in dogs dur¬ 
ing and after thoracotomy, Vet Surg 23:307, 1994- 
Sweet DC, Waters DJ: Role of surgery in the management of dogs 
with pathologic conditions of the thorax, II, Compend Cont Educ 
PractVet 13:1671,1991, 

Waters DJ, Sweet DC: Role of surgery in the management of dogs 
with pathologic conditions of the thorax-1, Compend Coni Educ 
PractVet 13:1545,1991. 


The major complication of partial or complete lobectomy 
is air leakage or hemorrhage (or both)- Minor air leaks 
usually seal, but massive air leaks or severe hemorrhage 
require reoperatio-n. Subcutaneous fluid accumulation at 
the ventral aspect of the thoracotomy incision occasion¬ 
ally occurs but can be avoided by carefully dosing the dis¬ 
tal musculature (Le„ serratus ventralis and pectoralis 
muscles). With median sternotomy, adequate closure and 
leaving several sternebrae intact prevents delayed healing 
or nonunion of ihe sternebrae, Postoperatively, lame¬ 
ness associated with pain and severing of ihe latissimus 
dorsi muscle is common but usually resolves within 1 to 

2 days. 




: m 


SPECIFIC DISEASES 




• '• -iS 


THORACIC WALL TRAUMA 


NOTE * Monitor these animals closely In the early 
postoperative period for pneumothorax or hemotho¬ 
rax or both. 


DEFINITION 


Flail chest occurs when several ribs on both sides of ihe 
point of impact are fractured such that the fractured seg- 
men t moves para doxi cally with re s p ira t ion. 


SPECIAL AGE CONSIDERATIONS 


Uptake of inhalation agents in pediatric patients (i.e., those 
y o u nge r than 12 we e ks o f a ge) may b e m o re rap id than in 
adults, and the level of anesthesia mav fluctuate more read- 

«■ ; * • t 

ily in these patients; therefore extra care should be used 
when anesthetizing them. Young animals are particularly 
prone to hypothermia when the chest cavity is opened. 
Temperature regulation, blood glucose requirements, and 
fluid and electrolyte replacement should be aggressively 
managed in these patients. Geriatric patients with compro¬ 
mised pulmonary function and/or decreased cardiovascu¬ 
lar capacity may also have abnormal uptake of inhalation 
anesthetics. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Thoracic wall injury may be due to blunt trauma (e.g„ 
motor vehicular accidents, being kicked by a horse) or 
penetrating trauma. The most common causes ol pene¬ 
trating injuries of the thorax in dogs are bite wounds and 
gunshot injuries- Both blunt and penetrating trauma may 
cause extensive soft tissue damage of the thoracic wall 
(Fig. 31-12). Although soft tissue damage is rarely the 
cause of major morbidity or mortality, in some animals it 
may be the only external evidence of severe thoracic 
trauma. Occasionally pain associated with muscular tears 
may lead to altered respiration because the animal is un¬ 
willing to breathe deeply. Unless associated with pul¬ 
monary parenchymal damage, alterations in ventilation 
that lead to hypoxemia seldom occur with chest wall 
trauma. 

Subcutaneous emphysema may occur with both blunt 
and penetrating trauma but usually is of little significance. 
This occurs when air is forced into subcutaneous tissues 
and dissects along muscular and fascial planes. The air 
may reach the subcutaneous tissues through a disruption 
of the pleura and intercostal muscles, by direct communi¬ 
cation with an external wound, or as an extension ol me 
diaslinal emphysema. Treatment of subcutaneous m 
should be directed at its cause. Similarly, isolated rib frac¬ 
tures are seldom associated with major morbidity. Occa¬ 
sionally rib fractures produce sharp fragments that may 
injure a major vessel or lacerate the lung- Rib fractures 
may interfere with ventilation if the animal splints the 
thorax in an attempt to reduce pain by reducing motion of 
the fragments. 
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Flail chest occurs when several ribs on both sides of the 
point of impact are fractured such that the intervening rib 
segments lose their continuity with the remainder of the 
thorax (Fig. 31-13), Paradoxical movement of the chest wall 
occurs during respiration as a result of intrapleural pressure 
changes; the fractured segment moves inward during inspi¬ 
ration and outward during expiration. Respiratory abnor¬ 
malities in patients with flail chest may be severe and may 
include decreased vital capacity, reduced functional residual 
capacity, hypoxemia, decreased compliance, increased air¬ 
way resistance, and increased work of breathing. These ab¬ 
normal respiratory parameters were once thought to L>e due 
primarily lo the movement of the flail segment; however, it 
is now believed that the underlying lung damage and hy¬ 
poventilation from chest pain are more important factors in 
the development of respiratory insufficiency, 

DIAGNOSIS 

Clinical Presentation 

Signalment, Thoracic wall trauma may occur in dogs 
or cats of any age but is most common in young animals 
prone to trauma. 

History. A history of trauma may or may not be ob¬ 
tained. The animal may be presented for evaluation of respi¬ 
ratory distress, reluctance to move because of pain, depres¬ 
sion, lethargy, and/or anorexia. 




FIG 31-12 

Thoracic radiograph of a dog that was 
Note the large defect between the ribs on the right side of 
the thorax. 


by a horse. 


FIG 31-13 

With flail chest, paradoxical movement of the chest wall occurs during respiration because 
of intrapleural pressure changes; (A) the fractured segment moves inward during 
inspiration and (B) outward during expiration. 
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PART II! S oft Tissu e Su rgery 


Physical Examination Findings 

Animals that have suffered thoracic trauma should be ex 


contusions and flail chest; however, because long-term me¬ 
chanical ventilation may not be possible or practical in many 
veterinary patients, stabilization of the rib 
cated (see below). Stabilization may prevent further damage 
to intrathoracic structures, improve pulmonary ventilation, 

and reduce pain associated with movement of fragments. 


amined for the possibility of delayed-onset cardiac ar¬ 
rhythmias. Cardiac arrhythmias, particularly premature 
ventricular contractions and ventricular tachycardia, may 

after either blunt or penetrating thoracic trauma and 


occur 

often occur with little or no external evidence of chest in- 


SURGICAL TREATMENT 


jury. These arrhythmias 
after the trauma and may be associated with myocardial 
contusion, myocardial ischemia that occurs secondary to 
shock, or neurogenic injuries that result in sympathetic 
overstimulation. Cardiac contusions frequently are over¬ 
looked in injured patients because (1) attention is directed 
toward visually obvious injuries, (2) there is no external ev¬ 
idence of thoracic trauma, or (3) there is no evidence ol 
thoracic trauma at the initial examination. Cardiac func¬ 
tion, therefore, should be evaluated frequently in most 

trauma patients. 


Rib fractures seldom require surgical treatment; however, 
multiple rib fractures may cause a defect in thoracic wall 
continuity (he., concavity) that warrants 
Also, open stabilization of rib fractures may be indicated il 
concurrent intrathoracic trauma requires surgery Flail chest 
generally is managed by placing an external splint over the 
thorax to stabilize the fractured segment (see below). 


surgical repair. 


Preoperative Management 

If possible, animals with pulmonary contusions should be in 
stable condition before surgical repair of rib fractures. Shock 
treatment (i.e., fluids and antibiotics, with or without corti¬ 
costeroids) should be initiated if necessary Kasai oxygen 
maybe beneficial, and antibiotics are indicated if pulmonary 
contusions or hemorrhage is present. If a flail segment is 
present, placing the animal with the affected side down may 
be beneficial. 


Radiography and Ultrasonography 

Thoracic radiographs of animals with trauma should he 
carefully evaluated for the presence of pulmonary hemor¬ 
rhage and contusions or pneumothorax. Rib fractures are 
easily missed on thoracic radiographs if careful attention i 
not paid to the rib contour, particularly if the fractured seg¬ 
ment is minimally displaced. Both radiographic views 
should be evaluated. Evidence of other bony 
be sought by carefully examining the vertebrae, scapulae, 

and proximal forelimbs. 


JS 


Anesthesia 

A splint may be applied to the flail segment of some animals 

intercostal nerve block (see p. 760), rather than gen¬ 
eral anesthesia. See anesthetic recommendations on p. 760 
for animals with respiratory disease. If general anesthesia is 
required, refer to the anesthetic protocols and comments on 
p. 76T 

Positioning 

For rib fractures and flail chest, the lateral thorax encom¬ 
passing the fractured ribs is clipped and prepared aseptially, 


t rau ma sh o old 


NOTE * Evaluate thoracic radiographs of dyspneic 
animals carefully to differentiate tntraparenchymal 
damage (i.e., contusion or hemorrhage) from pnem 

mothorax. 


Laboratory Findings 

Laboratory findings are nonspecific. Blood gas analysis may 
show hypoxemia and respiratory acidosis (resulting from hy¬ 
poventilation) or alkalosis (resulting from hyperventilation). 


SURGICAL TECHNIQUES 

Rib Fractures 


Place a small intramuscular pin through the proximal Irag- 

canal. Reduce the fracture ord 

drive the pin into the distal fragment. Exit the pin through ffa 

cortex and bend the ends slightly to help prevent migration. 
As an alternative , use cere I age wires or cross pins . m 


DIFFERENTIAL DIAGNOSIS 


meat and info the 


morrow 


R ib fract u re s may oc c u r se co ndary to n e oplas ia o r in feet i o us 
processes; however, these lesions generally are accompanied 
by lysis or proliferation of the adjacent bone. 


Flail Chest 


MEDICAL MANAGEMENT 


Secure the affected ribs to a sheet of plastic splinting mate¬ 
ria/ (e.g rf Orthoplast) that has been mo/dec/ fo conform to fne 

thoracic wall (Fig. 31-14), Using a Steinmann pin, place 

holes in the splinting material large enough to pass /lie se¬ 
lected suture (see below) through. Place sutures rircumferem) 

d the affected ribs . Pass foe suture ends through 
foe predrilled holes and tie securely. As an alternative , ab- 

rods may be substituted for the plastic Splinting 


Most animals with thoracic wall trauma can be stabilized 
ithout surgery. Antibiotic therapy is indicated in patients 
with marked pulmonary contusion or hemorrhage. Concur¬ 
rent pneumothorax should be identified and treated (see 

800). If the animal is dyspneic, supplemental oxygen 
should be provided. With flail chest, initially the rib segment 
be immobilized by positioning the patient w r ith the af¬ 
fected side down. Mechanical ventilation rather than surgery 
is the treatment of choice in human beings with pulmonary 


w 


P- 


tially aroun 


can 


mmum 

mate rial . 
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FIG 31-14 

To repair flail chest, secure the affected ribs to a sheet of plastic splinting material. P 

sutures circumferentially around the affected ribs and through holes in the splinting 
material. 








SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Suggested reading 


Olsen D et ah Clinical management of Hail chest 

retrospective review of 24 cases (1989-1999), Proceedings of the 
American College of Veterinary Surgeons, 2000 (abstract). 


in dogs and cats: a 


For application of a splint i 


in animals with flail chest, 
hrge monofilament suture (2-0 to No, 2, depending on the 
animals size.) with an attached large, curved needle, A Stein- 
nunn pin and pin chuck are also needed. For rib fracture 
pair, small IM pins and cerclage wire are needed 


use 


re- 


PULMONARY NEOPLASIA 


■*» 


POSTOPERATIVE CARE 
AND ASSESSMENT 


DEFINITION 


Animals with thoracic trauma should be monitored closely 

in the postoperative period for hypoventilation and 

mo thorax. Analgesic therapy is warranted in these animals 

bee p. 760). See p, 768 for additional comments on the 

postoperative management of animals with respiratory dis¬ 
orders. 


Primary pulmonary neoplasms originate in pulmonary tis- 

mass or in rare cases may be 


pneu- 


s u es < 

multicentric, 


mav arise as a s 




GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


PROGNOSIS 


Primary pulmonary neoplasia is less common 


metasta- 

neoplasia in dogs and cats. The diaphragmatic lobes 
most frequently involved> with the right lung lobes 
often allected than the left. Classification of primary lung 


The prognosis for animals with thoracic wall trauma 
iiJv depends on the amount of concurrent pulmonary 
cardiac trauma* Most rib fractures heal without 


tic 


a j-i 


are 


or 




more 


s uige r y 
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PART III Soft Tissue Surgery 


tumors usually is based on the predominant histologic pat¬ 
tern) because specific anatomic localization of tumor origin is 
not always possible, and more than one tumor type may be 
present. Adenocarcinoma is the most common histologic 
type found in dogs and cats; squamous cell carcinoma and 
anaplastic carcinomas are less common. Primary pulmonary 
tumors of connective tissue origin (e.g., osteosarcoma, fi¬ 
brosarcoma, hemangiosarcoma) are rare. Although most pul¬ 
monary tumors are malignant, benign tumors (he., papillary 
adenoma, bronchial adenoma, fibroma, myxochondroma, 
and plasmacytoma) have been reported. Pulmonary neo¬ 
plasms are highly aggressive and tend to metastasize early. 
Most anaplastic carcinomas and squamous cell carcinomas 
have metastasized at the time of diagnosis, whereas approxi¬ 
mately half of adenocarcinomas have done so. Metastasis is 
often to the lung itself or to regional lymph nodes or both. 

Metastatic pulmonary neoplasia is an important differ¬ 
ential diagnosis for nodular lung disease. Tumors with a 
high likelihood of resulting in pulmonary metastasis include 
mammary carcinoma, thyroid carcinoma, hemangiosarcoma, 
osteosarcoma, transitional cell carcinoma, squamous cell car¬ 
cinoma, and oral and digital melanoma. 

DIAGNOSIS 

Clinical Presentation 

Signal merit* The average age of dogs and cats with pri¬ 
mary lung tumors is over 10 years. Anaplastic carcinomas 
tend to occur at a slightly younger age (8 to 9 years) lban 
adenocarcinomas. There does not seem to be a gender or 
breed predilection, although boxers maybe overrepresented. 

History* Nearly 25% of dogs with pulmonary neoplasia 
are asymptomatic at the time of diagnosis (i.e., pulmonary 
neoplasia is an incidental finding when thoracic radiographs 
are evaluated for an unrelated problem}. If clinical signs are 
present, the owner may report that they have been apparent 

fo r we eks to m o n th s, 


FIG 31*15 

Thoracic radiograph of an 11 '/ 2 -year-old German shepherd 
dog with a bronchogenic cyst in the left cranial lung lobe. 
Surgical excision was performed through a median 
sternotomy approach. 




no 31-1 6 

Thoracic radiograph of a dog with pulmonary squamous cell 
carcinoma. Note the miliary appearance of the pulmonary 
infiltrate. This tumor could be confused with Fungal or 
heartworm disease radiographically. I 


Physical Examination Findings 

The most common clinical finding in dogs with primary pul¬ 
monary neoplasia is a nonproductive cough; other signs in¬ 
clude hemoptysis, fever, lethargy, exercise intolerance, weight 
loss, dysphagia, and anorexia. Lameness may be associated 
with metastasis to bone or skeletal muscle or to development 
of hypertrophic osteopathy. Weight loss, lethargy, and dysp¬ 
nea were the most common clinical signs In cats with pri¬ 
mary lung tumors (Hahn, McEntee, 1997); respiratory signs 
may be present in as few as one third of affected cats. 

Radiography and Ultrasonography 

Thoracic radiographs should be obtained in animals sus¬ 
pected of having pulmonary neoplasia (Pig, 31-15), The 
most common finding with primary pulmonary neoplasia 
in dogs is a solitary nodular density in the periphery of a 
dorsocaudal lung lobe. Multiple, miliary lesions are less 
common (Tig. 31-16). The radiographic pattern may be clas¬ 
sified as solitary nodular, multiple nodular, or disseminated- 
infiltrative. Multiple, discrete lesions within a single lobe or 


multi pie lobes usually represent metastatic neoplasia rather 
than multicentric primary neoplasia. 


NOTE • Because of the lack of respiratory signs in 
many animals with lung tumors, take thoracic rcdi 
ographs whenever you are presented with a color 
dog with unexplained clinical signs of long duration. 


Radiographs should include ventrodorsal and both right 
and left lateral recumbent views. Lung lesions may go unde¬ 
tected in recumbent lateral radiographs when the affected 
lung is dependent because of the increased opacity of 
surrounding lung tissue. Thoracic radiographs are relatively 
insensitive indicators of pulmonary neoplasia* because nod¬ 
ules must be at least I cm in diameter to be reliably recog¬ 
nized. Radiographs should also be evaluated for sternal or 
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distant primary tumor (e.g„ limb osteosar¬ 
coma). An intercostal thoracotomy is preferred over median 
sternotomy, because it provides adequate exposure tor 
lobectomy and lymph node biopsy. Partial lobectomy should 
be performed only when the tumor is located at the periph- 
of the lung lobe; otherwise, total lobectomy should be 
performed. Thoracoscopy is a valuable tool for determining 
whether pulmonary metastasis is present before a thoraco¬ 
tomy particularly if the presence of metastasis is an impor¬ 
tant factor in determining whether resection ot the pul¬ 
monary mass should be performed. 

Preoperative Management 

Preoperative management of patients with pulmonary neo¬ 
plasia and dyspnea is similar to that for other animals with 
respiratory diseases (see p. 760), It the mass is Large, posi¬ 
tioning the animal with the affected side down may improve 

ventilation. 

Anesthesia 

See anesthetic management of patients with respiratory ab¬ 
normalities, p, 760, 

Surgical Anatomy 

See the anatomic description of the Lung lobes on p, 763. 

Positioning 

Because most neoplasms are removed through an intercostal 
thoracotomy the lateral thorax should be prepared for asep¬ 
tic surgery (see also p. 764), 


metastasis of a 


hilar lymphadenopathy and/or pleural effusion. It may be 
difficult to differentiate metastatic pulmonary neoplasia 
from pulmonary metastasis of a primary pulmonary tumor. 
Compared with primary lesions, metastatic tumors gener¬ 
ally are smaller and more well-circumscribed and usually are 

located in the peripheral or middle portions of the lung. 
Multiple nodules associated with primary lung tumors often 
consist of one large mass and smaller secondary nodules. 
When multiple nodules are nietastases, there are usually sev¬ 
eral large masses and a variety of smaller lesions. Pulmonary 

perfusion scans are 
thoracic neoplasia. However, a scan may detect lesions at the 

diaphragmatic border of the lungs that are not readily visu¬ 
alized on thoracic radiographs. 


ery 


sensitive but relatively nonspecific tor 


NOTE * To improve the likelihood of diagnosing 
primary or metastatic pulmonary neoplasia, fake a 
ventrodorsal and both lateral recumbent views. Al¬ 
ways assess radiographs of animals with pulmonary 
neoplasia for multiple masses 
ond/or pleural effusion. 


lymphadenopathy 


Laboratory Findings 

Laboratory abnormalities are nonspecific but may include 
non regenerative anemia, leukocytosis, and hypercalcemia. 


DIFFERENTIAL DIAGNOSIS 


Pulmonary neoplasia must be differentiated from abscesses 
or granulomas (e.g., fungal, heart worm). Samples can be 
collected for cytologic examination by surgical biopsy, per¬ 
cutaneous line-needle aspiration, transtracheal lavage, tho¬ 
racoscopy, and/or bronchoscopy. Fine-needle aspiration cy- 
tology is a useful, nan invasive diagnostic tool if the needle 
can be directed into the nodule. Thoracoscopic lung biopsy 
h a promising technique for obtaining lung biopsy speci¬ 
mens in a safe and minimally invasive manner. 


NOTE • Be careful how you position dogs with 

masses during induction and 


large pulmonary 

preparation. They may not be able to ventil 
place them in lateral recumbency with the normal 
(unaffected) lung down, because the weight of the 
mass may prevent lung inflation. You may need to 
dip these patients in dorsoventral recumbency. 


fci 


ate if you 


ell 


NOTE • Distinguishing severe fungal or hearfworm 
disease from military neoplasia may be difficult ra¬ 
diographically 


SURGICAL TECHNIQUES 

Thorascopic Biopsy or Partial Lobectomy 

For placement of ports, see p. 13 L 

Examine the lung lobes thoroughly for abnormalities. Position 

a ligation loop of 
25/0 1 8'inch ligature, Endobop, Ethicon, Overland Park 

Kansas) in the intrapleural space and pass a forceps through 
the ligation loop , Grasp the margin of the affected portion of 
the lung and pull the lung tissue into the ligation loop . Tighten 
the ligature around the base of the biopsy specimen or por¬ 
tion of lung to be removed . Once the ligature is secure, tran¬ 
sect the pulmonary tissue free , leaving the bgature on the lung . 

Surgical Biopsy 

Perform an in 

lung lobe . Palpate each lung lobe far additional nodules and 


MEDICAL MANAGEMENT 


in 


Surgical removal of primary pulmonary neoplasia is the 
varment of choice in small animal patients. Chemotherapy 
is routinely used for some pulmonary neoplasms in human 

beings; however, there are few 
affected veterinary patients. Adjunctive chemotherapy may 
be particularly beneficial in patients with micro metastasis at 

the time of surgery. 


i- 


commercially available ligature (e.g. 


or 


n. 


in similarly 


tight 

ado¬ 

pted 


SURGICAL TREATMENT 


of 


y 


Wide surgical resection is the treatment of choice for solitary 
nodules or multiple masses involving a single lobe it there is 
no evidence of distant metastasis or extrapleural involve- 
mem. Surgical resection occasionally is indicated for lung 


: ive ly 

nod- 

ecog- 
ial or 


intercostal thoracotomy and identify the affected 
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biopsy the hi lor lymph node for stag mg purposes. Perform a 
partial lobectomy if the tumor is loco feci at the peripheral mar¬ 
gin of the lobe / otherwise, perform a complete lobectomy. Sub¬ 
mit excised tissue for cytologic and histologic examination , If 
the neoplasm is cavitary or if there is evidence of preexisting 
pyothoraxsubmit cultures of the mass. Place a chest tube be¬ 
fore closing the thorax if there is evidence of infection or if 
pneumothorax or hemorrhage seems likely postoperatively Re- 

residual air from the pleural space after closure. 


PULMONARY ABSCESS 


DEFINITION 


localized collection of pus that of- 


A pulmonary abscess is 

ten causes cavitation in the lung. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


move 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Pulmonary abscesses are rare, but they may occur as a com¬ 
plication of foreign bodies, neoplasia, bacterial pneumonia, 
aspiration pneumonia, fungal infections, or parasites. Ab¬ 
scesses that occur secondary to neoplasia may be sterile or 
infected* The most common organisms cultured from ab¬ 
scesses associated with necrotizing pneumonia in dogs arc 
Escherichia colt , Pseudomonas spp„ and Klebsiella spp* Rup¬ 
ture of pulmonary abscesses may result in pyothorax (see 
p. 812) or pneumothorax (see p* 800). or both, In some parts 
of the country, pulmonary abscesses often occur secondary 
to inhalation or thoracic penetration of plant material ie«g f 
foxtails) that migrate through the lung. 


Avoid nonabsorbable braided suture (e.g,, silk.) it there is ev¬ 
idence of infection (see also p. 48). 


POSTOPERATIVE CARE 
AND ASSESSMENT 


The animal should be monitored postoperatively for dysp- 

Oxygen should be available. Postoperative analgesics 


n e a * 

should be given (see p. 760). Evaluation of ventilation by 
analysis of blood gas parameters or pulse oximetry is useful 
Sudden respiratory distress may be associated with hemor¬ 
rhage or pneumothorax. 


DIAGNOSIS 

Clinical Presentation 

$ i g n a I m e nt. P ulmo nary ab sc e ss es may occ u r i n d ogs o r 

cats of any age, breed, or gender. 

History, The animal may be presented tor treatment of a 
persistent low-grade fever, varying degrees of respiratory 
distress, weight loss, lethargy, and/or anemia. The duration 
of illness may vary front hours to days or even weeks. Rup¬ 
ture of a pulmonary abscess that causes pneumothorax may 

res ult in ac ute dyspnea. 

Physical Examination Findings 

Physical examination findings vary depending on whether 
pneumothorax or pleural effusion (or both) is present ‘.see 
800 and 804), Most animals are febrile, and moist rales 

may be heard over the mass. 

Radiography and Ultrasonography 

Pulmonary abscesses generally appear as nodular or cavitary 
radiopaque lesions on thoracic films. The walls of the ab 
scess are poorly defined in general. It pleural effusion is pres¬ 
ent, thoracentesis may be necessary before a definitive diag¬ 
nosis can be made. Ultrasound evaluation of thoracic masses 
may help differentiate none avatar y from cavitary lesions. 

Laboratory Findings 

leukocytosis with a degenerative left shift may be present, or 
the ieukogram may be normal. It the infection is chronic,a 
nonregenerative anemia may be present* 


PROGNOSIS 


The prognosis is favorable for dogs with well-differentiated, 
non metastasized, primary lung tumors that do not have as¬ 
sociated clinical signs. In one study such dogs had a mean 
disease-free interval of 493 days, whereas dogs with moder¬ 
ately or poorly differentiated tumors had median disease- 
free intervals of 191 days and 0 days, respectively (McNeil et 
al, 1997)* Dogs with tumors in the lung periphery or near 
the base of a lung have better survival times than those in 
which the tumor involves an entire lobe. The most impor¬ 
tant prognostic factor related to survival in dogs after sur¬ 
gery is whether lymph node metastasis has occurred. The 
prognosis for most cats with primary lung tumors is poor 
because of the advanced nature of the disease at the time of 
diagnosis and the tumors' aggressive metastatic behavior. As 
with dogs, cats with moderately well differentiated tumors 
have a significantly longer survival time than cats with 
poorly differentiated tumors (Hahn, McEntee, 1998). 


pp. 
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DIFFERENTIAL DIAGNOSIS 


Suggested read ing __ 

Faunt KK et al: Evaluation of biopsy specimens obtained during 
thoracoscopy from lungs of clinically normal dogs, Am / Vet Res 
59:1499, 1998. 


Abscesses should be differentiated from other nodular or 
cavitary pulmonary lesions (i*e., granulomas, 
infection, neoplasia) by cytologic and/or histologic exami- 
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able and remove loculated areas of exudate . Remove sheets 
of fibrin that cover the lung lobes. Place a chest tube before 
thoracic closure . 


nation of samples obtained by fine-needle aspiration or sur¬ 
gery P re operative aspiration of the mass may help distin¬ 
guish between these lesions and provide samples for culture; 
however, care should be taken to avoid causing pyothorax. 
Ultrasound often is useful in locating the appropriate 
aspiration. Some nonneoplastic lesions 
without surgery (e.g., Paragonimus infection); however, a de 
finitivediagnosis may require surgical biopsy. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


site for 


be managed 


Braided, multifilament, nonabsorbable suture (e.g., silk) 
should be avoided if infection is present. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


MEDICAL MANAGEMENT 


Initial therapy is aimed at stabilizing the animals condition if 
it is dvspnek. Thoracentesis should be performed if pleural 
fluid or air is present. Appropriate antibiotics should be given 
based on the results of culture and sensitivity testing. A broad- 
spectrum antibiotic with a good anaerobic spectrum should 
be chosen (see p, 762). Antibiotic therapy should be continued 
for 3 to 6 weeks. If pyothorax is present, chest tubes should be 
placed and the thorax lavaged (see pyothorax on p. 814). 
Some animals respond to medical management, and the ab¬ 
scess resolves. If alter several days no improvement is seen in 
the clinical signs or lung expansion or if pleural fluid is locu¬ 
lated and does not resolve, surgical intervention is warranted. 


Appropriate antibiotics should be continued for 3 to 6 weeks 
if infection is present. Pyothorax should be treated with tho¬ 
racic lavage (see p, 814), Postoperative analgesics should be 
provided (see p. 761). 


PROGNOSIS 


The prognosis for animals with pulmonary abscesses de¬ 
pends on the underlying cause. With appropriate manage¬ 
ment, the prognosis for animals with abscesses associated 
with non neoplastic disease is good. 


S uggested reading __ 

Forrester SD, Possum TW, Miller MW: Pneumothorax in a dog 
with a pulmonary abscess and suspected infective endocarditis, / 

Am Vet Med Assoc 200:351 > 1992. 

HesseUnk JW, van den Tweet JG: Hypertrophic osteopathy in a dog 
with a chronic lung abscess, / Am Vet Med Assoc 196:760, 1990. 
Teake E et al: Transthoracic tieedle aspiration biopsy of the lung in 
dogs with pulmonic, diseases, / Am Anim Hasp Assoc 27:289, 

1991. 


SURGICAL TREATMENT 


A solitary pulmonary abscess that does not resolve with 

medical therapy is 
lobectomy of the diseased lung performed through an inter- 

costal thoracotomy (see p. 764), A median sternotomy ap¬ 
proach (see p. 764) is preferred if multiple opacities are pres¬ 
ent involving both sides of the thorax. 


best managed by partial or complete 


Preoperative Management 

If the animal is dyspneic, thoracentesis should be performed 
before surgery. Antibiotic therapy should be initiated after 
the mass or pleural space (or both) have been cultured, if not 
before. 

Anesthesia 

Refer to comments and anesthetic protocols for animals 
with respiratory dysfunction on p, 760. See also specific 
comments regarding the anesthetic management of animals 
with pneumothorax on p, 803, 

Surgical Anatomy 

The surgical anatomy of the thorax is described on p. 762, 

Positioning 

See p, 764 for positioning of animals for intercostal or me¬ 
dian thoracotomy. 


LUNG LOBE TORSION 


DEFINITION 


Lung lobe torsion (LLT) is a rotation of the lung lobe along 
its long axis, with twisting of the bronchus and pulmonary 
vessels at the hi his. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Any mechanism that increases mobility of a lung lobe seems 
to favor development of a torsion (Table 31-6), Partial col- 

with pulmonary disease or trauma) 
frees it from its normal spatial relationships 

wall, mediastinum, and adjacent lung lobes. This may 
enhance mobility. Pleural effusion or pneumothorax, along 
with subsequent atelectasis ol lung lobes, can allow in¬ 
creased movement of a lobe, predisposing to torsion. Al¬ 
though LLT has been reported to cause chylothorax in dogs, 
it may be that the chylothorax caused the lung lobe torsion. 
LLT has been reported secondary to previous thoracic sur¬ 
gery, in which lung lobes are manipulated and may remain 
partly collapsed after thoracic closure. 


s 


lapse of the lung (i.e 


r 


SURGICAL TECHNIQUE 


a 


Idenfily one/ remove the diseased lung . Submit the lung for 


bacterial or fungal cultures (or both} and for histologic 


ex 


nder of the chest cavity for the 


aminofion. Explore f/?e rem a i 
presence of foreign matter. Palpate all the lung lobes that 
be reached to identify other pulmonary lesions. Free 
rooming lung lobes of adhesions so 


can 


or 


re- 


that all lobes are mov- 


Ll- 
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TABLE 31-6 






Possible Causes of Lung Lobe Torsion 


Atelectasis associated with; 

* Pneumonia 

* Trauma 

* Pneumothorax 

* Pleura] effusion 

* Manipulation during surgery 

Spontaneous 
Surgical Manipulation 

Not replacing the lobe in its proper relationship after tho 
racic surgery 


FIG 31*17 

Lateral thoracic radiograph of a dog with a torsion of the 
right middle lung lobe. Pleural fluid was removed before this 
radiograph was taken. 


Torsion of a king lobe results in venous congestion 
affected lobe; however, the arteries remain at least partly 
patent, allowing blood to enter. As fluid and blood enter the 
alveoli, lung consolidation occurs and the lobe becomes dark 
colored and firm, similar in shade to the liven The shape ot 
the affected lobe often is al tered, and it may appear displaced 
from its normal location in the thorax 
Pleural fluid usually accumulates as a result of continued ve 

nous congestion. 


disease, and the duration of the torsion. The most consistent 
finding is pleural effusion accompanied by an opacified lung 

bronchograms are present in the torsed 

lobe and can be seen extending toward the abdomen, Air 
bronchograms eventually disappear as fluid and blood fill 
the bronchial lumen. The presence of a noninflated, ra¬ 
diopaque lung lobe that persists after removal of pleural 
fluid should increase suspicion for LIT {big. 31-17)* Posi¬ 
tional radiographs using horizontal beam x-rays (lateral ae- 
cubitus or upright ventrodorsal) are often helpful. Pleural 
fluid that occurs secondary to LLT may persist around the 
affected lobe rather than fall to the dependent side. Failure of 
the lobe to reinflate in the “up,” or nondependent, hemitho- 
rax is another indication of LLT 


lobe. Initially, air 


DIAGNOSIS 

Clinical Presentation 


Signalment. Deep-chested, large-breed dogs, especially 
Afghan hounds, are more commonly affected; however five 
of 22 dogs with LLT in a recent study were toy breeds (Neath, 
Brockman, King, 2000), Lung lobe torsion in Afghan hounds 
may be associated with chylothorax (see p. 805). In large 
breeds, LLT has been reported to occur spontaneously, with¬ 
out a previous history of disease or trauma. LLT has also 
been reported in small breeds but usually occurs secondary 
to primary pleural effusion, thoracic surgery, or trauma* LLT 
is rare in cats. Middle-aged dogs are more commonly af¬ 
fected, but LLT may occur 

History, In a recent study of 22 dogs with LLT, dyspnea 
was the most common reason for examination (Neath, 


Lung lobe torsion usually causes massive 




NOTE 

pleural effusion. You may not 
radiographs until you remove the fluid. 


the torsed lung on 




Laboratory Findings 

Laboratory findings with LLT 
may reveal a sterile, inflammatory effusion or chyle, or the 
fluid may be bloody. Pleural effusion of any etiology, how¬ 
ever, can initiate a secondary LLT, making the results of pleu¬ 
ral fluid analysis variable and confusing* The appearance of 
blood in a previously 

dicate the occurrence 
may be present; however, changes in the fcukogram may re¬ 
flect the initial disease process rather than the LLT, 


in animals of any age. 


variable. Fluid analysis 


4 


Brockman, King, 2000), Coughing and hemoptysis can also 

and may be chronic in nature. Some animals may be 


o ecu r 

anorectic and depressed. There may be a previous history ol 
pneumothorax, pneumonia, or trauma or all three* 


1 : 


nonhemorrhagic pleural fluid may in- 
of LLT An inflammatory leukogram 


s 


a 


Physical Examination Findings 

Pleural effusion is consistently present in animals with LLT, 
therefore findings often include muffled heart and lung 
sounds. Other findings may include depression, anorexia, 
coughing, fever, dyspnea, hemoptysis, hematemesis, and/or 

vomiting. 

Radiography and Ultrasonography 

Thoracic radiographic changes vary depending on the vol- 

of pleural fluid, the presence or absence of preexisting 


n 


n 


u 


DIFFERENTIAL DIAGNOSIS 


b 


Disease such as pneumonia, pulmonary thromboembolism, 
contusion, neoplasia, atelectasis, hemothorax, diaphrag¬ 
matic hernia, and pyothorax can mimic radiographic 

with LLT. Bronchoscopy may aid diagnosis of 


n 


P 


P: 


changes seen 

LLT if partial or complete occlusion of the affected bronchus 
is visualized 


p: 


(Fig. 31-18). Bronchial mucosa at the site of ob- 


ai 


u m e 
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Anesthesia 

See p. 760 for anesthetic management of animals with respi¬ 
ratory abnormalities. 

Positioning 

The affected lateral thorax should be prepared for an inter¬ 
costal thoracotomy (see p, 764). 




SURGICAL TECHNIQUE 


Before attempting to deratete the affected pedicle, damp it 
wi th a non crus h ing fo rceps to pre ven t re/ease of taxi ns into 
the bloodstream. Untwisting the lobe before its removal may 
help facilitate identification of the vascular structures and 
bronchus for ligation; however, in some cases the lobe can¬ 
not be easily returned to its normal position because of 
tensive adhesions. Check the remaining lobes for position 
and normal expansion. Culture the pulmonary parenchyma 
after removal of the lobe. Submit excised tissue for histologic 
examination to help determine underlying causes pneu¬ 
monia , neoplasia). Place a chest tube before closing the tho¬ 
racic cavity. 




ex- 


FIG 3148 

Bronchoscopy of o dog with a torsed lung lobe. Note that 
•be bronchus on the right is occluded, and hemorrhage is 
draining from if 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


ruction may appear folded and edematous. Demonstration 
at l.l.T at surgery provides the definitive diagnosis. 


Avoid braided, multifilament suture because of the risk of 
infection. Large clamps, such as Satinsky damps (see p. 769), 
are useful for damping the bronchus. 


MEDICAL MANAGEMENT 


Initial therapy is aimed at stabilizing the animal s condition 
and alleviating respiratory distress before surgery. Thoracen¬ 
tesis should be performed to remove pleural fluid (see 
p. 803), Persistent or massive pleural effusion may require 
placement ot a chest tube (see p. 803), Oxygen therapy given 
by oxygen cage or nasal insufflation is beneficial to 
imals, Underlying diseases such as pneumonia should be 
identified and treated with appropriate antibiotic therapy. 
Intravenous fluid therapy is beneficial before and during 
surgery to maintain hydration. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


i 


f 


Antibiotics should be continued if there is evidence of infec¬ 
tion, and postoperative analgesics should he provided (see 
p. 761). The chest tube should be removed when the effusion 
diminishes to less than 2.2 ml/kg of body weight (see p. 793). 
Oxygen therapy may be warranted in some patients in the 
postoperative period, particularly if there is underlying lung 
disease such as pneumonia. If dyspnea remains after surgery 
thoracic radiographs are indicated to rule oul LLT in a re¬ 
maining lobe. 


so m e a n - 


NOTE * Spontaneous resolution of lung lobe torsion 
Is extremely uncommon. This is a surgical condition. 


PROGNOSIS 


is 


ITte prognosis is good for most animals with LLT if surgery 
is performed. Pleural effusion usually resolves within a 
few days of surgery unless the animal has concurrent chy¬ 
le thorax. 


e 


SURGICAL TREATMENT 


t- 


Spontdneotis correction of a torsed lung lobe is uncommon 
because of swelling of the lobe and rapid formation of adhe¬ 
sions. The treatment of choice for LLT is lobectomy of the 
affected lobe. Unless LLT is diagnosed very quickly (i.e, ? im¬ 
mediately alter a surgical procedure), damage to the pul¬ 
monary parenchyma generally is severe enough that at¬ 
tempt s t o sa 1 v a ge the lobe are n o t wa r r a n t ed. Rec ur re nee has 
been reported after surgical correction where lobectomy was 
not performed. 


i- 




i- 


m 


e- 
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Preoperative Management 

Prophylactic antibiotics are warranted in animals with LLT. 
Pleural effusion should be removed before induction of 
anesthesia in animals that have compromised ventilation. 


lie 
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Patients with PE may have abnormalities of both respira¬ 
tory and cardiovascular function. Circulatory disorders in 
animals with PE may occur as a result of abnormal cardiac 
positioning, which causes kinking of the large 
turbance of venous return; compression of die heart, predis¬ 
posing to arrhythmias (particularly the auricles); restriction 
of ventricular capacity; and diminished respiratory reserve, 
Cardiac abnormalities are also common (see below under 
Differential Diagnosis). 


Kerpsack S] el al: Chylothorax associated with lung lobe torsion 

peri ton coper [cardial diaphragmatic hernia in a cat, J Am 
Anim Hasp Assoc 30:351, 1994, 


PECTUS EXCAVATUM 


DEFINITIONS 


Pectus excavatum (PE) is a deformity of the sternum and 
costocar til ages that results in a dorsal to ventral narrowing 
of the thorax. Pectus carinaturn is a protrusion of the ster- 

occurs much less frequently than PE. 


NOTE * Although the etiology of PE is uncertain, 
multiple animals in some litters have been affected. 
Don't breed affected animals; neuter them. 


num, 


SYNONYMS 


DIAGNOSIS 

Clinical Presentation 

Signalmen*, Pectus excavatum is a 
mality in dogs and cats. In symptomatic animals clinical signs 

usually are 

cur in any breed, but brachycephafic dogs appear to be pre¬ 
disposed. A gender predisposition has not been identified. 

History. Many animals with PE are asymptomatic; how¬ 
ever, the defect often Is palpable, s 
ers to seek veterinary care 

signs (Fig. 31-20). Symptomatic animals may be presented 
for evaluation of exercise intolerance, weight loss, hyperpnea, 
recurrent pulmonary infections, cyanosis, vomiting, persist- 

and productive coughing, in appetence, and/or mild 
episodes of upper respiratory disease. A correlation between 
the severity of clinical signs and ihe severity of anatomic cr 
physiologic abnormalities has not been observed. 

Physical Examination Findings 

t he sternal deformity usually is palpable. Other physical ex¬ 
amination findings may include cardiac murmurs and harsh 


Funnel chest , chondrosternal depression , chonechondrosternon, 
ko ilos tern ia , trickterb ust 


congenital abnor- 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


present at birth or shortly thereafter. PE mayoc- 


The cause or causes of PE in animals are unknown (Fig. 
31-19). Theories proposed include shortening of the central 
tendon of the diaphragm, intrauterine pressure abnormali¬ 
ties, and congenital deficiency of the musculature in the cra¬ 
nial portion of the diaphragm. Abnormal respiratory gradi¬ 
ents appear to play a role in the development of this disease 
in some animals, because brachycephalic dogs are most 
commonly affected, many of which have concurrent hy- 
plastic tracheas. Pectus excavatum may be associated with 
swimmer's syndrome” which is a poorly characterized dis- 
of neonatal dogs in which the limbs tend to spiav later- 

ambulation. Abnormalities of the joints of 


own- 


ent 


po 


ease 

ally, impairing 
the limbs a n d th e io ng bo n es m ay al so o cc u r. 


FIG 31-19 


Lateral thoracic radiograph of a cat with severe pectus 
excavatum. The amount of depression is subjectively 
assessed based on the minimum distance between the 
vertebral column and the dorsal aspect of the sternum fa) 
the depth of the concavity (b). Note that in severe pectus 
excavatum, costocarttlages are also deformed. (From Fossum 


FIG 31-20 

Pectus excavatum in a cat. The head is pointed to ihe left, 
and a large depression is evident in the caudal sternum, 

(From Fossum TW et al: J Am Anim Hosp Assoc 25:593, 
1989.) 


or 


TW et al: J Am Anim Hosp Assoc 25:595, 1 989.) 
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true cardiac enlargement cannot always be distinguished 
from apparent enlargement due to abnormal heart position. 

Laboratory Findings 

Laboratory abnormalities are uncommon. 

J 


lung sounds. Dyspnea is variable, but rapid, shallow respira 
tions may be noted. 


NOTE • Do not assume that cardiac murmurs in an¬ 
imals with PE are due to heart disease, They may be 

due to abnormal positioning of the heart because of 
the sternal deformity. 


y 


DIFFERENTIAL DIAGNOSIS 


Diagnosis of pectus excavatum is straightforward; however, 
associated abnormalities may be more difficult to diagnose. 
Cardiac murmurs are common in patients with FF and ap¬ 
pear to be associated with the cardiac malpo si honing. These 
murmurs often disappear after surgical correction of the de¬ 
fect or a change in the patient's position. Systolic murmurs 
in some patients appear to be related to kinking of the pul¬ 
monary artery or to exaggeration of the artery's normal vi¬ 
brations caused by its proximity to the chest wall. Animals 
with PE and innocent systolic murmurs must be differenti¬ 
ated from those that have underlying cardiac defects, such as 
pulmonic stenosis or atrial septal defects. 


r 


Radiography 


Thoracic radiographs show abnormal elevation of the ster- 

the caudal thorax. Objective assessment of the de¬ 
formity may be determined by measuring the frontosagittal 
and vertebral indices on thoracic radiographs (Table 31-7;. 
The frontosagittal index is calculated by taking the ratio of 
the width of the chest at the tenth thoracic vertebra, meas¬ 
ured on a dorsoventral or ventrodorsal radiograph, and the 
distance between the center of the ventral surface of the 
tenth thoracic vertebra and the nearest point on the sternum 
(Fig. 31-21), The vertebral index is calculated as the ratio of 
the distance between the center of the dorsal surface of the 
selected vertebral body to the nearest point on the sternum 
and the dorsoventral diameter of the center of the same ver¬ 
tebral body (see Fig. 31-21). It has been proposed that the 
severity of PE be characterized as mild, moderate, or severe 

t f 

based on the frontosagittal and vertebral indices (Table 
31-8) (Possum, Boudrieau, Hobson, 1989). Such determina¬ 
tion may aid in the objective assessment ol improvement of 

thoracic diameters after surgery. 

Thoracic radiographs should be evaluated lor the evi¬ 
dence of concurrent abnormalities (i.e„ tracheal hypoplasia, 
cardiac abnormalities, pneumonia). Most animals with PE 
have abnormally positioned hearts ( Fig. 31-22), which may 
cause the heart to appear enlarged radiographically; thus, 
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ABLE 31-8 
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Characterization of Pectus Excavatum in Dogs and Cats 
Based on Frontosagittal (FS) and Vertebral (Vert) Indices 
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Normal Frontosagittal and Vertebral Indices 
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Frontosagittal 
Nonbrocbycepha/k dogs 

0.8 to 1,4 

6rochycephcifit dogs 

1 to 15 




Cats 


0.7 to 1,3 

Vertebral 

Nonhrocbycephoik dogs 

11.8 b 19.6 


FIG 31 >21 

The Frontosagittal index is the ratio between the width of the 
chest at the tenth thoracic vertebra (a) and the distance 
between the center of the ventral surface of the tenth 
thoracic vertebral body and the nearest point on the sternum 
, The vertebral index is the ratio between the distance 
the center of the dorsal surface of the tenth vertebral 
body to the nearest point on the sternum (b and c) and the 
dorsal ventral diameter of the vertebral body at the same 
level (c). (From Fossum TW et al: J Am Anim Hasp Assoc 

25:595, 1989.) 
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FRO 01-23 


FIO 31-22 


an external' splint to the ventral aspect of the 
thorax in a young dog with pectus excavatum. [From Possum 

TW et al: J Am Vet Med Assoc 1 95:91, 1989,) 


Application of 


Thoracic radiograph of a dog with pectus excavatum. Note 
the displacement of the heart caused by the sternoi 
abnormality. (From Fossum TW et al: J Am Anim Hosp Assoc 

25:595, 1989.) 


5 


Preoperative Management 


P 


MEDICAL MANAGEMENT 


Respiratory Infections should be treated before surgery. If 
the animal is severely dyspneic, oxygen should be provided 
by nasal insufflation or an oxygen cage until surgery is per¬ 
formed. Prophylactic antibiotic therapy may be given; how- 

unlikely to prevent skin infections 


Animals with merely a flat chest may contour to a normal or 
near normal configuration without surgical intervention* 
However, owners should be encouraged to regularly perform 
medial-to-lateral compression of the chest on these young 
animals. Animals with severe elevation of the sternum will 
not benefit from this technique or from splintage that sim¬ 
ply provides medial-to-lateral compression and does not 
correct the malpositioned sternum. Other medical manage¬ 
ment includes treatment of respiratory tract infections and, 
if the animal is severely dyspneic, oxygen therapy. 


T 


tf 


$ 


antibiotics 


Fc 


ever 

around the splint* Development of intrathoracic infection 
associated with surgery is uncommon. 


in 


pi 


pc 


Anesthesia 

Anesthetic management in these young animals should in- 
dude attention to the airway, ventilation, body temperature, 
and blood glucose concentration. Animals should be intu¬ 
bated; ventilation should be assisted or controlled; a high in¬ 
spired fraction of oxygen should be used; intravenously ad¬ 
ministered fluids should be warm; and fluids should contain 
glucose if serum glucose concentrations cannot be moni¬ 
tored (Table 31-9)* Also, the animal should be insulated 
from the cool surgical environment. The splint should be 
formed and fitted before anesthesia to reduce the duration of 
anesthesia. Do not use nitrous oxide in these patients be- 

of the risk of pneumothorax. Postoperative analgesia 
should be provided in puppies with butorphanol, oxyinor- 
phone, or buprenorphine and in kittens with butorphanol 
or buprenorphine (see Table 31-9). Do not use chamber or 
mask induction if the animal is dyspneic. 

Surgical Anatomy j 

The surgical anatomy of the thorax is described on p. 762, 


or 


it 


SURGICAL TREATMENT 


3) 


Application of an external splint to the ventral aspect of the 
thorax is the most common technique used to correct this 
defect in animals (Fig. 31-23)* Definitive treatment of PE 
using external splintage is possible because of the young 
age of affected patients at the time of diagnosis. The costal 
cartilages and sternum are pliable in these young animals, 
and the thorax can be reshaped by applying traction to the 
sternum using sutures that are placed around the sternum 
and through a rigid splint Soft tissues thai might be ab¬ 
normal and play a role in the development of this defor¬ 
mity probably are stretched or torn when the sternum is 

pulled ventrally Whether surgical correction of the defect 
should be performed in asymptomatic patients with mod¬ 
erate or severe PE is unknown. Symptomatic patients that 
do not have associated cardiac abnormalities will benefit 
from surgery. 
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Chapter 31 iurrerv of the Lower Respiratory System 


TABLE 31-9 


Selected Anesthetic Protocols for Repair of Pectus 
Excavatum in Young Animals that Are not Dyspneic 


Dogs 

Prwnedication 

Atropine (0,02-0.04 mg/kg SC or IM] or glycopyrollate 
0.005-0.011 mg/kg SC or IM) plus oxymorphone 
>0.05-0.1 mg/kg IM or SC) or butorphanol (0.2-0.4 
mg/kg IM or SC) 

Induction 

Use mask induction with fsoflurane or sevoflurane after 5 
minutes ol preoxygenation 


FIG 31-34 

External splint for correction of pectus excavatum. Place two 
parallel rows of four to six holes in the splint with a small 
Steinmann pin. (From Possum TW et al: J Am Vet Med Assoc 

195:91, 1989.) 


Cots 


Premeditation 

Atropine [0,02-0.04 mg/kg SC or IM) or glycopyrollate 
(0.005-0.01 mg/kg SC or IM) plus butorphanol at dose 

□bove or buprenorphine (5-15 pg/kg IM or SC) 

Induction 

Use cnamber induction with isoflurane or sevoflurane after 
preoxygenating 




jm 


f. 761 if the animal is dyspneic. 
SC, Subcutaneous; iM t intramuscular. 


Positioning 

The patient is placed in dorsal recumbency, and the ventral 
thorax is prepared for aseptic surgery. 


r, If 
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aer- 


SURG1CAL TECHNIQUE 


Fosnion o rectangu/or piece of mold able splinting material 
into o U-shape (Fig. 31 -24} and mold if to fit the ventral 
ped of the thorax. Apply a small amount of adhesive 
podding to the cranial border and i 
or, 05 an alternative, pad the splint 
if nos been positioned. Place two parallel 

the sp/mf with a small Steinmann pin (see Fig. 
J/*24J. Posfteft the holes so that the distance between ad - 
fOfenf hales is slightly greater than the width of the sternum . 
Pass (be selected suture (see below under Suture Materials 
end Specfal instruments) around the sternum by 
ing toe needle blindly off the lateral edge ol the sternum. As 
o,i afemofrve, pass the need/e around the sternebra at 
45degree angle to incorporate the costocartilage and pos- 
5 :fc'y reduce fbe chance of the suture pulling through the soft 
stemeirtil bone (Fig. 3 1 -25,1. Sutures must be placed around 
toe sternum and not subcutaneously Additionally , sutures 
ms\ be placed In the area of the greatest concavh fy. if the 

area with the greatest de- 

a normal posi - 

fort, resulting In less than optimal correction of the defect. 
Keep the needle as close as possible to the dorsal aspect of 
tie sternum to ovoid piercing the heart or lungs. Leave the 
sutere ends long a nd fag them . When ail sutures have been 


ions 


inner surface of the splint 

padding after 
rows of four to 


with cast 


i in- 

t u re, 




n 


FIG 31-25 

Sutures placed around the sfernebrae may be horizontal to 
the long axis or at a 45-degree angle. [From Possum TVV ef 

al: J Am Vet Med Assoc 195:91, 1989.) 
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placed, pass the ends through the predrilled holes in the 
splint and tie them securely on its ventral aspect (see Fig, 
31-24}. Two sutures may be placed and tied to themselves 

and then these sutures tied together so that the splint can be 
adjusted without replacement of sutures 


of anesthesia. 


or use 


teres are placed proximo/ to the 
p resston,, fbe sternum cannot be pulled into 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


iber nr 


A taper-point needle is recommended; if suture material 

e, swaged-on needle is not available, a large, eyed, 
taper-point needle should be selected (to prevent bending 
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762. 
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PART III Soft Tissue Surgery 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


and possible breakage as it is passed around the sternum). 
Large (i.e., No, 0 to No. 2), monofilament absorbable or 
nonabsorbable suture material is recommended (i.e„ poly- 
dioxanone, polyglyconate, or nylon suture). 


Primary tumors of the rib have a high metastatic rate and are 
uncommon in dogs or cats. Osteosarcomas are the most 
common neoplasm of the canine rib, followed by chon¬ 
drosarcomas; the costochondral junction is the usual site of 
origin of these tumors. Although also rare, both metastatic 
and primary tumors of the sternum have been reported in 
dogs. Primary sternal tumors of dogs include chondrosar¬ 
coma and osteosarcoma. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


The animal should be evaluated in the early postoperative 
period for in t rat hoi acre hemorrhage, because piercing of the 
heart, lung, or internal thoracic vessels as the needle is 
passed around the sternum is possible. Positioning the ani¬ 
mal in dorsal recumbency paying close attention to the 

phase of respiration, and keeping the needle as dose to the 
sternum as possible help prevent such complications. The 
splint should be left in place 10 to 21 days. 


DIAGNOSIS 

Clinical Presen fa Hon 

Signalmenf. Primary rib tumors generally develop in 
young and middle-aged dogs. Rib tumors should be consid¬ 
ered as a possible differential diagnosis for masses involving 
the thoracic wall, even in young dogs. 

H i sto r y* A n i ma 1 s w i th r i b t u m o rs m ay be p resen ted for 
evaluation of dyspnea or of a painless thoracic wall mass. 
Animals with sternal neoplasia often are presented foreval¬ 
uation of a palpable sternal mass. 

Physical Examination Findings 

Most rib tumors cause a localized swelling of the thoracic 
wall; however, pleural effusion without evidence of a 
thoracic mass occasionally occurs in dogs with small pri¬ 
mary rib tumors and metastatic pulmonary lesions. Other 
clinical signs of rib tumors are weight loss and dyspnea 
Sternal tumors usually cause a localized swelling but 
may be associated with dyspnea if they metastasize to the 
lungs. m 


COMPLICATIONS 


Suture abscesses, mild superficial dermatitis, and skin 
abrasions are common, but these usually are minor and 
heal quickly after removal of the splint. Adequate padding 
of the splint may help prevent abrasions. Fatal reexpan¬ 
sion pulmonary edema (see p, 761) has been reported in 
a kitten after correction of PE (Sonderstrom, Gilson, 

Gulbas, 1995), 


PROGNOSIS 


i 


The prognosis is excellent for animals without underlying 
disease in which surgery is performed at a young age. Older 
animals with a less pliable sternum may not respond as fa¬ 
vorably to external splintage. Partial stemectomy may bene¬ 
fit such animals (see p, 785). 


A 


l 


References 


Radiography 


Possum TVV, Boudrieau RJ, Hobson HP: Pectus excavatum in 8 
dogs and 6 cats, / Am Anim Hasp Assoc 25:595, 1989, 

Soderstrom MJ, Gilson SIX Gulbas N; Fatal reexpansion pulmonary 
edema in a kitten following surgical correction of pectus excava- 
tum, / Am Amm Hasp Assoc 3 h 133,1995. 


Rib tumors generally are expansile masses that cause bone 
destruction. Sternal tumors may also result in lysis of several 
sternebrae and the adjacent ribs. Thoracic radiographs of 
animals with neoplasia of the ribs or sternum should be 
evaluated for pulmonary metastasis, lymph node involve¬ 
ment, or pleural effusion, or all of these. 


Suggested reading 


Laboratory Findings 

Laboratory findings are nonspecific. Blood gas analysis may 
show hypoxemia and respiratory acidosis or alkalosis ibe¬ 
cause of hyperventilation ), J 


Boudrieati RJ et al: Fectus excavatum in dogs and cats, Comp Cant 

Educ Pract Vet 12:341, 1990. 

Possum TVV et al: Surgical correction of pectus excavatum using 
external splintage in two dogs and a cat, / Am Vet Med 
195:91,1989. 


DIFFERENTIAL DIAGNOSIS 


Neoplasia of the sternum or ribs should be differen¬ 
tiated from osteomyelitis, fungal infections, or abscesses 
based on cytologic or histologic findings. A tentative diag¬ 
nosis of the cell type usually can be made by fine-needle 
aspiration of the mass. Definitive diagnosis usually re¬ 
quires histologic examination of a biopsy specimen. Al¬ 
though pleural effusion is common in dogs with rib 
tumors, identification of neoplastic cells in the fluid is 
uncommon. 


THORACIC WALL NEOPLASIA 


DEFINITIONS 


Thoracic wall neoplasia may arise from the ribs, muscula¬ 
ture, or pleura. Chondrosarcomas are tumors that arise 
from cartilage, whereas osteosarcomas arise from bone. 
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Chap t er 31 Si *rgery o f the Lo wer Respira tory S\'stern 


MEDICAL MANAGEMENT 


Positioning 

With thoracic wall or sternal neoplasia, a generous area sur¬ 
rounding the tumor should be prepared for aseptic surgery. 


Medical management of animals with rib or sternal tumors 
u,e., thoracentesis if pleural effusion exists, oxygen therapy 
lor dyspnea) generally is palliative only. Pleuroperitoneal 
shunts are used in human beings with pleural effusion 
caused by terminal neoplasia; however, such use has not 


SURGICAL TECHNIQUES 

En Bloc Resection of Thoracic 
Wall Neoplasia 


been reported in dogs or cats. 


Remove the thoracic wall containing the neoplasm and a 
margin or normal tissue , leaving a square or rectangular de¬ 
fect ■ Cut a piece of polypropylene mesh slightly larger than 
the defect. Fold over the edges of the mesh and suture the 
double thickness of mesh to the pleural side of the defect 
(Fig. 31-26). Draw the mesh tightly across the defect when 
suturing it to prevent it from moving paradoxically with res- 
piration . If more than four or five ribs are removed { s upport 

rib grafts. Mobilize and 
advance the thoracic wall musculature over the defect op if 
there is insufficient muscle , exteriorize an omental pedicle 
flap through a paracostal abdominal approach and tunnel it 
subcutaneously to the defect As an alternative, exteriorize 
the omental flap through the diaphragm . Place the omenta! 
flap eve r the mesh and suture skin over the defect. For cau¬ 
dal rib tumorsadvancement of the diaphragm may be done 
after en bloc resection of the mass and surrounding tissues . 
Synthetic reconstruction of the rib cage is rarely necessary : 


SURGICAL TREATMENT 


Surgical resection of thoracic wall tumors is the treatment of 
choice Full thickness or en bloc resection of three or more 
ribs for thoracic wall neoplasia requires surgical recons true 
tion to reestablish thorac i c waU co n t i n u ity. Remo val o f m ore 
lbaxi six ribs is generally not recommended. With tumors of 
the caudal thorax, advancement of the diaphragm cranial to 
i he resected ribs reduces the need for rigid fixation of the 
thoracic wall. Partial or complete sternectomy may be cura¬ 
tive in dogs with primary sternal neoplasia. .Adthough tern 
porary instability of the thorax may occur after large sternal 
resections, this does not appear to cause any permanent or 
significant respiratory dysfunction, 
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the ribs with plastic spinal plates 
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Preoperative Management 

Thoracentesis should be performed before induction of 
anesthesia in dogs with pleural effusion associated with tho¬ 
racic wall neopl a sia. 

Anesthesia 

Sec anesthesia recommendations for animals with respira¬ 
tory disease on p, 760. 
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Partial Sternectomy 

Partial sternectomy should be considered only for relatively 
small, localized sternal neoplasms that do not appear to have 
intrathoracic involvement. 
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FIG 31-26 

Some thoracic tumors may be removed by en bloc resection of the thoracic wall. Remove 
the thoracic wall containing the neoplasm and a margin of normal tissue. Fold the edges of 
a piece of mesh over and suture the double thickness of mesh to the pleural side of the 
defect. 
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Med Assoc 210:55, 1997. Transtracheal aspirates from 264 
dogs with clinical evidence of lower respiratory tract disease 

studied in a retrospective case series, Bacteria were iso¬ 
lated from 116 of 264 samples (44%), and 203 bacterial 

identified. Most (57%) of the samples from 


Sternectomy has been used successfully for extensive ster¬ 
nal osteomyelitis. The entire sternum can be removed in 

small animals. 

Incise through the skin overlying the neoplasm (if skin in¬ 
volvement is suspected, resect the skin). Identify the rib artic¬ 
ulations on the sternum . Use rongeurs to remove the affected 
sternebrae and ribs, if possible , remove one sternebra cau¬ 
dal and one cranial to the lesion. Assess the thoracic cavity 
for involvement. Avoid lacerating the internal thoracic arter¬ 
ies; ligate them if necessary ; Appose fbe ribs and intercostal 
muscles with a large (e.g., No, 1} monofilament suture in an 
interrupted or horizontal mattress pattern. Use 
tinuous suture pattern to oppose remnants of the rectus ab¬ 
dominis muscle over the junction of the rib ends. Minimize 
dead space by apposing the skin and underlying tissues with 
alking sutures. Place a thoracostomy tube and evacuate air 
from the thoracic cavity. Place a light support wrap over the 
th o rax to pro feet th e i n ci s ion and thora cos tomy tube. 


we re 


species were 

which bacteria could be isolated contained a single species, 
whereas 43% yielded cultures of mixed species. Bacterial 
species belonging to the family Enterobacteriaceae (particu¬ 
larly Escheridua colt) were isolated most commonly (43.7%of 
samples contained members of this group), followed bv mem¬ 
bers of the genus Pasteurella (22.4%), obligate anaerobes 
(21.6%), P-hemo 1 yti c streptococci (12.1%), Bo rdetella bron - 
chiseptica (12.1%), nonhemolytic St rep to coccus/Enterococcus 
spp, group (12.1%), coagu 1 ase-positive staphylococci (9.5%), 
and Pseudomonas sp. (7.8%), The most active antimicro- 

than 90% of the isolates) for 


simple con- 


bial drugs (inhibiting more 

aerobic microorganisms encountered most often (E fo/i 
and Pasteurella sp.) included amikacin, ceftizoxime sodium, 
enrofloxacin, and gentamicin sulfate. The authors concluded 
that amikacin, ceftizoxime, enrofloxacin, and gentamicin may 
be rational choices for the treatment of suspected infectious 
lower respiratory tract disease of dogs, before identification of 
the causative agent or agents and before results of susceptibil- 

i ty tests beco m e available. 


w 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Reconstruction of thoracic wall defects should be done with 
monofilament, nonabsorbable suture (i.e„ polypropylene or 
nylon). Polypropylene (Marlex) mesh may be used for tho¬ 
racic wall reconstruction. 


Hahn KA, McEntee ME Primary lung tumors in cats; 86 

(1979-1994)* / Am Vet Med Assoc 211:1257, 1997. 


cases 

Eighty-six cats with histologically confirmed primary lung 

studied retrospectively T he goals ot the study 
to classify" the histologic type and morphology of pri¬ 
mary lung tumors in cats, to describe clinical findings in 
these cats, and to determine if clinical findings were associ¬ 
ated with the histologic type or morphology The results 
showed that weight loss, lethargy and dyspnea were the most 

clinical signs. Solitary or multiple pulmonary 

radiographs from 53 of 79 cats; effusion 
radiographs from the other 26. In 45 cats, 

single lung lobe. Caudal lung lobes 
commonly affected than were cranial lung lobes. 

65), bronchiolar- 


POSTOPERATIVE CARE 
AND ASSESSMENT 


tumors were 


we re 


Animals with surgically created thoracic wall defects should 
be monitored closely in the postoperative period for hy¬ 
poventilation or the development of pneumothorax (or 
both). Analgesic therapy is warranted in these animals (see 
Table 31-9), See p. 768 for additional comments on the post¬ 
operative management of animals with respiratory disorders. 


common 


masses were seen on 


was seen on 


PROGNOSIS 


tumors involved 


Because of the high rate of pulmonary metastasis, the prog¬ 
nosis for dogs with rib tumors is poor. In one study of 15 
dogs with primary rib tumors, more than 90% died or were 

euthanized 

Ehrhart et al., 1995). Too few sternal tumors have been re¬ 
ported to define the prognosis in affected animals. 


were more 

Tumors were classified as bronchial (n 
alveolar (9), or other (12) and as poorly differentiated (59), 
moderately differentiated (20), or well differentiated (7), 
Breed, age, gender, weight, clinical signs, duration of clinical 
signs, and radiographic findings were not associated with 
histologic type or morphology. The authors concluded that 
to identify possible occult primary lung tumors, thoracic ra¬ 
diography should be performed on cats with clinical signs of 
long duration, including weight loss, lethargy and dyspnea. 


ithin 4 months of the diagnosis (Pirkey- 


w 


; 
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Reference _____ 

Pirkey-Ehrhart N et al; Primary rib tumors in 54 dogs, } Am Anim 
Hosp Assoc 31:65, 1995. 

Sugg ested reading _ 

Possum TW et al: Partial sternectomy for sternal osteomyelitis in 

the dog, J Am Anim Hasp Assoc 25:435,1989. 


Hahn KA, McEntee ME Prognosis factors for survival in 
cats after removal of a primary lung tumor: 21 cases (1979- 
1994 ), Vet Surg 27:307,1998. The purpose of this study was 
Identify possible prognostic factors for survival time in 
cats with a primary lung tumor after surgical excision. 
Twenty-one cats were studied retrospectively. After surgical 
resection and recovery, 18 cats died from metastatic disease, 
with a median survival time of 115 days (range, 13 to 1526 
days). Only the histologic morphology of the primary lung 
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to 
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detected abstracts of rec ent manuscri pts _ 

Angus JQ lang SS, Hirsh DC; Microbiological study of 
transtracheal aspirates from dogs with suspected lower 
respiratory tract disease: 264 cases (1989-1995). ) Am Vet 
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tumor showed a significant association with survival time. 
Twelve cats with moderately differentiated tumors had a 
significantly longer survival time (median, 698 days; range, 
]9 to 1526 days) than the 9 cats with poorly differentiated 
tumors (median, 75 days; range, 13 to 634 days). The authors 
concluded that surgical resection of a solitary primary lung 
tumor in cats is indicated, A poor prognosis for long-term 
survival is warranted for cats with a poorly differentiated 
primary lung tumor. 

Johnson LR, Lappin MR, Baker DC* Pulmonary throm¬ 
boembolism in 29 dogs: 1985-1995* / Vet Intern Med 
13:338,1999, This retrospective study was performed to 
alyze clinical features, laboratory findings, imaging abnor¬ 
malities, and concurrent postmortem diagnoses in 29 dogs 
with confirmed pulmonary thromboembolism (PTE). A va¬ 
riety of dinicopathologic and radiographic abnormalities 
were noted, but there were no pathognomonic findings for 

were performed in 15 

(32%) of 29 dogs: 12 of the 15 (80%) exhibited hypoxemia, 

and all 15 had increased alveolar-arterial oxygen gradients. 
The response to supplemental oxygen administration varied 
and did not correlate with the presence or absence of addi¬ 
tional pulmonary pathology on postmortem. At post¬ 
mortem, 25 of 29 dogs (86%) had grossly visible emboli. 
Seventeen of 29 dogs (59%) had multiple disease processes, 
and !6 of 29 dogs (55%) had additional pulmonary pathol¬ 
ogy. In dogs with respiratory signs consistent with PTE, the 
condition was a differential diagnosis in 11 of 17 animals: all 
had diseases previously reported to be associated with PTE, 
Neoplasia, systemic bacterial disease, and immune-mediated 
hemolytic anemia were diagnosed most frequently* 


Twenty-two client-owned dogs with lung lobe torsion (LET) 
were studied retrospectively to identify breed disposition, 
postoperative complications, and outcome. All 22 dogs had 
pleural effusion; dyspnea was the most common reason 
examination. Fifteen dogs were large, deep-chested breeds; 5 
were toy breeds. Afghan hounds were overrepresented com¬ 
pared with the hospital population* One dog was euthanized 
without treatment; the remaining dogs underwent ex¬ 
ploratory thoracotomy and lung lobectomy. Eleven dogs re¬ 
covered from surgery without complications, but 3 of these 
later died of thoracic disease. Chylothorax was diagnosed in 8 
of the 22 dogs, including 4 Afghan hounds. T he results of the 
study suggest that LLT is rare in dogs and develops most fre¬ 
quently in large, deep-chested dogs, particularly Afghan 
hounds. Other predisposing causes were not identified, but an 
association with chvlothorax was evident, especially i n Afghan 
hounds. The prognosis for dogs with LET' was fair to guarded. 

Norris CR, Griffey SM, Samii YE* Pulmonary thromboem¬ 
bolism in cats: 29 cases (1987-1997). / Am Vet Med Assoc 
215:1650, 1999. Twenty-nine cats with pulmonary throm¬ 
boembolism (PTE) were studied retrospectively to determine 
clinical signs, dinkopathologic abnormalities, radiographic 

findings, histologic abnormalities, and predisposing factors 
or diseases* PTE was identified in cats of various ages (median, 
8.7 years), weights (median, 4.1 kg), and breeds. The most 
common owner-reported problems included lethargy (17 
cats), anorexia (14), weight loss (10), and difficulty breathing 
(8); physical abnormalities included lethargy (21), tachypnea 
or dyspnea (16), and dehydration (13). Cli nicopathologic 
abnormalities reflected concurrent or underlying diseases* 
Underlying or predisposing conditions were identified, in¬ 
cluding cardiac disease (12), neoplasia (10), corticosteroid 
administration (8), disseminated intravascular coagulation 
(5), protein-losing nephropathy (4) or enteropathy (4) 
mune-mediated hemolytic anemia (2), and sepsis (2). The 
results of the study suggest that PTE can develop in cats of 
any age, gender, or breed. The authors concluded that be¬ 
cause PTE is a serious, potentially life-threatening disease, 
it should be suspected in cats with thoracic radiographic 
changes suggestive of uneven distribution of blood flow 
between lung lobes, especially in cats that have predisposing 
factors or diseases* 

Olsen D, Renberg W, Perrett J, Hauptman JG, Waldron DR, 
Monnett E. Clinical management of flail chest in dogs and 
cats: a retrospective review of 24 cases (1989-1999). Pro¬ 
ceedings of the American College of Veterinary Surgeons, 
2000 (abstract). The purpose of this study was to evaluate 
the clinical aspects of conservative management and stabi¬ 
lization of the flail segment, A retrospective study of the 
medical records from five veterinary teaching hospitals was 
performed, and 24 animals with flail chest were identified 
(21 dogs, 3 cats). The authors found that most cases of flail 
chest were treated without any stabilization. It was not pos¬ 
sible from the results of this study to determine which ani¬ 
mals required or would benefit from surgery and which did 
(would) not 
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PTE. Arterial blood gas analyses 
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McNiel EA, Ogilvie GK, Powers BE, Hutchison JM, Salman 
MD, Withrow SJ. Evaluation of prognostic factors for dogs 
with primary lung tumors: 67 cases (1985-1992). / Am Vet 
Med Assoc 211:1422, 1997. A retrospective study of 67 dogs 
was performed to (1) determine associations between clini¬ 
cal and histologic factors in dogs with primary lung tumors 

develop a histologic grading method 
for primary lung tumors. Dogs with well-differentiated tu- 
n<irs had a significantly longer survival time and disease- 
free interval (DFI) (median DF1, 493 days) than dogs with 
moderately differentiated tumors (median DFI, 191 days) or 
poorly differentiated tumors (median DFI, 0 days)* Dogs 
with clinical 
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signs or metastasis to regional lymph nodes had 
shorter survival times and DFls than dogs in which lung 
t: iasses were discovered as an incidental finding. Dogs with 
wel -differentiated, nanmetastasized, primary lung tumors 
that do not have clinical signs associated with the tumor 
nave a favorable prognosis* Dogs with more advanced dis¬ 
ease or aggressive tumors histologically may require treat¬ 
ment. such as chemotherapy in combination with surgery* 
The grading method proposed here for primary lung tumors 
may be useful in other dogs with primary lung tumors. 
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Neath P], Brockman DJ, King LG. Lung lobe torsion in dogs: 
22 cases (1981-1999). / Am Vet Med Assoc 217:1041, 2000. 
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CHAPTER 

Surgery of the Lower 
Respiratory System: Pleural 

Cavity and Diaphragm 




GENERAL PRINCIPLES 
AND TECHNIQUES 




Animals with pleural effusion or pneumothorax may be 
extremely dyspneic. In severely dyspneic animals suspected of 
having pleural cavity disease, thoracentesis (see below) should 
be performed before radiographs are made. Removal of even 
small amounts of pleural effusion or air may significantly im¬ 
prove ventilation, allowing safer manipulation of the patient 


vv 






* > 


ST, 


DEFINITIONS 


The pleura is the serous membrane that covers the lungs and 
lines the thoracic cavity, it completely encloses a potential 
space known as the pleural cavity. Che parietal pleura is the 
portion of the pleura that lines the walls of the thoracic cav¬ 
ity whereas the visceral, or pulmonary, pleura invests the 
lungs and lines their fissures, completely separating the 
ferent lobes. Thoracocentesis (or thoracentesis) is a surgical 
puncture of the thoracic wall to remove air (pneumothorax) 
or fluid (pleural effusion) from the pleural space. Pleurodc- 
sis is the creation of adhesions between the visceral and pari¬ 
etal pleura by instilling irritating agents into the pleural cav¬ 
ity or mechanically damaging the pleura at surgery 


H TABLE 32-1 
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Normal Heart Rate (HR) and Respiratory Rate (RR) 
in Conscious Dogs and Cats 


i 
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KR/MINUTE 


HR/MINUTE 


t 


2040 


70440 


i 


2040 


Cat 


145*200 


a 


F 


PREOPERATIVE CONCERNS 


t 


TABLE 32-2 


Respiratory function should be carefully monitored in pa¬ 
tients with pleural cavity or diaphragmatic abnormalities. 
Qualitative assessments of respiratory function include 
monitoring the respiratory rate and pattern and the capillary 
refill time and color (Tables 32-1 and 32-2), Animals with 
pleural cavity disease usually have a restrictive respiratory 
pattern fi.e., rapid, shallow respirations). Arterial blood gas 
analysis can augment qualitative information about the ef¬ 
fectiveness of ventilation and gas exchange (Table 32-3). 
Pulse oximetry is a noninvasive tool that measures the he- 

■i 

moglobin saturation of the blood and thus indirectly pro¬ 
vides quantitative information about oxygenation. Cardio¬ 
vascular parameters (i.e., heart rate and rhythm) should also 
be evaluated (see Table 32-1). An electrocardiogram (ECG) 
should be performed in all trauma patients to defect ar¬ 
rhythmias associated with traumatic myocarditis, intra¬ 
venous fluids should be provided to dehydrated animals or 
those that are not drinking sufficient fluids to maintain hy¬ 
dration. Care should be taken to avoid causing overhydra- 
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Normal Capillary Refill Time 
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Less than 1-2 seconds 
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TABLE 32-3 
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Normal pH and Blood Gas Values on Room Air 


co 


RANGE 


VALUE 


m 


(7,35-7.45) 

(80-110) 

(3545| 


pH 


7.4 


PaG 


95 mm 


tiv 


2 


PvO 


40 mm Hg 

40 mm Hg 
45 mm Hg 


2 


PaCO 

Pvco 2 

Hcor 


2 


pa 


(40481 

(22-27) 


ab 


wi 


raj 


pH, Hydrogen ion concentration; Pa0 2 , arterial oxygen concentre- 
tion; Pvo 2f venous oxygen concentration; PaC0 2r arterial carbon 


tian and pulmonary edema, which further compromise res- 


ga* 


pi rati on. Monitoring the central venous pressure may be 


dioxide concentration; PvCO?, venous carbon dioxide concentration; 


ga i 


useful in some patients. 


, bicarbonate. 


HCO 
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anesthetics; therefore when it is discontinued, it rapidly 
diffuses into the alveoli, which may result in diffusion 
hypoxia if the patient hypoventilates. For specific anes¬ 
thetic recommendations for animals with pneumothorax 
and diaphragmatic hernias, see pp, 796 and 803, respec¬ 
tively. See also Chapter 31. 


for radiographic procedures. Most dyspneic animals allow 
thoracentesis to be performed with minimal restraint; general 
anesthetics should be avoided. The animal should be allowed 
to remain in sternal recumbency and oxygen should be pro¬ 
vided by face mask or nasal insufflation if the animal will tol¬ 
erate it. A negative tap does not rule out pleural effusion; how- 

if the animal remains dyspneic after thoracentesis, 
underlying lung disease (i.e,, pneumonia, pulmonary edema, 
pulmonary contusions, pulmonary neoplasia) or loculated 
fluid should be suspected. Providing nasal oxygen or placing 
the animal in an oxygen cage may be beneficial while treat¬ 
ment of the pulmonary disease is initiated. 


NOTE • Do not use mask or chamber induction in 
patients with respiratory distress; accomplish intuba- 

as rapidly as possible using injectable anes¬ 
thetic agents. 


ANTIBIOTICS 




NOTE ■ Do not attempt to place chest tubes or take 

phs in animals with pleural effusion that are 
extremely dyspneic —perform thoracentesis first! 


Needle thoracentesis, if performed with proper aseptic tech¬ 
nique, is unlikely to induce infection in patients with normal 
immune function, therefore prophylactic antibiotics gener¬ 
ally do not need to be provided when performing this pro¬ 
of prophylactic antibiotics in patients with 
chest tubes is controversial. Studies in human beings have 
not shown lower infection rates when patients with chest 
tubes are given prophylactic antibiotics. However, chest 
tubes must be maintained and handled with appropriate 
precautions (e.g., sterile gloves and syringes, chest bandages) 
to reduce the potential for iatrogenic contamination. Gram- 
negative bacteria and anaerobes are common isolates in an¬ 
imals with respiratory disease. Therapy of pyothorax should 
be based on culture and sensitivity test results, if possible, 
because unpredictable antibiotic sensitivity is common with 
the microorganisms commonly encountered with this con¬ 
dition, For specific antibiotic recommendations for patients 
with pvothorax, see p, 813. 


cedure. The use 


Chest tube placement should not be attempted in an an¬ 
imal with severe respiratory distress. Generally stabilization 
and improved ventilation can first be accomplished by re¬ 
nte ring so m e p 1 eur a 1 ai r o r fluid by mcan s of needle th o r a - 
cenfesis. In critically ill patients, chest tubes occasionally can 
be placed without the use of general anesthesia; local anes¬ 
thesia [i.e., local anesthetic infiltration or an intercostal 
nerve block) is sufficient. However, most animals with pleu¬ 
ral cavity disease benefit from intermittent positive pressure 
ventilation and oxygen supplementation during tube place¬ 
ment. When general anesthesia is used, control of the ani¬ 
mal’s airway (by means of endotracheal intubation and pos¬ 
itive pressure ventilation) and oxygen therapy should be 
achieved rapidly (see below), For p re operative concerns of 
patients with diaphragmatic herniation, see p, 796, 


SURGICAL ANATOMY 


ANESTHETIC CONSIDERATIONS 


Each pleural cavity is only a potential space unless air or 
thud collects between the parietal and visceral pleurae, pre¬ 
venting normal lung expansion. In a normal animal, only a 
capillary film of fluid exists to moisten the mesothelial cells 
that line its pleural surface. Therefore, except for this capil¬ 
lary fluid, the visceral pleura is in contact with the pleural 
lining of the thoracic wall. The pleura of dogs contains 
smooth muscle fibers and a network of elastic fibers and is 
more delicate than in other domestic animals. The subserosa 
is composed of collagen and elastic fibers, which in the vis¬ 
ceral pleura communicate with the underlying lung. Fluid 
secreted into the pleural cavity normally is reabsorbed by 
lymphatics underlying the parietal pleura. Thickening of the 
p! eu ra (i.e,, fibrosi n g pleuritis) may prevent reabsorptio n oI 
fluid, resulting in pleural effusion. 

Fibers of the diaphragm arise from attachments on the 
ventral surface of the lumbar vertebrae, ribs, and sternum 
and radiate toward the tendinous center (Fig. 32-1), The 
diaphragm is composed of a central tendinous portion and 
an outer muscular portion. The costal part of the di¬ 
aphragm attaches to the internal surface of the last few ribs, 
and the central portion extends eranially into the thoracic 

ca v ity. 


Whenever possible, dogs and cats with respiratory insuffi¬ 
ciency should be maintained with inhalation anesthetics 
(i.e., isoflurane or sevoflurane). Inhalation anesthesia is ad¬ 
vantageous because it allows rapid recovery and more pre¬ 
cise control of anesthetic depth than does maintaining 
anesthesia with intravenous anesthetics. Respiratory pa¬ 
tients should be managed with extreme care until intuba¬ 
tion has been accomplished and ventilation can be assisted. 
Oxygen can be provided by face mask in these patients un¬ 
til an airway has been secured. Intubation should be ac¬ 
complished as rapidly as possible in patients with pleural 
effusion or pneumothorax; mask induction is not recom¬ 
mended. Endotracheal intubation arid intermittent posi¬ 
tive pressure ventilation allow maintenance of an adequate 

patients whose lungs may not ex- 


respiratory v 

pand nor m ally b ec a use of pleural c av i t y o r diaphragmatic 
abnormalities. Nitrous oxide should not be used in patients 
with pneumothorax or diaphragmatic hernias because it 
rapidly diffuses into air-filled spaces (i 
gas-filled organs), causing further lung compression or or¬ 
gan enlargement, Also, nitrous oxide is comparatively less 
soluble in plasma than are oxygen and other inhalation 


pleural cavity or 
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Cava I 


foramen 


Pars 


costalis 


FIG 32-2 


A small-gauge butterfly needle flower) or an over-the-needle 
catheter attached to extension tubing (upper), and a three- 
way stopcock and syringe are used For needle thoracentesis. 


lected based on the physical examination or, if available, ra¬ 
diographic findings. Usually aspiration of either side of the 
thorax drains the contralateral hemithorax adequately be¬ 
cause the mediastinum in dogs and cats is thin and perme¬ 
able to fluids* With some diseases* particularly chylothorax 
and pyothorax, unilateral effusions may occur as a result of 
thickening of the mediastinum associated with chronic in¬ 
flammation (hig. 32-3). 


lumbalis 


Esophageal 


Aortic 


hiatus 


Perform thoracentesis at the sixth f seventh , or ei 
costal space , near the level of the costochondral junction 

(Fig. 32-4). Clip the selected site and perform a local ones- 


rarely the case). Aseptically pre- 


th etic block if needed (th is 


pare the site and introduce the needle into the middle of the 
selected intercostal space . Be careful to avoid the large ves¬ 
sels associated with the posterior aspect of the rib margins 
Advance the needle into the pleural space. Aspirate fluid 
while the needle is being advanced to allow prompt recog- 
nition of the appropriate depth of needle placement . W;(fi 
the bevel of the needle facing inward, orient the needle 
against the rib cage to prevent damage to the lung surface. 
Gently aspirate fluid and place 5-mi samples in on ethylene* 
diamine tetraacetic odd (EDTA) tube and a dot tube fore 

cell count and biochemical parameters , respectively. Also, 
make six to eight direct smears for cytologic evaluation * Stfi- 
mit samples for aerobic and anaerobic cultures. ■ 


FIG 32-1 


Anatomy of the diaphragm. 


SURGICAL TECHNIQUES 


Treatment of pleural cavity disease varies* depending on 
the underlying etiology* For traumatic pneumothorax (see 
p* 800), intermittent needle thoracentesis may be sufficient in 
some animals to prevent dyspnea while the lung heals, but 
chest tubes occasionally are required* However, chest tube 
placement and continuous drainage of air in animals with 
spontaneous pneumothorax (see p. 801) that have undergone 
mechanical pleurodesis are recommended to allow pleurode¬ 
sis. With some types of pleural effusion (i.e., pyothorax; see p. 
812), tube thoracentesis and thoracic lavage are mandatory in 
the primary treatment of most affected animals. 


Chest Tube Placement 

Incorrectly placed or improperly managed chest tubes are 
extremely dangerous to animals. However, if precautions are 
taken to ensure that the animal cannot remove the tube pre¬ 
maturely or to prevent the animal from chewing on the tube, 
a pneumothorax should not occur. Chest tubes simplify the 
management of some animals with pleural effusion or pneu¬ 
mothorax, The choice of which side to place the chest tube 
is made by evaluating the radiographs. Occasionally bilat¬ 
eral chest tubes may be necessary; however, in most dogs and 
cats the mediastinum is permeable lo fluid or air* allowing 


Needle Thoracentesis 

Needle thoracentesis is performed with a small-gauge but¬ 
terfly needle (No. 19 to No* 23) attached to a three-way stop¬ 
cock and syringe, or an over-the-needle catheter attached to 
an extension tubing* three-way stopcock* and syringe (Fig. 
32-2). The appropriate site for thoracentesis should be se- 
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ABLE 32-4 


Guidelines for Estimating Chest Tube Size 


Cats and Dags under 7 kg 


1 4-1 6 French (Fr) 


Dags 7-15 kg 


Dogs 16-30 kg 

22-28 Fr 

Dogs over 30 kg 

28-36 Fr 


TABLE 32-5 


Important Points When Placing a Chest lube 


FIG 31*3 


* When placing additional holes in commercial tubes, 
make sure that the last hole is through the radiopaque 

line. 

* Start the chest tube dorsally rather than midthorax to 
minimize fluid ar air leakage around the tube. 

* Firmly grasp the tube 1 to 2 cm above the body wall 

when inserting the tube. 

* Clomp the tube before removing the stylet (trocar) to 
p reve n t p n eu m othora x, 

* Securely fasten all connectors to the tube to prevent in¬ 
advertent disiodgmenf 


Thoracic radiograph of a cat with unilateral pleura[ effusion 


'hat occurred secondary to chronic chylothorax. 
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of the thoracostomy tube should approximate the diameter 
of the main stem bronchus; smaller tubes may be adequate 
for removing air, whereas larger tubes may be required with 
more viscous effusions (Table 32-4). If a commercial tube is 
used, attach it by means of a flve-in-one connector (Christ¬ 
mas tree adapter) to either □ three-way stopcock or the tub- 
ing from a continuous suction device. The ends of red rub¬ 
ber feeding tubes can be cut to accommodate a three-way 
stopcock; attaching these tubes to a continuous suction de- 
vice generally is not recomm ended because of their tendency 
to collapse (Table 32-5). 


if fc* 
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FIG 31*4 

Thoracentesis is performed at the sixth, seventh, or eighth 
intercostal space, near the 

junction, 


i 


of the costochondral 


eve 


i 


drainage of both hemithoraces through a 
exception to this may be in chylothorax or pyo thorax (see 
above). 

Equipment needed for a tube thoracostomy include a 
chest tube, an apparatus to connect the tube to a syringe or 
to a continuous suction bottle, and a device to collect the 
drained material (syringe or collecting bottle). Commer¬ 
cially available tubes usually are made of polyvinyl chloride 
nr silicone rubber and are less reactive than red rubber feed¬ 
ing Lubes. Commercial tubes come with a metal stylet that 
simplifies tube placement but may increase the risk of perfo¬ 
rating lung tissue compared with red rubber feeding tubes. 
The red rubber feeding tubes usually are inserted using a 
large hemostat or Carmalt clamp. Commercial chest tubes 
come in various sizes ranging from 14 to 40 French. The size 


Clip and prepare the la feral thorax for aseptic surgery. To al¬ 
low su ffid e n t dr a i n age t p lace o ddi tiona I holes in the tube by 
bending th e fufoe and removing o no tch wi th a pair of s ter - 


* 


tie scissors (Fig. 32-5}. 


Holes should not be larger than one third the circumfer¬ 
ence of the tube. 




If using a commercial tube with a radiopaque line , place the 
last hole through the line to allow identification of its position 
on a thoracic radiograph. Make a small skin incision in the 
dorsal one third of the lateral thoracic wall at the level of the 
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PIG 32-7 


PIG 32-5 


Secure the tube with a Chinese finger-trap or Roman sandal 

suture. 


For thoracostomy tube placement, make additional holes 
the tube by bending it and removing a notch with a pair of 

sterile scissors. 
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FIG 32-8 
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Use suture to secure the tube to the connecting devices so 
that they are not inadvertently dislodged 
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of the suture long. Use this suture to make a Chinese finger- 
trap or Roman sandal suture (Fig. 32-7). Connect the cfiesfl 

tube to a three-way stopcock to increase the ease of thoracic 

. Use a five-in -one (Christmas free) adapter 
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FIG 32-6 


trocar tube, firmly grasp the tube 2 to 4 cm 

d while using 

gh the intercostal musculature and 


When using a 
from the body 
hand to pop the 
pleura. 


or o 


mage 

ale Luer-Lok (with small tubes) between the tube and 6 ie 

cr/r%fjf sea/. Use suture to 


han 


ner 


one 


m 


tube throu 


three-way stopcock to ensure an 

the tube to the connecting devices so that they are net 

inadvertently dislodged, resulting in a pneumothorax ffij 
32S). For added safety when the chest cavity is not being 

suctioned, clamp the tube where 
hemostat or C clamp (Fig. 32-9). Verify appropriate plow 

adiographically (Fig. 32- J OJ fcdbe 


sec u re 


tenth or eleventh intercostal space , Advance the tube subcu 
faneously in a cranioventral d/rect/on for three fo four inter 
cos to/ spaces and introduce the tube through the muscle and 

pleura using the stylet or a large hemostat. When using 
trocar tube ; firmly grasp the tube 1 to 2 cm from the body 
wall with one /land while using the other hand to 'pop" th 
tube through the intercostal musculature and pleura (Fig. 
32 6). This prevents the tube from being inadvertently 

into the thorax than anticipated, thereby 
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it exits the body 


a 


w\ 


a 


ment of the chesf droin 


r 


covering it with a /oose bandage. 


e 


be either intermittent or continuous. Gen- 


Drainage may 

erally, intermittent pleural drainage is adequate; however, i: 
some situations continuous suction is preferable (hempen 

pneumothorax, p l e u r o desi s b Heimlich valves 
should be used only in medium to large dogs, because small 
dogs and cats may not develop sufficient expiratory pressure 
for effective drainage. Also, these valves are prone to 




pushed farther 
damaging the /ung or other thoracic structures. Feed the tube 

in a cranioventral direction to a predetermined point; before 

completely removing the trocar, clomp the tube with a he 

mostat. Place a purse-string suture in the skin around the 

tube (do not enter the lumen of the tube) and leave both ends 
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FIG 33-9 

For added safety when the chest cavity is not being 
suctioned, damp the tube where it exits the body wa 
hemostat or Cck 
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Suction Control 


FIG 33-1 1 


Three-botsle system for continuous pleural drainage. 


Continuous Thoracic Suction 


function il fluid is aspirated into the apparatus. “Milking 




or 


si 


stripping” of chest tubes to prevent obstruction of the tube 


If fluid accumulates so quickly that intermittent drainage is 




by clots has been recommended in the veterinary literature; 


not practical or if adherence of the visceral pleura to the 


however, these techniques generate high intrapleural pres- 


body wall is desired, continuous suction may be used. Two 


i 


s u res an d m ay caus e p uim onary d a m age. 


bottle and three-bottle systems and commercial suction 


i 


units are available for veterinary use and are economical and 


Chest Tube Removal 


simple to use. A continuous 10- to 15-cm negative pressure 


3 




With pleural effusion, ihe tube is removed when the 


on the thorax effectively aspirates pneumothorax, increasing 


drainage diminishes to a volume consistent with that caused 


the likelihood of spontaneous sealing of large pulmonary 


by the presence of the tube itself (i 


2.2 ml/kg of body 


defects. Slightly higher pressures may be necessary (up to 20 


e 


p *1 


■ 


weight,'day). The tube can be removed in patients with 


cm H 2 0 ) when viscous fluid is being drained. 


a 


pneumothorax once negative pressure has been achieved for 


Id to 24 hours. Culture the end of the tube after removal if 


Connect the chest tube to a bottle that 


under 


■s 


serves as an 


the tube has been in place for several days or if the animal 


11 


water seal (filled with 2 to 3 


of sterile water j, which 


§ 


cm 


in 


shows signs of infection. Close the skin incision with 


turn is connected to a suction bottle (also portly filled with 


e 


one or 


two simple interrupted sutures 


wafer) attached to 


\- 


suction device (Fig. 32-1 1). Vary th 
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FIG 32-13 


specimen of a dog with chronic chylothorax and 
rosing pleuritis* Note the small, consolidated lungs 
and thickened pleura. 


Necropsy 

severe fib 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


FIG 32-12 


Commercial continuous suction device. 


Trocar chest tubes (DekNatel thoracic trocar catheter Argyll 
thoracic trocar catheter) and continuous suction devices 
(DekNatel Pleur-Evac chest drainage system, Thora-Seal III 
three-bottle underwater chest drainage system) (see Fig, 
32-12) may be purchased from several commercial sources, 


iowering th e level o f wate r 


amount of suction by raising 
in the suction bottle* 


or 


POSTOPERATIVE CARE 
AND ASSESSMENT 


A rigid plastic vent tube open to room air allows air to be as¬ 
pirated into the bottle as the vacuum is applied. A third bot¬ 
tle interposed between the chest tube and the underwater 
seal bottle collects fluid and prevents the level from rising in 
the underwater seal bottle as fluid is drained from the chest. 
The third bottle is unnecessary in animals with pneumotho- 

alternative, a commercial continuous suction de¬ 
vice (Fig. 32-12) may be used (see below), 

HEALING OF THE PLEURA 

or damaged pleura is prone to adhesion formation 
in some species? however, dogs and cats seem resistant to 
chemical pleurodesis. They may have greater 
no lytic capacity than other species (e.g., rabbits or human 
beings). Fibrosing pieuritis has been reported in dogs and 
cats secondary to prolonged exudative or blood-stained ef¬ 
fusions. In animals with fibrosis, the pleura is thickened by 
diffuse, fibrous tissue that restricts normal pulmonary ex¬ 
pansion (the lungs do not adhere to the body wall in these 
patients; Fig, 32-13). Exudates are characterized by a high 
rate of fibrin formation and degradation, because chronic 
inflammation induces changes in the morphologic features 
of mesothelial cells that result in increased permeability, 
desquamation of mesothelial cells, and triggering ol both 
pathways of the coagulation cascade. The desquamated 
mesothelial cells have also been shown to produce type 111 
collagen in cell culture, promoting fibrosis. Also, the chronic 
presence of pleural fluid might lead to an impairment in the 
mechanism of fibrin degradation. 


If dyspnea persists after needle thoracentesis or chest tube 
placement, oxygen therapy (nasal insufflation or oxygen 
cage) may be beneficial* Thoracic radiographs should be , 
taken to assess lluid or air removal and/or to evaluate thepo- I 
sition of the chest tube. Animals with chest tubes should be 
monitored continually to prevent iatrogenic dislodgmentor 
damage to the tube or connectors, resulting in pneumotho¬ 
rax (see below under Complications). Care should be exer¬ 
cised when handling tubes to prevent thoracic contamina¬ 
tion. Chest tubes should be aspirated gently so thal lung 
tissue is not suctioned into the tube drainage ports. 






COMPLICATIONS 


Although lung penetration and damage are possible with nee¬ 
dle thoracentesis, the risk is minimal if proper technique is 
used. The major complication associated with chest tubes is 
pneumothorax caused by damage to the tube by the patient 
(he., biting or scratching) or loosening of the connections of 
the tube to the adapters. The risk of these complications an 
be minimized by placing a hemostat or G-damp close to the 

tube's exit site, by securing 
proper bandaging of the chest and tube (see Figs. 32-8 and 
32-9), Constant surveillance of animals with chest tubes is rec¬ 
ommended* Other complications associated with chest tub- 
placement are rare but include lung perforation, empyenu, 
laceration of an intercostal vessel, and pulmonary injury 
caused by aspiration of a 


the tube to the adapters, and by 


portion of lung into one of the tube 
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seldom diagnosed in small animals because many affected 
animals die at birth or shortly thereafter. Most diaphrag¬ 
matic hernias in dogs and cats are the result of trauma, par- 
ticularly motor vehicle accidents. The abrupt increase in in- 
traabdominal pressure that accompanies forceful blows to 
the abdominal wall causes the lungs to rapidly deflate (if the 
glottis is open), resulting in a large pleuroperitoneal pressure 
gradient. This pressure gradient causes the diaphragm to 
tear at its weakest points, generally in the muscular portions. 
The location and size of the tear or tears depend on the po¬ 
sition of the animal at the time of impact and the location of 
the viscera. Traumatic diaphragmatic hernias are often asso¬ 
ciated with significant respiratory embarrassment; however, 
chronic diaphragmatic hernias in asymptomatic animals are 

not uncommon. 


drainage ports. The risk of lung perforation is related to the 
type of tube placed and underlying pleuropulmonary disease. 
If needle thoracentesis or ultrasonography suggests that the 
fluid is severely loculated or that extensive adhesions are pres¬ 
ent, surgical placement of the chest tube may be advisable. 


SPECIAL AGE CONSIDERATIONS 


Surgical correction of respiratory abnormalities in young an¬ 
imals requires that special attention be paid to the anesthetic 
requirements of the young (see p, 782 ). Diaphragmatic her- 
nia repair is commonly performed in young animals, because 
they a re p ron e to t rauma th at may resu It in such lesions. Peri- 

toneopericardial diaphragmatic hernias usually are diag¬ 
nosed at a young age (he., less than 1 year), and concurrent 
cardiac abnormalities may be present, complicating the anes¬ 
thetic management of these patients (see p. 799). Geriatric 
animals may have severe, concurrent underlying pulmonary 
or cardiac conditions that complicates the management of 
pleural cavity disease, and careful monitoring is necessary. 


DIAGNOSIS 

Clinical Presentation 

Signalmentp There is no breed predisposition for trau¬ 
matic diaphragmatic hernias; however, most afflicted dogs 
a re y o u ng m a ies bet ween 1 and 2 ye a rs o f a ge, 

History. The duration of a diaphragmatic hernia may 

range from a few hours to years. In one report 20% were di¬ 
agnosed more than 4 weeks after injury (Lee, Franks, 
Sreeram, 1991). The animals may be presented in shock al¬ 
ter the injury (see below). These animals often suffer from 
associated injuries such as fractures. With 
aphragmatic hernia, the clinical signs most often are refer¬ 
able to either the respiratory or the gastrointestinal system 
and may include dyspnea, exercise intolerance, anorexia, de¬ 
pression, vomiting, diarrhea, weight loss, and/or pain after 
ingestion of food. 

Physical Examination Findings 

Animals with a traumatic diaphragmatic hernia frequently 
are in shock when presented for treatment, therefore the 
clinical signs may include pale or cyanotic mucous mem¬ 
branes, tachypnea, tachycardia, or oliguria, or all of these. 
Cardiac arrhythmias are common and are associated with 
significant morbidity. Other clinical signs depend on which 
organs have herniated and may be attributed to the gas¬ 
trointestinal, respiratory, or cardiovascular system. The liver 
is the most commonly herniated organ, a condition that of¬ 
ten is associated with hydro thorax caused by entrapment 
and ve n ous o ccl usio n. 


Suggested reading 


Arizmendi F, Grimes JE, Rdford RL: Isolation of Chlamydia psittaci 
from pleural effusion in a dog, / Vet Diagn Invest 4:460, 1992, 
Clinkenbeard KD: Diagnostic cytology: carcinomas in pleural effu¬ 


sions, Comp end Cant Educ Praet Vet 14:187,1992, 


Possum TW et ah Eosinophilic pleural or peritoneal effusions in 
dogs and cats: 14 cases (19806-1992), / Am Vet Med Assoc 
202:1873,1993. 


chronic di- 


a 


Grogan DR et al: Complications associated with thoracentesis: a 
prospective, randomized study comparing three different meth¬ 


ods, Arch Intern Med 150:873, 1990, 


Snyder PS, Sato T, Atkins CE: The utility of thoracic radiographic 
measurement for the detection of cardiomegaly in 

pleural effusion> Vet Radiol 31:89,1990, 

Steyn PF, Wittum TE: Radiographic, epidemiologic, and clinical as¬ 
pects of simultaneous pleural and peritoneal effusions in dogs 
and cats: 48 cases (1982-1991),/ Am Vet Med Assoc 202:307, 1993. 
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SPECIFIC DISEASES 
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TRAUMATIC DIAPHRAGMATIC HERNIA 


DEFINITION 


A diaphragmatic hernia (DH) occurs when the continuity 
of the diaphragm is disrupted such that abdominal organs 
can migrate into the thoracic cavity 


Radiography and Ultrasonography 

Definitive diagnosis of pleuroperitoneal diaphragmatic her¬ 
nia usually is made by radiography or ultrasonography. Ul¬ 
trasound examination of the diaphragmatic silhouette is 
helpful in animals in which the herniation is not obvious ra¬ 
diographically (he., hepatic herniation, pleural effusion). If 
significant pleural effusion is present, thoracentesis may be 
necessary for diagnostic radiographs. Radiographic signs of 
diaphragmatic hernia may include loss of the diaphragmatic 
line, loss of the cardiac silhouette, dorsal or lateral dis¬ 
placement of lung fields, presence of gas or a barium-filled 


f 


SYNONYM 




Pk 1 i rope ri to nealh ern i a 


Y 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


i 


e 


Diaphragmatic hernias are commonly recognized by small 
animal clinicians and may be congenital or may occur as a 
result of trauma. Congenital pleuroperitoneal hernias are 


i 


Y 


>e 
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sto mach o r i n test i n e s in the t ho r a c i c cavi ty, p len r a 1 e ffus i o n„ 
and/or failure to find the stomach or liver in the abdomen 
(Figs. 32-14 and 32-15). In rare cases, if only a small portion 

herniated, it may be difficult to diagnose di¬ 
aphragmatic hernia radiographically. 

Positive contrast celiographv occasionally may be helpful 
in the diagnosis. Prewarmed water-soluble contrast agent is 
injected into the abdominal cavity at a dosage of 1.1 ml/kg 
(the dose is doubled if ascites is present), the patient is gen¬ 
tly rolled from side to side or the 
are taken immediately after the injection and manipulation. 
Criteria used in evaluating these films should include the 
presence of contrast medium in the pleural cavity, absence of 
normal liver lobe outline in the abdomen, and incomplete 
isualization of the abdominal surface of the diaphragm. 
Positive-contrast echograms should be interpreted 
tiously, because omental and fibrous adhesions may seal the 
defect, resulting in false negative films. 


NOTE * If hepatic herniation or pleural effusion (or 
both) are present, ultrasonography probably will be 
more useful than radiography in making the diag¬ 
nosis. 


Laboratory Findings 

Specific laboratory abnormalities are uncommon, 
alanine aminotransferase and serum alkaline phosphatase 
values maybe elevated in cases o! liver herniation. 


pelvis is elevated, and films 


DIFFERENTIAL DIAGNOSIS 


Any disorder that causes respiratory abnormalities (eg., 
pleural effusion, pneumothorax, pneumonia) should be a 
differential diagnosis for traumatic diaphragmatic hernia. 
Fhe concurrent presence of pleural effusion in many ani¬ 
mals with liver herniation may make diagnosis of diaphrag¬ 
matic hernia difficult (see above). 


a 


can - 


MEDICAL MANAGEMENT 


If the animal is dyspneic, oxygen should be provided by face 
mask, nasal insufflation, or an oxygen cage. Positioning the an¬ 
imal in sternal recumbency with the forelimbs elevated may 
help ventilation. If moderate or severe pleural effusion is pres¬ 
ent, thoracentesis (see p. 790) should be performed. Fluid ther¬ 
apy and antibiotics should be given if the animal is in shock. 


m m 


SURGICAL TREATMENT 


Traumatic diaphragmatic hernias have a higher mortality 
when surgery is performed either less than 24 hours or 
longer than 1 year after the injury. Surgical repair of di¬ 
aphragmatic hernias should be delayed until the patient's 
condition has been stabilized; however, herniorrhaphy 
should not be delayed unnecessarily. Animals with gastric 
herniation should be evaluated carefully for gastric disten¬ 
tion and should be operated on as soon as they can safely be 
anesthetized, because acute gastric distention within (he 
thorax may cause rapid, fatal respiratory impairment. 


tarn 


FI© 32-14 


h of a dog with a diaphragmatic 
intestinal loops in the thoracic 


Lateral thoracic radio 
hernia. Note the air 


ograp 

-f iTl ea 


cavity. 


t 


NOTE • Do not delay surgery unnecessarily in ani¬ 
mals in stable condition. If the stomach has herni¬ 
ated into the thoracic cavity, perform surgery os 

possible (Le. f on an emergency basis). 


i 


t 


c 


c 


soon as 


Preoperative Management 

Prophylactic antibiotics should be given before induction of 
anesthesia in animals with hepatic herniation. Massive re¬ 
lease of toxins into the circulation may occur with hepatic 
strangulation or vascular compromise. Premeditating such 
patients with steroids may be beneficial. An ECG should be 
performed on all trauma patients before surgery. 

Anesthesia 

Chamber or mask induction should be avoided in animals 
with diaphragmatic hernia (see p. 789), Before induction, 


ch 


fn 


FIG 32-15 


da 


Thoracic radiograph of a dog with a dilated, herniated 
stomach. 
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supplementing the inspired oxygen improves myocardial 
oxygenation, Because of the animals already compro¬ 
mised ventilation, drugs with minimal respiratory depr 
sant effects should be used. Injectable anesthetics, which 

allow rapid intubation, are preferred (see also p. 789), 
Inhalation anesthetics should be used for maintenance 
of anesthesia. Intermittent positive pressure ventilati 
should be performed, and high inspiratory pressures 
should be avoided to help prevent reexpansion pulmonary 
edema (see p, 761). The lungs should be allowed to expand 
slowly after surgery. Nitrous oxide is contraindicated in 
patients with diaphragmatic hernia (see p. 789), Drugs 
such as methylprednisolone may be beneficial for prevent¬ 
ing reexpansion pulmonary edema in animals with 
chronic diaphragmatic hernia. See fable 31-1, p. 761, tor 
examples of selected anesthetic protocols that may be used 
in animals with diaphragmatic hernias. 

Positioning 

The animal is placed in dorsal recumbency for a midline ab¬ 
dominal incision. The entire abdomen and caudal one half 
to two thirds of the thoracic cavity should be prepared for 
aseptic surgery. Because acute ventilatory compromise may 
occur during positioning, these animals should he carefully 
monitored during th is period. 
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FIG 32-16 

To repair a diaphragm avulsed from the thoracic wall 
incorporate a rib in the suture line. 




SURGICAL TECHNIQUE 


Mote a ventral midline abdominal incision; if greater ex¬ 
posure is needed , extend the incision cranially through th 
sternum. Replace the abdominal organs in the abdominal 
cavity (if necessary, enlarge the diaphragmatic defect). if 
adhesions are present , dissect the tissues gently from th 
thoracic structures to prevent pneumothorax 
With chronic hernias, deJbn'de the edge of the defect be¬ 
fore closure. Close the diaphragmatic defect i 
continuous suture pattern, if the diaphragm is avulsed from 
Pie ribs, incorporate 

added strength (big. 32-16). Remove air from the pleural 
cavity after closing the defect, if continued pneumothorax 
far effusion is likely f place 

Explore the entire abdominal cavity for associated in¬ 
jury [i,e., r compromise of the vasculature to the intestine 

or splenic, renal, or bladder trauma) and 

meets. 


e 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


To dose the diaphragm, use either a nonabsorbable (e.g 
polypropylene) or an absorbable (e.g., polydioxanone 
polyglyconate) suture. 


e 




bleeding . 


or 


or 










s i m p le 




in a 


POSTOPERATIVE CARE 
AND ASSESSMENT 




rib in the continuous suture for 


a 


Patients should be monitored postoperative]y for hypoventi¬ 
lation, and if necessary, oxygen should be provided. Reex- 
pansion pulmonary edema (RPE) is a possible complication 
associated with rapid lung reexpansion after repair of a di¬ 
aphragmatic hernia (see p. 761). Postoperative analgesics 
should be provided (see Table 31-3, p. 761). 


chest tube (see p. 790). 


a 




repair a ny 


PROGNOSIS 


If the animal survives the early postoperative period (i.e,, 12 
to 24 hours), the prognosis is excellent, and recurrence is un¬ 
common with proper technique. Reported mortality rates 
for animals with traumatic diaphragmatic hernia have 
ied from 12% to 48%, The reported survival rates for ani¬ 
mals with traumatic diaphragmatic hernia that are treated 
s u rgi cal 1 y are close to 75%, 


NOTE • if ihe d iaphrogmatic defect is particularly 

lcrge r synthetic material such as Silastic sheeting 

can be used to close it; however, this is seldom 
necessary. 








f 


v a l - 




1 






e 








An abdominal flap graft has been reported for repair of 
chronic diaphragmatic hernia in dogs. The graft is obtained 
from the peritoneum and transverse abdominal muscle 
dal to the diaphragm. The graft is elevated, placed over the 
Med, and sutured to the diaphragm. 
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Cornell KK et al: Extra hepatic biliary obstruction secondary to di¬ 
aphragmatic hernias in two cats, / Am Anim Hasp Assoc 29:502, 


Mann FA, Aronson E, Keller G: Surgical correction of a true con¬ 
genital pleuroperitoneal diaphragmatic hernia in a cat, / Am 
Anim Hasp Assoc 27:501,1991. 

Stampley AR, Waldron DR: Reexpansion pulmonary edema after 
surgery to repair a diaphragmatic hernia in a cat, / Am Vet Med 
Assoc 203:1699,1994, 


PERITONEOPERICARDIAL 

DIAPHRAGMATIC HERNIA 


FIC 32-17 

Lateral thoracic radiograph of a dog with a peritoneo- 
pericardiol diaphragmatic hernia. Note the cranial 
abdominal hernia. 


DEFINITION 


A peritoneopericardial diaphragmatic hernia (PPDH) oc- 

congenital communication exists between the 
abdomen and the pericardial sac. 


SYNONYMS 


DIAGNOSIS I 

Clinical Presentation 

Signalment. Although PPDH is congenital, it is not un¬ 
common for the diagnosis to he made when the animal is 
middle-aged or older because clinical signs vary and maybe 
intermittent. Weimaraners and cocker spaniels may be at in 
creased risk. 

History* The clinical signs may be referable to the gas¬ 
trointestinal, cardiac* or respiratory systems and include 
anorexia, depression, vomiting, diarrhea, weight loss, wheez- 

intolerance, and/or pain after eating. 
Neurologic signs may occur as a result of hepatoen- 
cep halo pat by. 

Physical Examination Findings 

Physical examination findings in animals with PPDH may 
i n d ude a sc i tes, m u filed hea r t sounds, m u r m u rs caused ei - 
ther by displacement of the heart by visceral organs or by in* 
tracardiac defects, and concurrent ventral abdominal wall 
defects. The most commonly herniated organ is the liver, 
and associated pericardial effusion is common. 

Radiography and Ultrasonography 

A tentative diagnosis of PPDH may be made based on the 
history, clinical signs, and physical examination, but radiog¬ 
raphy or ultrasonography (or both) is essential for a defini¬ 
tive presurgical diagnosis. Fable 32-6 lists the radiographic 
signs of PPDH (Fig. 32-18). Contrast studies (i.e., nonsdec- 
tive angiogram, barium contrast study) should be under¬ 
taken only if a definitive diagnosis cannot be made on plain 
films (Pig. 32-19) or with ultrasound. A distinct curvilinear 
radiopacity has been identified between the cardiac silhou¬ 
ette and the diaphragm on a lateral thoracic radiograph in 
cats with PPDH, This radiographic finding has been called 
the dorsal peritoneopericardial mesothelial remnant [Berry, 
Koblik, Ticer, 1990), Ultrasonography is useful because there 


Pericardia! diaphragmatic hernia, congenita! hernia 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Peritoneopericardial diaphragmatic hernias are less com¬ 
monly recognized by small animal clinicians than traumatic 
diaphragmatic hernias. Although peritoneopericardial di¬ 
aphragmatic hernias often are associated with respiratory 
embarrassment, asymptomatic PPDH is common. PPDH 

may occur as a result of trauma in human beings (in whom 
the diaphragm forms one wall of the pericardial sac); how¬ 
ever, these hernias are always congenital in dogs and cats, in 
which no direct communication exists between the pericar¬ 
dial and peritoneal cavities after birth, 'Hie most widely ac¬ 
cepted theory regarding the embryogenesis of this defect is 
that the hernia occurs because of faulty development or pre¬ 
natal injury of the septum transversum. This could be a re¬ 
sult of a teratogen, genetic defect, or prenatal injury. 

Cardiac abnormalities and sternal deformities often oc¬ 
cur concomitantly with PPDH. The combination of congen¬ 
ital cranial abdominal wall, caudal sternal, diaphragmatic, 
and pericardial defects has been reported in dogs, often as¬ 
sociated with ventricular septal defects or other intracardiac 
defects (Fig. 32-17). It is not known if this condition is her¬ 
itable; however, several breed predispositions have been rec¬ 
ognized (see below). Polycystic kidneys have been reported 
in association with PPDH in cats. 


ing, dyspnea, exercise 
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NOTE * If you identify a cranial abdominal wall 
defect in a young animal, consider that it may also 
have PPDH or a congenital cardiac abnormality, or 
both. 
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diography are useful for distinguishing these abnormalities 
from PPDH. 


MEDICAL MANAGEMENT 


[f the ani mal is dyspneic, oxygen should be provided by face 
mask, nasal insufflation, or an oxygen cage. Positioning the 
animal in sternal recumbency with the fbrelimbs elevated 
may help ventilation. 


SURGICAL TREATMENT 


Surgical repair should be performed as early as possible (gen¬ 
erally when the animal is between 8 and 16 weeks of age), 
when it is unlikely that adhesions will be present and the pli¬ 
able nature of the skin, muscles, sternum, and rib cage facili¬ 
tates closure of large defects. Early correction of PPDH may 
prevent acute decompensation and the possible development 
of acute postoperative pulmonary edema (see p. 761). 


m 32-18 

Lateral thoracic radiograph of a cat with a peritoneo- 
pericardial diaphragmatic hernia. Note the large, globoid 
appearance of the cardiac silhouette. 


Preoperative Management 

Prophylactic antibiotics should be given before induction of 
anesthesia in animals with hepatic herniation. In animals 
with hepatic strangulation or vascular compromise, reposi¬ 
tioning of the liver into the abdominal cavity may cause a 
massive release of toxins into the bloodstream; premedicat- 
ing such patients with steroids may be beneficial. 

Anesthesia 

Chamber or mask induction should be avoided in animals 
with PPDH (see p, 789). Before induction, supplementing 
the inspired oxygen improves myocardial oxygenation. If the 
animal's ventilation is already compromised, drugs with 
minimal respiratory depressant effects should be used. In¬ 
jectable anesthetics that allow rapid intubation are preferred 
(see also p. 760). Inhalation anesthetics should be used for 
anesthetic maintenance. Intermittent positive pressure ven¬ 
tilation should be performed; however, high ventilatory 
pressures should be avoided to help prevent reexpansion 
pulmonary edema (see p. 761). The lungs should be allowed 
to expand slowly after surgery. Nitrous oxide is contraindi¬ 
cated in patients with a diaphragmatic hernia (see p. 789). 
Drugs such as methyl prednisolone may be beneficial in ani¬ 
mals with chronic diaphragmatic hernias. See Table 31-1, 
p. 761, for examples of selected anesthetic protocols that may 
be used in animals with diaphragmatic hernias. 

Positioning 

The animal is placed in dorsal recumbency for a midline ab¬ 
dominal incision. The entire abdomen and caudal two thirds 
of the thoracic cavity should be prepared tor aseptic surgery. 


FIG 32*1 9 


Nonselective angiogram in a cat with a peritoneopericardial 
diaphragmatic hernia. Nate the size oF the heart in 
comparison to the cardiac silhouette. The liver is within the 
pericardial sac. (Courtesy M. Miller, Texas A&M University.) 


0 


TABLE 32-6 


Radiographic Signs of Peritoneopericardial 
Diaphragmatic Hernia 


* Enlarged cardiac silhouette 

* Dorsal elevation of the trachea 

* Overlap of the heart and diaphragmatic borders 

* Discontinuity of the diaphragm 

* Gas-filled structures in the pericardial sac 

* Sternal defects 

* Dorsal peritoneopericardial mesothelial remnant 


often is discontinuity of the diaphragmatic outline. Hepatic 
herniation usually is evident. 

Laboratory Findings 

Specific laboratory abnormalities are uncommon. 


SURGICAL TECHNIQUE 


M ake a ven fra I midi ine o bdom i n al i nci s ion , / f grea ter expo - 
sure i s n eecleci, ex tend th e I n ci s ion crania lly th ro ugh the ste r- 
num. Enlarge the diaphragmatic defeet if necessary and re¬ 
place the abdominal organs in the abdominal cavity. If 
adhesions are present gently dissect the tissues from the tho¬ 
racic structures , resecting or debriding necrotic tissue as 


DIFFERENTIAL DIAGNOSIS 


The most common differential diagnoses for PPDH are peri¬ 
cardia] effusion and card iomegaly. Ultrasound and echocar- 
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necessary . Debride the edges of the defect and close in a 
simple continuous suture pattern . Do not close the pericardial 
sac Remove air from the pericardial soc or pleural cavity 
both after closing the defect If continued pneumothorax 
effus i 


accumulates because of leakage from the pulmonary 
parenchyma, bronchial tree, or esophagus. A tension pneu- 

occurs when a flap of tissue acts 
valve so that there is a continuous influx of air into the plea- 
cavity on inspiration that does not return to the lung 
expiration. Spontaneous pneumothorax occurs as a result 
of air leakage from the lung hut without trauma 
dating cause. Cysts are closed cavities or sacs lined by ep¬ 
ithelium that are usually filled with fluid or semisolid mate¬ 
rial. Bullae are nonepithdialized cavities produced by 
disruption of 1 ntraa 1 veoiar septa. A bleb is a localized collet 

of air contained within the visceral pleura. 


or 


as a one-way 


or 


chest tube (see p. 790), Repair 

comitant sternal or abdominal wall defects . 


a 


con- 


on 


as a preap- 


SUTURE MATERIALS AND 

SPECIAL INSTRUMENTS 


To dose the diaphragm, use either nonabsorbable (e.g., 
polypropylene) or absorbable (e.g., polydioxanone or polyg- 
lyconate) suture. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


SYNONYMS 


For nontraumatic pneumothorax, the terms spontaneous 

pneumothorax and idiopathic pneumothorax have been used 
interchangeably. 


These patients 


should be monitored post operatively for hy¬ 
poventilation, and oxygen should be provided if necessary. Re¬ 
expansion pulmonary edema (RPE) is a possible complication 
associated with rapid lung reexpansion after diaphragmatic 
hernia repair (see p, 761). Patients with PPDH may also have 
pulmonary hypoplasia, which contributes to the development 
of high intrapleural pressures and RPE. Postoperative anal¬ 
gesics should be provided (see Table 32-22 on p, 818). 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Traumatic pneumothorax is the most common type of 

pneumothorax in dogs, it most often occurs as a result of 
blunt trauma (he*, vehicular accidents, being kicked), which 
causes parenchymal pulmonary damage to the lung and a 
closed pneumothorax. When the thorax is forcefully com¬ 
pressed against a closed glottis, the lung or bronchial tree 
may rupture, I n other cases, pulmonary parenchyma may be 


3 


I 


I 


PROGNOSIS 


r 


If the animal survives the early postoperative period (i.e., 12 to 
24 hours), the prognosis is excellent, and recurrence is uncom¬ 
mon with proper technique. The prognosis is worse in patients 
with PPDH that have concurrent cardiac abnormalities. 


torn as a result of shearing forces 


the lung. Pulmonary 


on 


trauma occasionally results in the formation of subpleural 
blebs, similar to those seen with spontaneous pneumothorax 
(see below; Fig, 32-20). Open pneumothorax is less common 
but also is frequently caused by trauma (i.e., gunshot, bite or 
stab wounds, lacerations that occur secondary to rib frac- 


Reference 


Berry CR, Koblik PD, Ticer JW: Dorsal peritonco 
mesothelial remnant as an aid to the diagnosis of feline con¬ 
genital peritoneopericardial diaphragmatic hernia, Vet Radiol 
31:239, 1990. 


pericardial 


turns). Some penetrating injuries are called 


sucking cbesi 


wounds’" because large defects in the chest wall allow an in 
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o f a i r 


Into the pleural space when the animal inspires. 


These large, open chest wounds may allow enough 


air to en¬ 


ter the pleural space to 


cause lung collapse and marked re- 


PNEUMOTHORAX 


DEFINITIONS 


Pneumothorax is an accumulation of air or gas in the pleu¬ 
ral space. Traumatic pneumothorax may be classified 
open or closed. An open pneumothorax is one in which 
there is free communication between the pleural space and 
the external environment. With a closed pneumothorax, ai 


as 


FK 


FIG 32-20 

Ruptured subpleural bleb in a dog with spontaneous 
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Spontaneous pneumothorax occurs in previously healthy 
animals without antecedent trauma and may be primary 
(without underlying pulmonary disease) or secondary (with 
underlying disease such as pneumonia, pulmonary abscess, 
neoplasia, chronic granulomatous infection, or pulmonary 
parasitic infection, such as with Paragonimus spp.}. Based on 
the histologic appearance of the pulmonary lesion, both 
cysts and bullae have been reported in dogs. Primary spon¬ 
taneous pneumothorax in dogs may be due to rupture of 
subpieural blebs; remaining lung tissue may appear normal. 
These blebs are most commonly located in the apices ot the 
lungs. Secondary spontaneous pneumothorax is more com¬ 
mon in dogs than the primary form. In these animals the 
subpieural blebs are associated with diffuse emphysema or 
other pulmonary lesions. It has been shown that volume 
strain from expansive pressure in the lung increases dispro¬ 
portionately at the apex as height increases. Most affected 
human beings are cigarette smokers, which suggests that the 
underlying pulmonary disease could be a result of interfer¬ 
ence with the normal function of a r proteinase inhibitor in 
inhibiting elastase. It is believed that a,-proteinase inhibitor 
is inactivated in people who smoke, allowing increased 

elastase-induced destruction of pulmonary parenchyma. 


deletion in ventilation occur. Atmospheric and intrapleural 
pressures equilibrate rapidly through the defect, interfering 
with the normal mechanical function ot the thoracic 
bellows, which normally provides the necessary pressure 
gradient for air exchange. Pneumomediastinum may be 
associated with pneumothorax or tracheal, bronchial, or 
esophageal defects, or it may be due to subcutaneous air mi¬ 
gration along fascial planes at the thoracic inlet. 

Tracheal rupture may occur as a result of trauma; in cats, 
it is especially associated with overinflation of the endotra¬ 
cheal tube cuff. In a recent study, tracheoscopy was found to 
be the method of choice for documenting tracheal rupture 
(Hardie et a!., 1999). The primary signs of tracheal rupture 
are pneumomediastinum and subcutaneous emphysema; 
pneumothorax is rare (Fig. 32-21). It is important to distin¬ 
guish tracheal rupture without pneumothorax from that 
causing pneumothorax, because the former is best treated by 
cage rest, whereas the latter may require surgery It can be 
difficult to find the site of rupture at surgery or with en¬ 
doscopy, but fortunately many lesions heal spontaneously 
with medical management (Mitchell et aL, 2000). A recent 
retrospective study evaluated the outcomes and complica¬ 
tions in a consecutive series of cats undergoing surgical re¬ 
pair of intrathoracic tracheal avulsion injuries. Long-term 
resolution of clinical signs was achieved in all cats after re¬ 
section of the damaged trachea and tracheal repair by end- 

to-end anastomosis (White, Burton, 2000). 


NOTE • Be sure to differentiate traumatic and spon¬ 
taneous pneumothorax, because the former usually 

responds to medical management, whereas the lat¬ 
ter requires surgery. 


DIAGNOSIS 

Clinical Presentation 

Signalment. Traumatic pneumothorax is most com¬ 
mon in young dogs because they are more likely to be hit by 
cars or to suffer other trauma resulting in pulmonary dam¬ 
age. For similar reasons, males may be more commonly af¬ 
fected than females. Traumatic pneumothorax Is less com¬ 
mon in cats. Spontaneous pneumothorax usually occurs in 
large and deep-chested breeds; however, it may occur in 
small dogs. Dogs of any age may develop spontaneous pneu¬ 
mothorax: in one study the average age was 6.3 years (the 
range was 1 to 13 years) (Ho It singer et ah, 1993). Male and 
fern a le d ogs a p p ea r to be equ a 11 v a f fee ted. 

History, Pneumothorax that occurs as a result of trauma 
usually results in acute dyspnea. The history of trauma often 
is unknown, making differentiation between traumatic and 
spontaneous pneumothorax difficult. Alt hough the history 
of dogs with spontaneous pneumothorax varies depending 
on underlying etiology, most animals have an acute history 
of dyspnea. Occasionally a chronic cough or fever may be 
noted. Recurrence of dyspnea in an animal previously 

treated for pneumothorax suggests spontaneous rather than 
trauma t ic pn e umoth o rax. 

Physical Examination Findings 

Most animals with pneumothorax have bilateral disease and 
are presented for treatment with an acute onset of severe 


FIG 31-2! 

Lateral thoracic radiograph of a cat with pneumomediastinum 
and subcutaneous emphysema associated with tracheal 
rupture. 
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Radiographs should be carefully evaluated tor underlying 
pulmonary disease (e.g., abscess, neoplasia) or associated 

rib fractures, pulmonary contusion). Pulmo- 


dyspnea. Other evidence of trauma fi.e., rib hactures, limb 
fractures, traumatic myocarditis, pulmonary contusions) 
may be evident in animals with trauma-induced pneumoth¬ 
orax* Most animals with pneumothorax show a restrictive 

rapid, shallow respirations). If hy™ 


trauma (e.g 

blebs found in some animals with spontaneous pneu- 


n ary 

mothorax are seldom visible radiographically. This is proba¬ 
bly because the large blebs have ruptured, causing the 
pneumothorax. In such cases surgical identification of bul¬ 
lae is necessary. Air-filled bullae may be incidental findings 

thoracic radiographs of some animals. Pneumomedi¬ 
astinum is characterized by the ability to visualize thoracic 

aorta, thoracic trachea, vena cava, esopha- 
sually apparent on thoracic radiographs. 


respiratory pattern (i.e 
poventi 1 ation causes hypoxemia, they may appear cyanotic, 

and the heart and lung sounds often are muffled dorsallv. 
Dogs are able to tolerate massive pneumothorax by increas¬ 
ing their chest expansion. Respiration becomes ineffectual in 
animals with tension pneumothorax as the chest becomes 
barrel shaped and fixed in maximal extension. This condi¬ 
tion is life-threatening. Subcutaneous emphysema occasion- 

noted in animals with pneumomediastinum and 


on 


structures (i.e 
gus) that are not u 


ally is 

pneumothorax. 1 he air may migrate from the mediastinal 

the thoracic inlet and be noticeable under the skin 


NOTE • Remember that bullae are seldom seen in 
dogs with pneumothorax because they often hove al¬ 
ready ruptured. Also, air in the thoracic cavity may 
make other (nonruptured) bullae difficult to visualize. 


space to 
over the neck and trunk. 


NOTE • Tension pneumothorax is a life-threatening 
condition. It must be recognized and treated 

promptly. ___ 


Laboratory Findings 

Specific laboratory abnormalities are uncommon in animals 
with pneumothorax; however, blood gas derangements may 

occur. 


Rodiography and Ultrasonography 

Thoracic radiographs should be delayed until after thoracen¬ 
tesis in severely dyspneic animals (see p. 788) and in those in 

which pneumothorax is strongly suspected* Pneumothorax 

animals, because air diffuses 
Pneumothorax results in 


DIFFERENTIAL DIAGNOSIS 


di- 


respiratory distress (i.e 


Any abnormality that causes 
aphragmatic hernia, pleura! effusion, pulmonary edema: 

should be considered a differential diagnosis for pneumoth¬ 
orax. Thoracic radiographs usually adequately identify free 
pleural air; however, if the diagnosis is uncertain, diagnostic 
thoracentesis should allow retrieval of ain Because the man¬ 
agement ot animals with primary and spontaneous pneu¬ 
mothorax differs, once the animal’s condition has been stabi¬ 
lized, the cause of the pneumothorax should be determined. 


usually occurs bilaterally in 

through the thin mediastinum, 
large, air-filled spaces in the pleural cavity. The most sensitive 

view is a horizontal beam, laterally recumbent thoracic radi¬ 
ograph. On a recumbent lateral thoracic radiograph, the 
lungs collapse and retract from the chest wall, and the heart 
usually appears to be elevated from the sternum (Fig. 32-22). 
This apparent elevation of the heart is not noticeable on a 
standing lateral radiograph. Partly collapsed, or atelectatic, 
lung lobes appear radiopaque compared with the air-filled 
pleural space. The vascular pattern does not extend to the 
chest wall as the lungs collapse. This may be particularly no¬ 
ticeable in the caudal thorax on a ventrodorsal view. 


MEDICAL MANAGEMENT 


animal with pneumothorax 


Medical management of an 

consists of initially relieving dyspnea by thoracentesis I, 
p. 790). If the pleural air accumulates quickly or cannot be 
managed effectively with needle thoracentesis, a chest tube 
should be placed (see p. 790). Tube thoracostomy typie#is 
quired in animals with spontaneous pneumothorax. Inter¬ 
mittent or continuous pleural drainage may be used, de¬ 
pending on ihe speed with which air accumulates, Cominu- 
d r a inage m ay allow q u i eke r re so 1 u t i o n ot p neumotho rax 
in animals with large, traumatic defects. Providing an en¬ 
riched oxygen environment may be beneficial, particularly 
in animals with concurrent pulmonary trauma (e.g., pul¬ 
monary contusion or hemorrhage). Providing analgesics to 
animals with fractured ribs or severe soft tissue damaged 
improve ventilation (see p. 818). Surgical intervention Usd* 
dom required in animals with traumatic pneumothorax, 
Thoracentesis should be performed as necessary to prevent 
dyspnea while the pulmonary lesion heals, usually within! 
to 5 days. Recurrence is uncommon. Conversely, animals 
with spontaneous pneumothorax commonly have recurrent 
pneumothorax if surgery is not performed. 


see 


re 


ous 


Lateral thoracic radiograph of a dog with pneumothorax. 
Note the apparent elevation of the heart from the sternum. 
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An open chest wound should be covered immediately 
with any readily available material. A sterile occlusive dress¬ 
ing should be applied as soon as possible and intrapleural air 
evacuated by thoracentesis or tube thoracostomy. 


performed in dogs with spontaneous pneumothorax to re¬ 
duce recurrence (see below)* 


Identify and remove diseased lung . If the source of the pleu¬ 
ral air is not evident , fill the chest with wormed, sterile saline 
and look for air Bubbles when the anesthetist ventilates the 
animal If multiple partial lobectomies are necessary ; use an 
automatic stapling device to reduce operative time . Perform 
pleural abrasion using a dry gauze sponge. Gently abrade 
the entire surface of the lung. Before closure / fill the chest 
cavity with wanned fluid and look for air bubbles when the 
animal is ventilated to ensure that no other air leaks are 
present . Place a chest tube and remove residual air before 

recovering the animal 


SURGICAL TREATMENT 


Surgical therapy of animals with traumatic pneumothorax is 
seldom necessary (see above). However, non surgical man¬ 
agement of spontaneous pneumothorax usually results in a 
less than satisfactory outcome. Mechanical pleurodesis of 
the lungs (see below) may reduce the recurrence of pneu¬ 
mothorax in animals that undergo surgery for spontaneous 
pneumothorax. Mechanical pleurodesis damages the pleura, 
causing it to thicken (Jerram et aL, 1999). 


Preoperative Management 

An ECG and thoracentesis should be performed before in¬ 
duction of anesthesia. Preoxygenating these animals often is 
beneficial (see p. 796), Perioperative antibiotics seldom are 
warranted and may prevent culturing of bacteria from in¬ 
fected pulmonary tissue during surgery. 

Anesthesia 

Care should be used when anesthetizing and ventilating an¬ 
imats with pneumothorax and/or pulmonary bullae. Inter¬ 
mittent positive pressure ventilation (IPPV) may rupture in¬ 
tact bullae or accelerate air leakage from the damaged lung 
or bronchial tree. For these reasons, the inspiratory pressure 
should not exceed 10 to 12 cm H 2 O in these animals until 
the chest cavity is opened. The adequacy of ventilatory pres¬ 
sures should then be reevaluated. Because IPPV may induce 
a tension pneumothorax, immediate treatment of this con¬ 
dition (i,e„ needle thoracentesis, chest tube placement) may 
be necessary and should be anticipated. The use ot nitrous 
oxide is contraindicated in patients with pneumothorax. See 
p. 761 for selected anesthetic protocols for use in animals 
with respiratory dysfunction. 

Surgical Anatomy 

See the discussion of the surgical anatomy of the pleural 
space on p. 789 and the anatomic description of the lungs in 
dogs and cats on p. 762. 

Positioning 

See intercostal thoracotomy p. 764, or median sternotomy 
p. 764. 


NOTE • In animals with an open pneumothorax, 
definitive closure of large thoracic wall defects may 
require mobilization of adjacent muscles to provide 
on airtight closure. 




SUTURE MATERIALS AND 

SPECIAL INSTRUMENTS 


In animals with spontaneous pneumothorax (in which mul¬ 
tiple pulmonary bullae may be present), stapling devices al¬ 
low partial lobectomies to be performed rapidly (see p. 766), 
Continuous suction devices are available commercially or 
three-bottle systems can be made (see p. 793). 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Hie animal should be observed postoperatively tor pain or hy¬ 
poventilation or both. Nasal insufflation is beneficial in most 
patients but is especially indicated in those with diffuse under¬ 
lying pulmonary diseases or those in which significant portions 
of the lung were resected. Analgesic therapy should be consid¬ 
ered for all animals undergoing thoracotomy (see p. 818). 


PROGNOSIS 


With appropriate monitoring and care, the prognosis is excel¬ 
lent for animals with traumatic pneumothorax in which ther¬ 
apy is initiated before extreme dyspnea or respiratory arrest. 
In a study of dogs with spontaneous pneumothorax, 3 00% of 
those treated with needle thoracentesis alone and 81% of 
those managed with chest tubes had recurrence of pneu¬ 
mothorax (Holtsinger et ah, 1993). The times until recurrence 
varied from 3 days to 30 months. Three of 12 dogs (25%) un¬ 
dergoing thoracotomy suffered recurrence; intraoperative 
pleural abrasion was performed in only one of these dogs. 
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SURGICAL TECHNIQUE 


1 - 


If an underlying pulmonary lesion is readily identified ( i.e., 
pulmonary abscess or neoplasia) and can be localized to one 
k n lit ho rax, an intercostal thoracotomy (see p. 764) allows 
lobectomy to be performed more readily than from a me¬ 
dian sternotomy approach. However, dogs with spontaneous 
pneumothorax usually have diffuse, bilateral pulmonary dis¬ 
ease with multiple bullae. A median sternotomy allows visu¬ 
alization of all lung lobes and partial resection of any dis- 
eased lobes (see p, 764). Mechanical pleurodesis should be 
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standing lateral 11 radiographic views, minimizing handling, 
and supplementing oxygen by face mask during the radi¬ 
ographic procedures may help prevent further compromise 
ot respiration. If the animal is not dyspneic and only small 
amounts of fluid are suspected, ventrodorsal and expiratory 
views may help delineate the effusion. Radiographic signs as¬ 
sociated with pleural effusion include blurring of the cardiac 
silhouette, interlobar fissure lines, rounding of lung margins 

enic angles, widening of the mediastinum, 
separation of the lung borders from the thoracic wall, and 
scalloping of the lung margins at the sternal border [Figs. 

lung margin scalloping may be the 
earliest radiographic sign of pleural effusion. 


White RN, Burton CA: Surgical management of intrathoracic tra¬ 
cheal avulsion in cals: long-term results in nine consecutive 
cases, Vet S urg 29:430, 2000. 
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PLEURAL EFFUSION 


DEFINITIONS 


Pleural effusion refers to excessive fluid 

space between the visceral pleura of the lung and the pari¬ 
etal pleura of the chest walk 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


a: 
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fluid may accumulate in the pleural space because of de¬ 
creased oncotic pressure (he., pure transudate caused by hy- 
poalbuminemia [a serum albumin concentration above 1.8 
g/dlj), increased hydrostatic pressure (i.e., modified transu- 

caused by cardiac disease, diaphragmatic hernia, tumor, 
lung lobe torsion), increased permeability (i.e., infection, tu¬ 
mor lung lobe torsion), or hemorrhage (i.e., coagulopathy, 
tumor, trauma). 
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Lateral thoracic radiograph of a dog with pleural effusion. 
Note the scalloped appearance of me slernal border. 
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DIAGNOSIS 

Clinical Presentation 

Signaiment. Any age, breed, 
may be affected. 

History* The history of affected animals typically depends 
on the underlying cause. Most owners note that ihe animal 
has exercise intolerance if not overt respiratory distress. 

Physical Examination Findings 

The most common physical examination finding in animals 
with pleural effusion is dyspnea. The dyspnea may be marked 
by a forceful inspiration with delayed expiration, making the 
animal appear to be holding its breath. This respiratory pat¬ 
tern is particularly noticeable in cats. Increased bron¬ 
cho vesicular sounds may be heard dorsally. Lung sounds may 
be absent ventrally (usually bilaterally, but 
laterally). Other physical examination findings 
dogs may include muffled heart sounds and weight loss. 

Radiography and Ultrasonography 

If the animal is not overfly dyspneic, thoracic radiographs 

of pleural fluid. 

Taking dorsovemral (rather than ventrodorsal views) and 
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FIG 32-24 


Dorsoventral thoracic radiograph of a dog with pleural 
effusion. Note the interlobar fissure lines, the rounding of the 
lung margins at the costophrenic angles, and the separation 
of the lung borders from the thoracic wall 
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pleural fluid, the chest should be tapped before induction of 
anesthesia. 


NOTE • Delay thoracic radiographs until after tho¬ 
racentesis In animals with pleural effusion that are 
severely dyspneic. 


Surgical Anatomy 

T he surgical anatomy of the thoracic cavity is presented on 
p. 762. 

Positioning 

See p. 764* 


Ultrasonography should be performed before fluid 
moval because the fluid acts as an “acoustic window,*’ en¬ 
hancing visualization of thoracic structures. Ultrasonogra¬ 
phy is used to evaluate cardiac function, valvular lesions and 
function, congenital cardiac abnormalities, the presence of 
pericardial effusion, and mediastinal masses. The presence 
of pleural fluid often prevents satisfactory radiographic eval¬ 
uation of die structures of the thoracic cavity. Because ade¬ 
quate visualization of the entire thorax is necessary to rule 
out anterior mediastinal masses such as lymphosarcoma or 
thymoma, radiographs should be repeated after removal of 
most of the pleural fluid. 

Laboratory Findings 

fluid recovered by thoracentesis should be placed in a “clot 
tube 11 for biochemical studies and an EDTA tube for cyto¬ 
logic examination. ll is absolutely necessary to have the fluid 
analyzed for protein concentration, nucleated cell count, and 
differential nucleated cell count. The serum albumin con¬ 
centration should also be determined. Hyponatremia or hy¬ 
pokalemia (or both) may be found as a result of almost any 
pleural effusion. 


re - 


SURGICAL TECHNIQUE 


Thoracotomy may be performed using a median sternotomy 
(see p. 764) if there is no discernible lesion and the surgeon 
wishes to examine the entire thorax or using a lateral thora¬ 
cotomy (see p, 764) if a lesion has been identified and lung 
lobectomy is anticipated. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


See p. 768 for the postoperative care of patients that have un¬ 
dergone thoracotomy. 


PROGNOSIS 


The prognosis for animals with pleural effusion depends on 
the underlying cause. See pp. 779, 812, and 815 for the prog¬ 
nosis in animals with lung lobe torsion, chylothorax, and 
pyo th o rax, res pec ti vely. 
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Any cause of respiratory distress or coughing should be con¬ 
sidered a differential diagnosis. 


MEDICAL MANAGEMENT 


kit medical management of chylothorax and pyo thorax see 
pp, 807 and 814, respectively. Management of animals with 
lung lobe torsion is described on pp. 111 to 780. For the 
medical management of the various other disorders causing 
pleural effusion, the reader is referred to a medical textbook. 
1: the animal is severely hyperkalemic, symptomatic therapy 
with potassium-free fluids may be necessary. 


CHYLOTHORAX 


DEFINITIONS 


SURGICAL TREATMENT 


Chyle is the term used to denote lymphatic fluid arising 
from the intestine and therefore containing a high quantity 
of fat, Chylothorax is a collection of chyle in the pleural 
space. Chylothorax is termed idiopathic when an underlying 
cause cannot be identified. 


li the cause of modified transudates or exudates cannot be 
found with routine laboratory testing and imaging, surgical 
exploration of the chest may be necessary. If the patient has 
a bicavitary effusion that is not due to hypoalbumincmia, 
cardiac disease and neoplasia are the major differential diag¬ 
noses. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Preoperative Management 

The preoperative management of animals undergoing tho¬ 
racotomy is presented on p. 760. 

Anesthesia 

See p, 761 for selected anesthetic protocols for animals with 
respiratory disease. If the animal has moderate or severe 


In most animals, abnormal flow or pressures in the thoracic 
duct (TO) are thought to lead to exudation of chyle from in¬ 
tact but dilated thoracic lymphatic vessels (a condition 
known as thoracic lymphangiectasia; Fig, 32-25). These di¬ 
lated lymphatic vessels may form in response to increased 
lymphatic flow (causedby increased hepatic lymph formation), 
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pending on the underlying etiology, it is imperative that cli¬ 
nicians identify concurrent disease processes before institut¬ 
ing definitive therapy, 

DIAGNOSIS 

Clinical Presentation 

Signal merit. Any breed of dog or cat may be affected; 
however, a breed predisposition has been suspected in the 
Afghan hound for a number of years. Recently, it has been 
suggested that the Shiba Inu breed may also be predisposed 
to this disease. Among cats, Oriental breeds (he., Siamese 
and Himalayan) appear to have an increased prevalence, 
Chylothorax may affect animals of any age; however, in one 
study older cats were more likely than young cats to develop 
chylo thorax (Possum et ah, 1991). This finding was believed 
to indicate an association between chylo thorax and neopla¬ 
sia, Afghan hounds appear to develop this disease in middle 
age, but affected Shiba Inus have been less than 1 year old. A 
gender predisposition has not been identified. 

History, Coughing often is the first (and occasionally the 
only) abnormality noted by owners until the animal becomes 
dyspnek. Many owners report that they first noticed cough¬ 
ing months before presenting the animal for care; therefore, 
animals that cough and do not respond to standard treat¬ 
ment of nonspecific respiratory problems should be evalu¬ 
ated for chylothorax. Coughing may be a result of irritation 
caused by the effusion or may be related to the underlying 
disease process (i.e., cardiomyopathy, thoracic neoplasia). 


Thoracic lymphangiectasia in a dog with idiopathic 
chylothorax. Note the dilated, tortuous lymphatics in the 
cranial mediastinum, 


TABLE 32-7 


i 


Abnormalities Associated with Chylothorax in Dogs 
and Cats 


Cardiomyopathy 
Mediastinal lymphosarcoma or thymoma 
Cranial vena cava thrombi 
Heartworm disease 
Fungal granulomas 

Pericardial effusion/heart base tumors 


L 


£ 


Foreign objects 
Tetralogy or Fallot 




NOTE • Coughing may be the only clinical sign in 
animals with pleural effusion. Therefore chest radi¬ 
ographs are warranted in any animal with o 
chronic, non responsive cough. 


Tricuspid dysplasia 

Cor triatriatum dexter 

Congenital thoracic duct abnormalities 

lymphangioleiomyomatasis 
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Physical Examination Findings 

Most animals with chylothorax have a normal body temper¬ 
ature unless they are extremely excited or severely depressed. 
Additional findings may include muffled heart sounds, de- 
p less i o n 5 an or exi a, we ight loss, pal e m u co us memb ra n es, ar¬ 
rhythmias, murmurs, and pericardial effusion. 

Radiography and Ultrasonography 

The radiographic signs of pleural effusion are provided on 
p. 804. Animals that have collapsed lung lobes that do m 
appear to reexpand after removal of chyle or other pleural 
fluid should be suspected of having underlying pulmonary 
parenchymal or pleural disease, such as fibrosing pleura 
(Fig. 32-26). Although the etiology of the fibrosis is un¬ 
known, it apparently can occur subsequent to any prolonged 
exudative or blood-stained effusion. Diagnosis of fibrosing 
pieuritis is difficult. The atelectatic lobes may be confused 
with metastatic or primary pulmonary neoplasia, lung lobe 
torsion, or hilar lymph adenopathy. Radiographic evidence 
of pulmonary parenchyma that fails to reexpand alter k- 
moval of pieura 1 fluid should be considered possible evi¬ 
dence of atelectasis with associated fibrosis. Fibrosing pku 


decreased lymphatic drainage into the venous system as a re¬ 
sult of high venous pressures, or both factors acting simulta¬ 
neously to increase lymph flow and reduce drainage. Any dis¬ 
ease or process that increases systemic venous pressures (i.e., 
right heart failure, mediastinal neoplasia, cranial vena cava 
thrombi, or granulomas) may cause chylothorax (Table 
32-7). Trauma is an uncommonly recognized cause of chy¬ 
lothorax in dogs and cats because the thoracic duct heals rap¬ 
idly after injury, and within 1 to 2 weeks the effusion resolves 
without treatment. 

Possible causes of chylothorax include anterior mediasti¬ 
nal masses (mediastinal lymphosarcoma, thymoma), heart 
disease (cardiomyopathy, pericardial effusion, heartworm 
infection, foreign objects, tetralogy of Fallot, tricuspid dys¬ 
plasia, or cor triatrialum dexter), fungal granulomas, venous 
thrombi, and congenital abnormalities of the thoracic duct. 
It may occur in association with diffuse lymphatic abnor¬ 
malities, including intestinal lymphangiectasia and general¬ 
ized lymphangiectasia with subcutaneous chyle leakage. In 
most animals, despite extensive diagnostic workups, the un¬ 
derlying etiology is undetermined (idiopathic chylothorax). 
Because the treatment of this disease varies considerably de- 
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TABLE 32-8 


Characteristics of Chylous Effusions 


DOGS 


CHARACTERISTIC CATS 


White or pink 
(occasions 

Opaque, remains 
opaque when 
centrifuged 

1.019-1.050 

2,6-10,3 

Average: 7987 


Same 


Color 


re 


Same 


Clarity 


SG 


2.5-6,2 

Average: 6167 


TP 


WBC 


SG, Specific gravity; 7^ total protein jg/dl); VVBC, total white 


TABLE 32-9 


FIO 32-36 


Other Characteristics of Chylous Effusions 


cat with fibrosing pleuritis that 


Thoracic radiograph of 


developed secondary to chronic chvlothorax. Note the 
rounded appearance of the lung lobes. 


* Triglyceride content higher than that of serum 

* Cholesterol content less than or equal to that of serum 

* Chylomicrons present 

* Predominant cell type may be the lymphocyte or neu¬ 
trophil 

* Sudanophilic fat globules present 


ritis should also be considered in animals with persistent 
dysp:nea in the face of mi n imal pleura 1 fluid. 

Laboratory Findings 

Fluid recovered by thoracentesis should be 
BDTA tube for cytologic examination. Placing the fluid in an 
BDTA tube rather than a “dot tube” allows cell counts to be 
performed. Although chylous effusions routinely are classi¬ 
fied as exudates, the physical characteristics oi the fluid may 
fie consistent with a modified transudate (Table 32-8). The 
color varies depending on the dietary fat content and the 
presence of concurrent hemorrhage. The protein content is 
v triable and often inaccurate because ot interference with 
the refractive index by the high lipid content of the fluid. The 
total nucleated cell count usually is below 10,000 and con¬ 
sists primarily of small lymphocytes or neutrophils with 
lesser numbers of lipid-laden macrophages. 

Chronic chylous effusions may contain low numbers of 
small lymphocytes as a result of the body's inability to com¬ 
pensate for continued lymphocyte loss. Nondegenera live 
neutrophils may predominate with prolonged loss of lym¬ 
phocytes or if multiple therapeutic thoracenteses have in¬ 
duced inflammation. Degenerative neutrophils and sepsis 
are uncommon Endings because of the bacteriostatic effect 
of tatty acids but can occur iatrogenically as a result of re¬ 
peated aspiration. To help determine if a pleural effusion is 
truly chylous, several tests can be performed, including com¬ 
parison of fluid and serum triglyceride levels; Sudan III 
staining for lipid droplets; and the ether clearance test T he 
most diagnostic test is comparison ot the serum and thud 
Triglyceride levels (Table 32-9). If the effusion is truly chy¬ 
lous, it will contain a higher concentration of triglycerides 

than simultaneously collected serum. 


m an 


DIFFERENTIAL DIAGNOSIS 


Once pleural effusion has been identified, differential diag¬ 
noses Include diseases that cause exudative pleural effusion, 
such as pyothorax. Although chylous effusions have a char¬ 
acteristic appearance, the physical characteristics of chylous 
effusions and other exudative effusions maybe similar. Also, 
the appearance and cell populations of chylous effusions can 

be altered by diet and chronicity 

“Pseudochylous effusion” is a term that has been misused 
in the veterinary literature to describe effusions that look 
like chyle but with which a ruptured thoracic duct is not 
found. Given the known causes of chylothorax in dogs and 
cats, this term should be reserved for effusions in which the 
pleural fluid cholesterol is greater than the serum cholesterol 
concentration and the pleural fluid triglyceride is less than 
equal to the serum triglyceride. Pseudochylous effusions 
are extremely rare in veterinary patients but may be associ¬ 
ate d w i th t u b e rc u lo sis. 
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nt 


or 
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MEDICAL MANAGEMENT 


ed 


If an underlying disease is diagnosed, it should be treated 
and the chylous effusion managed by intermittent thoracen¬ 
tesis. If the underlying disease is effectively treated, the effu¬ 
sion often resolves; however, complete resolution may take 
several months. Surgical intervention should be considered 
only in animals with idiopathic chylothorax or those that do 
not respond to medical management. Chest tubes should be 


ng 


ed 


be 


ice 


re- 


vi- 


eu - 















Soft Tissue Surgery 


SOS 


placed only in animals suspected of having chylothorax 
ondary to trauma (ver) 


sec- 


NOTE • Animals with traumatic chylothorax heal 
and resolve the effusion within 2 to 3 weeks; how- 

but traumatic chylothorax is extremely rare. 


rare)* with rapid fluid accumulation, 
after surgery. Electrolytes should be monitored, because 
hyponatremia and hyperkalemia have also been docu¬ 
mented in dogs with chylothorax undergoing multiple tho¬ 
racentesis, A low-fat diet may reduce the amount of tat in the 

the animal's ability to resorb 


or 


ever 


Commercial low-fat diets are preferable to homemade di¬ 
ets; however, if commercial diets are refused, homemade di- 

reasonable alternative (Tables 32-10 and 32-11; the 


effusion, which may improve 
fluid from the thoracic cavity. 


ets are a 


(Q TABLE 32-10 


Canine Homemade Low-fat Diet 


AMOUNT 


INGREDIENT 


2 % cups 

14 pound 

1 V 4 teaspoons 

2 tablets 

1 teaspoon 

% tablet 

1 tablet 

1 tablet 

1 tablet 


Cooked white rice 
Stewed chicken 

Dlcalcium phosphatef 

GNC Ca-Mg (250 mg calcium, 155 magnesium/tablet]}: 

Morton Lite Salt 

Zinc (50 mg zinc/tablet) § 


Pet Tab 


Radiant Valley Natural Selenium (100 pg Se/tablet)H 
GNC Copper (2 mg copper/tablet)f 


ingredients and mix well. Refriger- 


Directions; Cook rice without salt. Boil chicken and skim off fat. Crush tablets to a fine powder. Combine oil 

ate unused portions. 

^Calculations based on 
meets for maintenance 

food that contains 910 kcals of metabolizable energy. 
tDicaleium phosphate 18.5% phosphorus, 22%-24% calcium 
t Available at General Nutrition Centers 
§Avoilable at most supermarkets. 

TAvailable at many supermarkets or 


the overage published nutrient content of each ingredient indicate that this diet meets or exceeds the nutrient require- 
for adult dogs published by the Association of American Feed Control Officials. This recipe makes about 1 '/* pounds or 

available at farm supply and feed stares. 


health food stores. 


TABLE 32-11 


Feline Homemade Low-fat Diet 


AMOU NT 


INGREDIENT 


3 2 4 cups 

V 2 pound 

1 V 2 teaspoons 
] V 2 tablets 
1 teaspoon 

3 tablets 

V 2 tablet 
3 tablets 
V 2 tablet 

V 2 tablet 


Cooked white rice 

Stewed chicken 

Dicalcium phosphatef 

GNC Ca-Mg (600 mg calcium/tablet) t 

Morton Lite Salt 

Taurine tablets (500 mg taurine/tablet)§ 
Zinc (50 mg zinc/tablet)f 


Feline Pet Tab 


: 


Radiant Valley Natural Selenium (100 fxg Se/tablet]|! 

Nature Made Balanced B-50 Complex** 

GNC Choline (250 mg choline/tabletjf 


i 


1 


1 


d skim off fat. Crush tablets to a fine powder. Combine all in 


Directions; Cook rice without salt. Boil chicken on 
ate unused portions, 

* Calculations based on the average published nutrient content of each 

ments for maintenance for adult cots published by the Association of American Feed Control Officials. This reci 

food that contains 1293 kcals of metabolizable energy. 
tDicaleium phosphate 18.5% phosphorus, 22%-24% calcium 
JAvaitable at General Nutrition Centers (GNC). 

§Taurine tablets can be purchased at most health food stores and cooperatives as 500-mg and 1 000-mg tablets. 
^Available at many supermarkets. 

.Available at many supermarkets or health food stores. 

Available at many supermarkets. 


ingredient indicate that this diet meets or exceeds the nutrient require- 

pe makes about 2 T A pounds or 
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liable at farm supply and feed stores. 


avai 
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operative time (problematic in debilitated animals), a high in¬ 
cidence of continued or recurrent chylous or nonchylous 
(from pulmonary lymphatics) effusion, and possible difficulty 
performing mesenteric lymphangiography, particularly in 
cats. Without mesenteric lymphangiography, complete liga¬ 
tion of the thoracic duct cannot be assured; however, this 
technique may not be uniformly successful in verifying com¬ 
plete ligation of the duct. Some small branches of the thoracic 
duct system may be present and yet not fill with dye during 
lymphangiography Recently, some surgeons have performed 
TD ligation using thoracoscopy 

The author has noted that in some animals with chy- 
lothe rax, the pericardium is thickened. This thickening is 
thought to be a result of the chronic irritation of chyle. The 
thickened pericardium might elevate systemic venous pres¬ 
sures, and these abnormal venous pressures may act to im¬ 
pede drainage of chyle into the cranial vena cava while in¬ 
creasing lymphatic flow through the thoracic duct. When 
the pericardium is thickened or abnormal in animals with 
derangements in lymphatic flow (be it chylothorax or con¬ 
tinued serosanguineous flow after TD ligation), peri card iec- 
tomy may act to lower right-sided venous pressures. Such 
normalization of venous pressures might be sufficient to al¬ 
low the animal to reroute lymphatic fluid through normal 
channels. Pericardiectomy has been performed alone or in 
conjunction with TD ligation in a number of animals, in 
many of which the effusion has resolved (Possum, Miller, 
2002 |in press]). Therefore pericardiectomy is recom¬ 
mended in any animal in which a serosanguineous effusion 
continues after TD ligation. Further studies are warranted to 
determine which animals will benefit from pericardiectomy 
either as sole therapy or in conjunction with TD ligation. 

Preopemrive Management 

Food is withheld 12 hours before surgery. Cream or oil may 
be fed before surgery (i.e., given every hour until induction 
of anesthesia starting 3 to 4 hours before surgery) to help vi¬ 
sualize lymphatics; as an alternative, methylene blue may be 
injected into a lymph node at surgery. 

Anesthesia 

See p. 761 for selected anesthetic protocols for animals with 
respiratory disease. 

Surgical Anatomy 

The thoracic duct is the cranial continuation of the cisterna 
chyli and generally is said to begin between the crura of the 
diaphragm (Fig. 32-27). In cats the thoracic duct lies be¬ 
tween the aorta and azygous vein on the left side of the me¬ 
diastinum, In dogs it lies on the right side of the medi¬ 
astinum until it reaches the fifth or sixth vertebra and then 
crosses to the left side. The thoracic duct terminates in the 
venous system of the neck (left external jugular vein or jugu- 
losubclavian angle). 

Positioning 

If a thoracic approach to the thoracic duct is used (see be¬ 
low), the left side (cats) or right side (dogs) of the thorax and 


fat content of these diets is about 6% on a dry basis). 
Medium-chain triglycerides (once thought to be absorbed 
directly into the portal system, bypassing the thoracic duct) 
are transported via the thoracic duct in dogs, therefore they 
maybe less useful than previously believed. It is unlikely that 
dietary therapy will cure this disease, but it may help in [he 
management of animals with chronic chylothorax. Clients 
should be informed that with the idiopathic form of this dis¬ 
ease, there is no effective treatment that will stop the effusion 
in all animals. However, the condition may resolve sponta¬ 
neously in some animals after several weeks or months. 


NOTE * Do not expect low-fat diets to cure chy¬ 
lothorax; however, a lower fat chyle may be easier 
to resorb from the pleural space. 


Benzopyrene drugs have been used lor the treatment of 
lymphedema in human beings for years. Whether these 
drugs might be effective in reducing pleural effusion in ani¬ 
mals with chylothorax is unknown; however, preliminary 
findings suggest that many animals treated with rutin (Table 
32-12) have complete resolution of effusion 2 months after 
initiation of therapy. Whether the effusion resolves sponta¬ 
neously in these animals or is associated with the drug ther¬ 
apy requires further study. 


SURGICAL TREATMENT 


Surgical intervention may be warranted in animals that do not 
have underlying disease and in which medical management 
has become impractical or is ineffective. Surgical options in 
animals that do not have severe ftbrosing pleuritis include 
mesenteric lymphangiography and thoracic duct ligation, 
passive pleu ro pe r i to neal s hu nt in g, act i v e p I e u ro peri to neal o r 
pleurovenous shunting, pericardiectomy, omental drainage, 
and pleu rode sis (pleu rod es is is not recommended by the au¬ 
thor), Only thoracic duct ligation, pericardiectomy, and active 
pleuroperitoneal shunting are described here. The mechanism 
by which thoracic duct ligation is purported to work is that af¬ 
ter TD ligation, abdominal lymphaticovenous anastomoses 
form for the transport of chyle to the venous system. Chyle 
bypasses the thoracic duct, and the effusion resolves. Unfortu¬ 
nately, TD ligation results in complete resolution of pleural eft 
fission in only about 50% of animals operated upon (Fossum, 
1986; Kerpsack, 1994). The advantage of TD ligation is that, if 

it is successful, it results in complete resolution of pleural fluid 
(as compared with palliative procedures such as passive or ac¬ 
tive pleuroperitoneal shunting). Disadvantages include a long 




\ TABLE 32-12 


>f 


Benzopyrene for Treatment of Chylothorax* 


Ruflnt 50-100 mg/kg, given orally three times a day 


‘Efficacy is unproven at this time; clinical studies are needed. 
1 Obtained at health food stores. 
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terse lymphatic catheter has been reported in dogs . The od- 
vantages of thoracic duct embolization are that direct visuali¬ 
zation of the thoracic duct is not required, which eliminates the 
need fora thoracotomy or diaphragmatic incision , The disad- 
van tages of th is p raced urn are 
teric lymphangiography and TO ligation (re 
duct branches may fill with the cyanoacrylate mixture , and 
collateralization may occur past the obstruction). 


the same as those for mesen- 


not all thoracic 




Thoracic Duct Ligation 

Pe rform 


intercostal thoracotomy (right side for dogs f left 

side for cats) at the eighth 
or make an incision in 

pericardiectomy is being simultaneously performed the tho 
racotomy may be performed at the sixth c 
costal space. Locate the thoracic duct and 


tenth intercostal space 
the diaphragm (see Note above l if 


. ninth 


seventh inter 


FIG 32-27 

Mesenteric lymphangiogram of a normal dog. Note the 
multiple branches of the thoracic duct. 


hemostatic 

or 3-0} to ligate it (see below). 
Visualization of the thoracic duct can be aided by injecting 
ethylene blue into the lymphatic catheter. 


clips and/or silk suture (2-0 


m 


abdomen is prepared for aseptic surgery. II a transdiaphrag- 
matic approach is used, the cranial abdomen and caudal 

chest are prepped. 


Pericardiectomy 

Pericardiectomy may benefit some animals with chyloth□ - 
rax, particularly when the pericardium is thickened because 
of chronic pleural effusion. It should be considered in am- 
mals with continued serosanguineons effusion after TD lig- I 
at ion. Per i cardiecto my m ay be p er forme d via a thor aco tomy I 

(see p. 764) at the time of TD ligation or it may be per- I 

formed using a thoracoscope (see p. 131), I 


SURGICAL TECHNIQUES 


Mesenteric Lymphangiography 

For a thoracic approach , make a paracostal incision (or for 
transdiaphragmatic approach, make a cranial midline ab¬ 
dominal incision), exteriorize the cecum f and locate an ad¬ 
jacent lymph node , 


a 




Active Pleuroperitoneal 
or Pieurovenous Shunting 

Commercially made shunt catheters (see below for ordering 
information) are available and can be used to pump pleural 


difficult to approach 
deep-chested dogs. This 


NOTE • The thoracic duct 
transdia pragmatically 

pproach may be used in small dogs and cats but 
should be avoided in larger dogs. An intercostal ap¬ 
proach to the thoracic duct is preferred in medium 
and large breeds and can be used in any animal. 


a 


into a vein (he., jugu- 


tluid into the abdomen (Fig. 32-28) or 

lar, azygous, or caudal vena cava). Two types of shunts are 
available: a pleuroperitoneal shunt (Table 32-13) and an as¬ 
cites (peritoneovenous) shunt (Table 32-14). The latter is 
meant to pump fluid from the abdomen into a vein and does 
not require manual pumping (i.e., it functions in an active 
fashion). This shunt can be placed from the pleural space into 

a vein (pieurovenous); when used in 
pumping is required (the shunt will not function in an active 
fashion). A possible complication of pieurovenous shunt 
placement is formation of a right atrial and/or ventricular 
thrombus. This complication may be life threatening, there¬ 
fore pleuroperitoneal shunting is preferred if there 
son to believe that the animal 


methylene blue (0,5 


if necessary ; in/eef o small volume of 
to I ml) into the lymph node to increase lymphatic visualiza¬ 
tion. Avoid repeated doses of methylene blue because of the 

risk of inducing a Heinz body anemia or 
lymphatic near the node to catheterize by gently dissecting the 

esentery Cannulate the lymphatic with a 20 


this manner, manual 


renal failure. Find a 


gauge 

a ve r- the-needle co theter an d a tfach a th ree- way catheter an d 
extension tubing (filled with heparinized saline) to the catheter 
ith a suture (3-0 silk). Place an additional suture around the 
extension tubing and through a segment of intestine to prevent 
dislodgment of the catheter. Dilute 1 ml/kg of a water-soluble 
contrast agent (i.e w Renovisf) with 0.5 ml/kg of sterile saline 
Inject this mixture into the catheter and take a lateral thoracic 

radiograph while the lost milliliter is flushed into the catheter. 
Use this lymphangiogram to help identify the number and lo¬ 
cation of branches of the thoracic duct that need to be ligatedl 
Repeat the lymphangiogram after ID ligation (see below) to 
identify branches that were not occluded. Embolization of the 
thoracic duct with cyanoacrylate injected through 


- or 


m 


is no m- 

may not reabsorb the fluid from 

its abdominal cavity (e.g., presence of diffuse lymphatic dis- 

cardiac disease). Close observation of these patients tor 
several weeks after pieurovenous shunt placement is neces- 

and preoperative heparinization and maintenance on he¬ 
parin, aspirin, or other anticoagulants may be warranted. 
Both types of catheters are placed under general anesthesia. 


w 


ease or 




, 


' 


C 


t 


Place the pump chamber and tubing in a bowl of sterilize 

by compressing In 
is filied w ith tlu id and f.W 


f 


heparinized saline. Prime the pump 
valve repeatedly until the system 
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FIG 32-28 


To place a pleuroperitoneal shunt, put the afferent end of the catheter into the thoracic 
cavity and the efferent end into the abdominal cavity. Make sure the pump chamber 
overlies a rib so that the chamber can be compressed effectively. 


TABLE 32-1 3 


FABLE 32-14 


Pleuroperitoneal Shunt Specifications* 


Pleurovenous (Peritoneovenous) Shunt Specifications 


* 27-cm Fenestrated pleura! end 

* Two one-way valves 

* 49<m Fenestrated peritoneal catheter 

1 Each complete pump of the reservoir dome transferring 

1 ,5 ml of fluid 


27<m Fenestrated pleural end 
Single or double one-way valves f 

• 66-cm Fenestrated venous catheter 

* Double valve; comes in a standard flow rate (26-40 
ml/minute at 10-cm head of water] and a low flow rate 
(less than 26 ml/minute at 10-cm head of water) 




* Denver Biomaterials, Inc,, Denver, CO 


* Denver Bio materia Is, Inc,, Denver, CO, 

tThis shunt comes in a single- and double-valve form; the double¬ 
valve catheter is indicated when the shunt is to be placed in □ pleu- 
ravenous fashion. 


h established. Expel any remaining air bubbles from the tub¬ 
ing or valve. Make o vertical incision over the middle o f the 
sixth, 

the shunt catheter into the thoracic cavity ; For a pleu roperi- 
(oneol shunt , use blunt dissection to create a tunnel under the 
external abdominal oblique 
chamber through the funnel. Place the efferent (peritoneal) 
end of the catheter info the abdominal cavity just caudal to 
fhe costal arch through a small skin incision and a preplaced 
pum*string suture in the abdominal musculature . For a pleu¬ 
rovenous shunt , tunnel the efferent (venous) end of the 
catheter over the shoulder to the ventral cervical region, 


eighth rib . Bluntly insert the pleural end of 


Make a small incision over the jugular vein and insert the 
nous end of the catheter into the vein , Using fluoroscopy , 
place the distal end of the catheter at the caudal aspect of 
the cranial vena cava, just proximal to the right atrium (the 
venous end of the catheter may be shortened if necessary). 
As an alternative t the venous end of the catheter 
placed in the azygos or caudal vena cava through an 
domino! incision. Make sure the pump chamber overlies 
rib so that the chamber can be effectively compressed. 


ve- 


uscle and pull the pump 


m 


a 
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PART III Soft Tissue Surgery 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


SYNONYM 


Thoracic empyema 


The advantage of using hemoclips is that they can be used as 
a reference point on subsequent radiographs if further liga¬ 
tion is necessary. However, it is best to also ligate the duct 
with nonabsorbable suture (Le., silk) if hemoclips are used. 
Shunts for active drainage include the Denver double-valve 

pleurovenous and pleuroperitoneal shunts (Denver Bioma¬ 
terials, Inc. Denver, Colorado). 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


The route by which the thoracic cavity becomes infected 
usually is not evident (i.e., hematogenous spread; migrating 
foreign objects such as plant awns; penetrating wounds, 
particularly bite wounds; extension from diskospondylitis; 
extension from pneumonia; pulmonary neoplasia or absces- 
sation; pulmonary or thoracic vvall trauma; esophageal per¬ 
foration; and postoperative infection). Immunosuppressive 
diseases (e,g., feline leukemia virus [FeLV] and feline im¬ 
munodeficiency virus [FIV]) should be excluded in animals 

with pyothorax, but there is no eviden 
of pyothorax requires debilitation 
bility to infection. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


If chylothorax resolves spontaneously or after surgery, peri- 
o d i c re e va 1 u a ti o n for se ve ra I ye a rs is wa r rant ed to d e te c t re - 

currence. Fibrosing pleuritis is the most common serious 
complication of chronic chylothorax (see p. 806), Immuno¬ 
suppression may occur in patients undergoing repeated and 
frequent thoracentesis because of lymphocyte depletion. 


ce that development 
or an increased suscepti- 


A number of organisms often are cultured from animals 
with pyothorax; however, there is a high incidence of obli¬ 
gate anaerobes as sole pathogens (Table 32-15). Obligate 

anaerobic infections 


PROGNOSIS 


This condition 


may resolve spontaneously or after surgery. 
Untreated or chronic chylothorax may result in severe fi¬ 
brosing pleuritis and persistent dyspnea. Euthanasia fre¬ 
quently is performed in animals that do not respond to sur¬ 
gery or medical management. 


or gram-positive filamentous organ¬ 
isms (U. t Nocardm and Actinomyces spp.) frequently are cul¬ 
tured from dogs with pyothorax (Fig. 32-29); in cats, obli¬ 
gate anaerobes or Pasteurella spp, (or both) are the most 
common isolates. 
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PYOTHORAX 


DEFINITION 


Rad 

Hi on 

p. 804 


Pyothorax is a suppurative inflammation of the thoracic 
cavity with a resultant accumulation of pus. 


FIG 32-29 

Nocardial pleural effusion. 
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TABLE 32-15 


Morphologic Characteristics of Bacteria Commonly Associated with Pyothorax in Small Animals 


OXYGEN 

REQUIREMENTS 


ORGANISM 


GRAM'S STAIN 


ANTIBIOTIC SENSITIVITY 


Facultative anaerobe 
!o strict anaerobe 


Actinomyces spp. 


Ampicillin, amoxicillin plus clavulank acid, 
penicillin, clindamycin, chloramphenicol, erythro¬ 
mycin, minocycline 

Most Bacteroides spp,: am pit i Min, amoxicillin 
plus clavulank acid, clindamycin, chlorampheni¬ 
col, metronidazole 

8. fragills: amoxicillin plus clavulanic acid, clin¬ 
damycin, metronidazole, chloramphenicol 
Most Clostridium spp.: ampidllin, amoxicillin plus 
clavulank acid, chloramphenicol, metronidazole 
C. perfringens: am pi ci Min, amoxkiMin plus 
clavulank acid, cefoxitin, clindamycin, chloram¬ 
phenicol, metronidazole, erythromycin 
Amikacin, enrofloxacin, ceftizoxime, potentiated 

sulfa drugs 

Ampicillin, amoxicillin plus clavulanic acid, 

clindamycin, chloramphenicol, metronidazole 
Amikacin, ceftizoxime, gentamicin, tobramycin, 
ticarcilfin, enrofloxacin 

Gram positive (partly Trimethoprim-sulfa, amikacin, imipenem, 

ciprofloxacin, cefotaxime, ceftriaxone 

Ampicillin, amoxicillin plus clavulanic acid, 
cephalosporins, aminoglycosides 
TkarciHin plus clavulanic acid, amikacin, en¬ 
rofloxacin, gentamicin, tobramycin, cefotaxime 


Gram positive 


Bacteroides spp, 


Obligate anaerobe 


Gram negative 




Clostridium spp. 


Obligate anaerobe 


Gram positive 


fscfjer/cfi/a colt 


Aerobe 


m negative 
Grom negative 
Gram negative 


Fusobacterium spp. 


Obligate anaerobe 
Facultative anaerobe 


Kfef>$ie//a spp, 


Nacardio spp, 
Posfeuref/a spp. 
Pseudomonas spp. 


Aerobe 


acid fast) 


Facultative anaerobe 


Gram negative 


Aerobe 


Gram negative 


‘Drug names in boldface type are the typical drugs of choice, 


DIAGNOSIS 

Clinical Presentation 

Signalment. There is no breed predisposition, and 
pyothorax may occur in animals of any age; howe ve:r, young 
male cats that fight and receive chest wounds are at increased 
risk. Similarly, adult, large-breed dogs (particularly hunting 
dags) may he affected because they often inhale plant for¬ 
eign material and suffer penetrating thoracic wounds. 
History A delay of several weeks between the trauma 
that induced the pyothorax and the onset of clinical signs is 
not uncommon. Most animals are presented for evaluation 
of respiratory distress or anorexia or 

Physical Examination Findings 

Affected animals usually have a restrictive respiratory pat¬ 
tern (i,e„ rapid, shallow respirations), and many are febrile. 
Additional findings in patients with pyothorax may include 
depression,anorexia, weight loss, dehydration, muffled heart 
and lung sounds, and pale mucous membranes. The chest 
wall may seem incompressible in cats with thoracic effusion. 

Radiography and Ultrasonography 

Thoracic radiographs usually diagnose pleural effusion (see 
p, 804). The cause of the pyothorax is seldom apparent radi¬ 


ographically; however, increased density in the thoracic cav¬ 
ity alter thoracentesis may indicate an abscess or foreign 
body. Consolidated lung lobes that do not reexpand after 
fluid removal may indicate fibrosing pleuritis (see p. 806) or 
lung lobe torsion (see p. 778). 

Laboratory Findings 

Neutrophilia (with or without a degenerative left shift) may 
be present on a complete blood cell count. Fluid analysis is 
necessary to differentiate pyothorax from other exudative ef¬ 
fusions. The fluid can range from amber to red or white. The 
protein content usually is greater than 3,5 g/dl, and the fluid 
appears turbid or opaque because of the high nucleated cell 
count. Nucleated cells consist primarily oi degenerative neu¬ 
trophils (Fig, 32-30), but nondegenerative neutrophils can 
predominate, depending on the causative agent and prior 
antibiotic therapy. Effusions associated with fungi and 
higher bacterial agents such as Actinomyces and Nocardia 
spp. often are characterized cy to logically by non degenerative 
neutrophils and macrophages or may appear hemorrhagic. 
Macrophages and reactive mesothelial cells are present in 
purulent effusions in variable numbers, depending on the 
c a use and the ch ro mcity o f t h e 11 u t d. O ccas io nal 1 y, fungal el¬ 
ements may be noted in the pleural effusion of animals with 
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TABLE 32-16 
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Management of Animals with Pyothorax 


4* 


%S 


L* 4 * 




& 


1, Perform Gram's stain and culture and sensitivity of fluid 
and initiate broad-spectrum antibiotic therapy [see text 

and Table 32-15), 

2, Place one or more chest tubes and lavage thoracic 
cavity with 20 ml/kg b.w. warmed, isotonic fluid with 

heparin added (1500 U heparin/100 m! lavage solu¬ 
tion), 

3, Alter antibiotic therapy based on culture and sensitivity 
results (but treat for anaerobes even if none are grown 
in culture) and continue antibiotics for 4 to 6 weeks. 
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FIG 32-GO 

Cytologic study of pleural fluid From a cat with pyothorax. 
Note the predominance of degenerative neutrophils. 


, TABLE 32 17 


Selected Antibiotics* 


fungal disease involving the pulmonary parenchyma. Posi¬ 
tive culture results may not be obtained in all animals with 
pyothorax, particularly if anaerobic organisms are present. 


Actinomyces 
Ampicillin f 


20-40 mg/kg IM, SC, PO 


IV, qid 


or 


DIFFERENTIAL DIAGNOSIS 


Nocard ia 

Trimethoprim-sulfadiazine (Tribrissmn)f 


Any cause of dyspnea should be considered a differential di¬ 
agnosis (i.e., cardiac disease, pulmonary disease, mediastinal 
neoplasia, diaphragmatic hernia). Once pleural effusion has 
been diagnosed, other causes of exudative effusion (he., chy- 
lothorax, PIP) or trailsudative effusion (i.e., hypoalbumi He¬ 
rnia, congestive heart failure) must also be considered. Foul- 
smelling fluid suggests anaerobic bacteria. 


45 mg/kg PO, bid or 


Amikacin 


25-30 mg/kg IV or $C r sid§ 


*Treot for a minimum of 6 weeks. 

fMoy not be effective against L-phase variants. 

f Observe for side effects (e.g,, anemia, thrombocytopenia, hepatic 

disease, arthritis, vasculitis, keratoconjunctivitis sicca). 

§ Monitor periodically for renol dysfunction, 

IM, Intramuscular; SC, subcutaneous; PO, oral; IV, intravenous; qid 
four times o day; bid, twice a day; $id, once a day, 


MEDICAL MANAGEMENT 


Although the cause of the effusion often is not discernible, 
attempts should be made to find and, if possible, correct un¬ 
derlying diseases. Management of these animals needs to be 
aggressive (Table 32-16). After diagnosis, a chest tube should 
be placed. If available, continuous suction devices can be 
used; however, most animals can be managed with intermit¬ 
tent aspiration. Lavage should be performed two or three 
times daily. Isotonic fluid, such as saline or lactated Ringer s 
solution (warmed to room temperature), should be used at 
a dosage of 20 ml/kg of body weight. The fluid remains in 
the thoracic cavity for 1 hour and is then removed. Addition 
of antibiotics to the lavage fluid offers no advantage over the 
use of appropriate systemic antibiotics. If antibiotics are 
used in the lavage fluid, the systemic dose should be reduced 
to minimize toxicity. The use of proteolytic enzymes is con¬ 
troversial and is no longer recommended by most authors. 
However, the addition of heparin (1500 units/100 ml of 
lavage) appears to be beneficial. Lavage may be required for 
5 to 7 days. Systemic antibiotic therapy should be based on 
the results of microbial culture and sensitivity testing (see 
Table 32-15), The prevalence of anaerobic infections is high 
(see above), and a combination of drugs that are active 
against obligate anaerobic bacteria (i.e., ampicillin, clin¬ 
damycin, amoxicillm-davulanic acid, or metronidazole) 


and facultative bacteria, especially Escherichia coli (e.g., 
amikacin, enroll oxacin, ceftizoxime, or potentiated sulfa 
drugs), should be used. Antibiotics should be continued for 
a minimum of 4 to 6 weeks. Recommended antibiotics for 
Actinomyces and nocardiai infections are provided in Table 
32-17, 1 


i 
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t 


NOTE • Escherichia coli isolates appear to be less 

sensitive to enrofloxacin than in the past; this should 
be considered when choosing antibiotics before re¬ 
ceiving the results of culture and sensitivity testing, 
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SURGICAL TREATMENT 


'[ 


Surgery is indicated in animals that have underlying disease 
(i.e., lung abscess, lung lobe torsion, foreign body) and in 
those that do not respond to medical management in 3 to4 
days. If the pyothorax is chronic or localized or if the patient 
remains dyspneic in the absence of significant volumes of 


t. 


n 


tl 


n 


ii 



















815 


Chapter 32 Surgery of the Lower Respiratory System: Pleural Cavity and Diaphragm 




pleural fluid, fibrosing pleuritis may be present (see p, 806), 
Decortication may be warranted in such patients. 

Preoperative Management 

Thoracentesis should be performed before induction of 
anesthesia if the animal is dyspneic. The animal should be 
normally hydrated, and significant electrolyte and acid-base 
abnormalities should be corrected before surgery. 

Anesthesia 

Refer to anesthetic management of animals with respiratory 
impairment* p, 761, 

Surgical Anatomy 

See p, 789 for a description of the pleural space and fluid 
movement in normal animals. 


ral peel may inhibit normal expansion of lung tissue (fibros¬ 
ing pleuritis; see p. 794). If multiple lung lobes are fibrosed 
and cannot expand normally, the prognosis may be poor. 
Decortication is recommended if lung entrapment is sus¬ 
pected* Decortication is best performed once the empyema 

is mature but before it adheres to the pleura and becomes 

vascularized. 


Suggested reading 


Thompson 1C* Gartrdl BM, Melville VJ: Successful treatment of fe¬ 
line pyothorax associated with an Actinomyces sp. and Bac- 
teroides melamnagenicus, N Z Med } 40:73, 1992, 

Hirsch DC* fang SS: Antimictobial susceptibility of Nocardia nova 
isolated from five cats with nocardiosis, j Am Vet Med Assoc 
215:815, 1999. 

Walker AL, fang S5> Hirsh DC: Bacteria associated with pyothorax 
of dogs and cats: 98 cases (1989-1998), / Am Vet Med Assoc 
216:359* 2000, 


Positioning 

See the description of thoracic procedures beginning on p. 764, 




SURGICAL TECHNIQUE 


THYMOMAS AND THYMIC 
BRANCHIAL CYSTS 


Approach the thorax by an intercostal thoracotomy (see 
p. 764J if on abnormality can be localized to one hemitho- 
rpx or by a median sternotomy {see p. 764) if localization is 
not possible. Explore the thoracic cavity for abscesses, for¬ 
eign fejd/es, or other abnormalities and remove affected tis - 
subs, if possible, remove fibrin covering the lung tissues * Sub¬ 
mit appropriate samples for microbiologic examination and 
cufcre Place a chest tube for postoperative lavage. Before 
closure, lavage the thoracic cavity with warmedsterile 


DEFINITIONS 


Thymomas are tumors that arise from epithelial tissues of 
the thymus. Thymic branchial cysts develop from vestiges 
of the fetal branchial arch system. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Masses in the mediastinum of dogs and cats usually are neo¬ 
plastic, although abscesses, granulomas, and cysts occasion¬ 
ally are found. Lymphoma is the most common cranial me¬ 
diastinal tumor in dogs and cats. Other tumors occasionally 
found here include thymomas, chemodectomas (aortic and 
carotid body tumors), and ectopic thyroid and parathyroid 
tumors* Thymomas are the most common surgically treat¬ 
able neoplasm of the cranial mediastinum in dogs; most are 
benign. However, because the histologic appearance of the 
tumor correlates poorly with clinical behavior* the terms 
invasive or nouinvasive” are preferred. Stage I (i.e 
invasive) thymomas are well circumscribed and do not ex¬ 
tend beyond the thymic capsule (Table 32-18), Others may 
extend beyond the capsule locally or may invade surround¬ 
ing organs and/or metastasize to other thoracic or extratho- 

racic structures. 

The clinical signs associated with thymomas may be due 
to occupation of space, a paraneoplastic syndrome, or both. 
As thymomas enlarge, they may cause respiratory distress by 
compressing the lungs or trachea and/or inducing pleural ef¬ 
fusion, Effusions associated with thymomas may be serosan- 
guineous or chylous* Paraneoplastic syndromes are distant 
effects of a tumor. Nearly 50% of thymomas in dogs are as¬ 
sociated with myasthenia gravis (MG)* Myasthenia gravis is 

an autoimmune neuromuscular disorder characterized by 


Braided, nonabsorbable, multifilament suture (e.g,, silk) 
should not be used lor lobectomy or partial lobectomy in 
mese patients. Absorbable suture (i.e*, polydioxanone, 

polyglv coiiate) is preferred if infection is present. 




POSTOPERATIVE CARE 
AND ASSESSMENT 


fa 


jr 


Thoracic lavage should be continued after surgery until the 
infection resolves (see above). Serum protein and elec¬ 
trolytes (i.e., potassium) should be monitored and fluid 
therapy continued until the animal is eating and drinking 
normally. An t ibiotic thera py s hould be co nt inu ed fo r a in i n - 
imum of 4 to 6 weeks (see above). Refer to the postoperative 
management ol animals undergoing thoracotomy proce¬ 
dures, p. 768, for additional recommendations. 
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PROGNOSIS 


The prognosis for most animals with pyothorax is good if 
they m managed as described above. Recurrence is com- 
nitm in animals treated with antibiotics only (i.e,* without 
thoracic lavage). Long-standing empyema may resorb, Leav- 
mga pleural ‘peel/' which is a thick sheet of fibroblasts and 
nrhmmatory cells attached to the visceral pleura. This pleu- 
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TABLE 32-1 8 


Proposed Staging Scheme for Thymomas* 


STAGE DESCRIPTION 


Growth completely within intact thymic capsule 
Pericopsular growth into mediastinal fat tissue, 
adjacent pfeura and/or pericardium 
Invasion into surrounding organs and/or 
mtrathoracic metastasis 
Extra thoracic metastasis 

Paraneoplastic syndromes 

No evidence of paraneoplastic syndrome 
Myasthenia gravis 

Nonthymic malignant tumor 


II 
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FIG 32-31 

Radiograph of a cat with a well-delineated thymoma. Note 
the dorsal elevation of the trachea, indicative of a 

mediastinal mass. 


P 
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* Modified' from Aronson M: Vet Gin North Am Smp/i Anhn Pract 

15 : 755 , 1985 . 
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muscular weakness. The weakness is due to a deficiency of 
functional acetylcholine receptors in the neuromuscular 
postsynaptic membrane caused by auto antibodies that bind 
to and block the receptors. Another paraneoplastic syn¬ 
drome associated with thymomas is polymyositis. As thymo¬ 
mas enlarge, they may compress the cranial vena cava and 
other cranial thoracic vessels, causing edema of the head, 
neck, and/or forelimbs (cranial vena cava syndrome). 

Thymic branchial cysts develop from vestiges of the 
branchial arch system of the fetus. They may be found in the 
subcutaneous tissues of the neck or in the thymus. Rupture 
of these cysts may result in a chronic inflammatory reaction 
and abscessation. 


ment. Lethargy, anorexia, dyspnea, and pleural effusion are 
common in cats with thymoma. Occasionally thymomas are 

fortuitous findings on thoracic radiographs of asympto¬ 
matic animals. Clinical findings in dogs and cats with thymic 
branchial cysts are similar lo those in animals with thymo¬ 
mas. Most are presented for evaluation of progressive dysp¬ 
nea, Lameness and swelling of the head, neck, and forelimbs 
are also common. 
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Physical Examination Findings 

Clinical findings in dogs with thymomas vary between pa¬ 
tients. Respiratory abnormalities caused by pleural effusion 
or aspiration pneumonia may be the predominant finding, 
Othe r animals m ay be p re se n ted fo r evaf u a ti o n of general- 
ized exertional weakness without evidence of respiratory 

problems. Occasionally, localized forms of myasthenia are 
fo u n d i n wh ich the weak ness is li m i te d to t h e es oph agus, hr 
ynx or pharynx, or facial musculature. The most common 
clinical findings in dogs and cats with thymic branchial cysts 
are dyspnea and pleural effusion. 
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DIAGNOSIS 

Clinical Presentation 

Signalmen!, The average age of dogs with thymomas is 8 
to 9 years; however, thymomas have been reported in dogs as 

young as 3 years. Large-breed dogs, particularly German shep¬ 
herds, golden retrievers* and Labrador retrievers, are more 
commonly affected than small dogs. A gender predisposition 
has not been identified. Most cats with thymomas have been 
older than 8 years of age. Thymic branchial cysts also occur 
most commonly In middle-aged and older animals; however, 
dogs as young as 18 months of age have been affected. 
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NOTE • Be sure to evaluate all dogs with thymo¬ 
mas for myasthenia gravis and megaesophagus. 
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Radiography and Ultrasonography 

Animals with mediastinal masses may show dorsal eleva¬ 
tion of the trachea and caudal displacement of the heart on 
lateral thoracic radiographs (Fig. 32-31). On the ven¬ 
trodorsal view the mediastinum may appear widened, and 
the heart maybe deviated laterally. Pleural effusion is com¬ 
mon! y as so c i a ted w ith i n va s i ve t unto rs, a nd pneumn thorax 
is rare. Megaesophagus or secondary aspiration pneumo¬ 
nia (or both) may be noted on thoracic radiographs. Ultra¬ 
sonography often is helpful in ruling out extratboracit 
metastasis. 


ha’ 
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NOTE * even though the thymus involutes with age, 
both thymomas and thymic branchial cysts occur in 
middle-aged and older dogs. 


der 
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History, Dogs with thymomas may be presented for 
evaluation of dyspnea, coughing, weight loss, lethargy, dys¬ 
phagia, muscle weakness, vomiting and/or regurgitation, ex¬ 
cessive salivation, and/or neck edema. The onset of clinical 
signs may be acute despite relatively slow tumor enlarge- 


WT 


ma 


tior 


ful 


m y; 




















8T7 


Chapter 32 Surgery of the Lower Respiratory System: Pleural Cavity and Diaphragm 


TABLE 32-20 


TABLE 32-19 


Tensilon Test 


Differential Diagnoses for Cranial Mediastinal Masses 

in Dogs and Cats 


Edrophonium chloride (Tensilon)* 


Lymphoma 

Thymoma 

Chemodectoma 

Ectopic thyroid or parathyroid tumor 
Abscess 


Dogs; 0.1 -2 mg 


Cats: 0.5-1 mg 


Use with caution (see text). 


Thy 

Sen 


mic branchial cyst 


wannoma 
Teratoma 


| TABLE 32-21 


Thymic hyperplasia 


Drugs Used to Treat Acquired Myasthenia Gravis in Dogs 


Granuloma 


Pyridostigmine bromide (Meshnon, Regonol) 


0,02-0,04 mg/kg IV every 2 hours or 0.5-3 mg/kg PO, 


bid or tid 


Prednisone 


Laboratory Findings 

Specific laboratory abnormalities are not found with thy¬ 
moma or branchial cysts. Leukocytosis may be present if the 
animal has aspiration pneumonia. Pleural effusion associ¬ 
ated with thymoma or ihymic branchial cysts may contain 
mature lymphocytes; however* the presence of immature 
lymphocytes indicates lymphoma. Both lymphoma and thy¬ 
moma may cause chylous effusions (see p. 805)* 


1-2 mg/kg/day 


Azathioprine (Imuran] 


2.2 mg/kg PO, sid fo bid* 


* Watch far myelotoxicity, hepatitis, or pancreatitis. 

IV, Intravenous; PO, oral; bid, twice a day; fid, three times a day; 

s/d, once a day, 


DIFFERENTIAL DIAGNOSIS 


NOTE * Be aware of possible complications asso¬ 
ciated with the 

paralysis] and be prepared to deal with them 


Differential diagnoses for cranial mediastinal masses include 
both neoplastic and non neoplastic disease (Table 32-19). 
The most important differential diagnosis is mediastinal 
lymphoma* because treatment for lymphoma does not in¬ 
volve surgery. Therefore a definitive diagnosis should be 
made before surgery whenever possible. The presence of hy¬ 
percalcemia suggests lymphoma, whereas myasthen ia gravi s 

or megaesophagus suggests thymoma* However* hypercal¬ 
cemia has been reported in conjunction with thymoma in a 
dog (Harris et al„ 1991). A deftnitive diagnosis of lymphoma 
may be made by fine-needle aspiration or transthoracic nee¬ 
dle biopsy of the mass and/or pleural fluid evaluation. Using 
ultrasound to locate the site for biopsies may reduce the risk 
of perfbrating the crania 1 vena cava or other vaseuiar struc¬ 
tures. If a definitive diagnosis cannot be made preopera- 
lively a surgical biopsy with intraoperative cytologic evalua- 
t i or or analys i s o f fro ze n sec t i on s is ind i cat ed. The histo logic 
appearance of thymomas does not correlate well with be¬ 
havior, therefore exploratory thoracotomy often is required 
to determine if the tumor is invasive. 

Acquired myasthenia gravis can be diagnosed by the 
demonstration of circulating antibodies to acetylcholine re¬ 
ceptors. As an alternative* clinical signs and the response to a 

may help diagnose the disease. 
When edrophonium chloride is given intravenously, a dra¬ 
matic but transient improvement in voluntary muscle func¬ 
tion should be seen (Table 32-20). However* this is not a use¬ 
ful test for diagnosing megaesophagus associated with 
myasthenia gravis. 


of edrophonium [e.g., possible 


MEDICAL MANAGEMENT 


If aspiration pneumonia is present* the dog should be treated 
with appropriate antibiotics before surgery Dogs with 
megaesophagus sometimes benefit from being fed in an up¬ 
right position. Thoracentesis should be performed to remove 
pleural effusion* and an oxygen - enriched environment 
should be provided if the animal is dyspneic. Anti¬ 
cholinesterase (he., pyridostigmine bromide), corticosteroid, 
and/or cytotoxic (e.g.* azathioprine) therapy may benefit 
dogs with megaesophagus or weakness that occurs secondary 
to myasthenia gravis (Table 32-21). Fluid therapy and correc¬ 
tion of electrolyte abnormalities may be necessary in animals 
with severe or frequent regurgitation. Radiation therapy may 
reduce clinical signs in some animals with thymomas. 


SURGICAL TREATMENT 


Long-term survival without thymectomy has been reported 
in dogs with thymomas. However, surgical removal of stage 1 
or stage 11 thymomas may be indicated. Concurrent myas¬ 
thenia gravis makes therapy of thymoma more difficult. In 
human beings thymectomy helps resolve MG in many pa¬ 
tients despite persistent serum anti acetylcholine receptor au¬ 
toantibody titers. Too few dogs with both thymomas and MG 
have undergone surgery to predict the outcome in these pa¬ 
tients, Surgical removal of thymic branchial cysts Is indicated. 
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Preoperative Management 

Aspiration pneumonia should be resolved before surgery, 
and severe muscle weakness should he treated (see above)* 
Before induction of anesthesia, excess pleural fluid should be 
removed, and fluid and electrolyte abnormalities should be 
corrected* 


cafe the phrenic nerve and preserve it if possible. Ligate 
small vessels and bluntly dissect the mass and its capsule 
from surrounding tissues. Try to maintain th e integrity of the 

thymic capsule . if complete removal of the mass is not possi- 
remove qs much as can safely be excised. Submit tissues 
for histologic examination. Place a chest tube before thoracic 
closure. 


hie, 


Anesthesia 

Seep, 761 fo r reco mmen datio n s fo r an esth e ti c man agem e n t 

of patients undergoing thoracotomy procedures* Neuro¬ 
muscular blocking agents (he*, atracurium, pancuronium) 
should be avoided in patients with myasthenia gravis* Pa¬ 
tients with megaesophagus should be intubated while posi¬ 
tioned sternally rather than laterally, and the endotracheal 
cuff should be inflated immediately to protect the airway 
against aspiration. 

Surgical Anatomy 

The thymus is derived from the third and fourth pharyngeal 
pouches adjacent to the primordial cells of the thyroid gland 
and migrates caudaliy into the crania! mediastinum. It 
reaches maximum size in the dog at about 4 or 5 months. 
The thymus is bordered dorsally by the cranial vena cava and 
trachea* It is closely associated with many smaller blood ves¬ 
sels (e.g., branches of the brachycephalic trunk and internal 
thoracic arteries), which often require ligation during 
thymectomy. The phrenic nerve is closely associated with the 
do ns a! border of the thymus. 

Positioning 

Depending on the surgical approach chosen (see below), ei¬ 
ther the left thorax or the ventral thorax should be prepared 

for aseptic surgery. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Electro cautery is useful when removing thymomas and 
other vascular neoplasms. See also recommendations for 
thoracotomy on p* 768. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Animals with thymomas are at great risk of aspiration dur¬ 
ing the postoperative period; positioning them with the 
head elevated may reduce the risk* Also, suctioning the phar¬ 
ynx before extubation and extuhating with the cuff slightly 
inflated reduces the risk of aspiration if passive regurgitation 
has occurred during the surgical procedure. The animal 
should be observed for hemorrhage and pneumothorax 
post operatively. Adjuvant radiation therapy may be benefi¬ 
cial in animals with invasive tumors that cannot be com¬ 
pletely excised. The animal should be closely observed for 
development of paraneoplastic disease after therapy Anal¬ 
gesics should be provided postoperatively in these patients 
(Table 32-22), With thymomas the chest tube generally can 
be removed within 24 hours if hemorrhage or pneumotho¬ 
rax does not occur. Longer term tube thoracostomy may be 
necessary in animals with thymic branchial cysts if rupture 
of a cyst has caused pleuritis. 


SURGICAL TECHNIQUE 


PROGNOSIS 


i 


The prognosis depends on the invasiveness of the tumor, its 
size at the time of diagnosis, and the presence or absence of 
paraneoplastic disease. The prognosis for thymic branchial 
cysts and noninvasive thymomas is good* If paraneoplastic 
syndromes are present, the prognosis is guarded. 


Thymectomy may be performed through a left third or 
fourth space intercostal thoracotomy if the tumor is small or 
through a cranial median sternotomy (see p. 764)* If the 
mass is large, a median sternotomy approach allows better 
visualization of surrounding structures such as the cranial 
vena cava. Small, encapsulated thymomas usually can be re¬ 
moved without difficulty, but cytoreduction often is all that 
is possible with large, invasive tumors* Thymomas often are 

friable and occasionally cystic, and they should be handled 
with care to avoid seeding the thoracic cavity with tumor 
cells* Thymic branchial cysts appear as multilobulated 
masses containing numerous cysts on transverse section. 
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TABLE 32-22 


A; 


fo 


Postoperative Analgesics 


m 


Oxymorphone (Numorphan) 

0.05-0,1 mg/kg IV or IM every 4 hours [os needed) 

Butorphanol (TorbutoL Torbugestc) 

0.2-0*4 mg/kg IV, IM, or SC every 2 to 4 hours (as 
needed) 
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NOTE * If the tumor adheres to or closely surrounds 
the cranial vena cava, temporary occlusion of this 
vessel may facilitate surgery. Permanent ligation of 
the cranial vena cava may cause chylothorax. 
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Buprenorphine (Buprenex) 


tut 


5-15 pg/kg IV or IM every 6 hours (os needed) 


dy; 


Explore the thoracic cavity for evidence of metastasis. Iden¬ 
tify the cranial vena cava and other associated vessels * Lo¬ 


af 


IV, Intravenous; IM, intramuscular; SC, subcutaneous. 
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Reference 


than 6 nil of air resulted in tracheal rupture in 7 of 10 ca¬ 
davers. For the clinically normal cats, the volume of air 
(mean ± SD) needed to obtain an airtight seal was 1,6 ± 0.7 
ml. The authors concluded that overinflation of an endotra¬ 
cheal tube cuff may result in tracheal rupture in cats, 

Mitchd SL, McCarthy R, Rudloff E> Pernell RT. Tracheal 
rupture associated with intubation In cats: 20 cases (1996- 
1998). } Am Vet Med Assoc 216:1592, 2000. The purpose of 
this study was to characterize clinical features of tracheal 
rupture associated with endotracheal intubation in cats and 
to evaluate the most appropriate treatment for this condi¬ 
tion. A retrospective study was conducted using 20 cats with 
a history of endotracheal intubation that subsequently de¬ 
veloped dyspnea or subcutaneous emphysema. Eighteen of 
19 cats initially were treated medically tor tracheal rupture. 
The duration of medical treatment for cats that did not have 
surgery ranged from 12 to 72 hours. Cats that had surgery 
received medical treatment 3 to 24 hours before the surgical 
procedure. Medical treatment alone was administered to 15 
cats that had moderate dyspnea, whereas surgical treatment 
was chosen for 4 cats that had severe dyspnea (open-mouth 
breathing despite treatment with oxygen) or worsening sub¬ 
cutaneous emphysema. Eighteen cats had improvement of 
clinical signs, 1 cat died after surgery, and l cat died before 
medical or surgical intervention. The authors concluded that 
most cats with tracheal rupture associated with intubation 
can be treated medically. Cats with worsening clinical signs 
(severe dyspnea, suspected pneumothorax, or worsening 
subcutaneous emphysema) should undergo surgery imme¬ 
diately to correct the defect. 

Sasse S, Nguyen TK, Teixeira LR, Light R. The utility' of 

daily therapeutic thoracentesis for the treatment of early 

empyema. Chest 116:1703,1999. The purpose of this study 
was to determine if therapeutic thoracentesis was as effective 
as early chest tube placement or no drainage procedure in 
the treatment of early empyema. An empyema was induced 
in 49 rabbits. The rabbits were divided into three groups. 
The mortality rate in the therapeutic thoracentesis group 
(0/16) did not significantly differ from that in the chest tube 
group (3/14) or the control group (6/19). The mean pleural 
peel score of 5,8 ±1.1 in the therapeutic thoracentesis group 
was significantly lower than the score for the noninterven¬ 
tion control group (13.4 ± 1.6). The authors concluded that 
therapeutic thoracentesis is at least as effective as early chest 
tube placement for the treatment of early empyema using 
the rabbit model. 


Harris CL el al: Hypercalcemia in a dog with thymoma,/ Am A aim 
Hasp Assoc 27:281,1991. 

Su ggested reading __ 

Hum GB et al: Excision of a locally invasive thymoma causing cra¬ 
nial vena caval syndrome in a dog, j Am Vet Med Assoc 210:1628, 

1997, 

Kicbanow ER: Thymoma and acquired myasthenia gravis in the 
dog: a case report and review of 13 additional cases, J Am A aim 
Hasp Assoc 28:63, 1992, 


S e/ecfec/ abstr a cfs of recent manuscripts _ 

Possum TVV, Miller MW. Pericardiectomy for the treat¬ 
ment of chylo thorax in 5 dogs and 2 cats. J Am Vet Med As - 
soc r (in press). Pericardiectomy was performed alone or in 
conjunction with thoracic duct (TD) ligation in 7 animals 
that were presented over a 2 V -year period for evaluation of 
chylo thorax (4 dogs, 2 cats) or serosanguineous pleural fluid 
after TD ligation that had been performed elsewhere (1 
dog). In 1 dog, TD ligation and pericardiectomy were per¬ 
formed at the same time; in 3 dogs and 1 cat, pericardiec¬ 
tomy was performed 2 to 9 months after ID ligation had 
failed to resolve the pleural effusion; and in I dog and 1 cat 
(each with chylo thorax), pericardiectomy alone, without 
concurrent or previous TD ligation, was performed Clinical 
signs of pleural fluid resolved in all animals after the peri¬ 
cardiectomy. One dog was lost to follow-up at 6 months but 
had no evidence of pleural effusion at that time. One other 
dog underwent thoracentesis 4 months after the pericardiec¬ 
tomy; further chest taps have not been performed in the past 
14 months in that animal. The remaining 5 animals did not 
require thoracentesis after the immediate postoperative pe¬ 
riod and have had no clinical evidence of pleural effusion for 
a mean of 17 months (range, 5 to 33 months). The authors 
recommend pericardiectomy in any animal in which a 
serosanguineous effusion continues after TD ligation. Fur¬ 
ther studies are warranted to determine which animals will 
benefit from pericardiectomy either as sole therapy or in 
conjunction with TD ligation. 

Hardie EM, Spodnick GJ, Gilson SD, Benson JA, Hawkins 
EC. Tracheal rupture in cats: 16 cases (1983-1998). J Ant Vet 
Med Assoc 214:508, 1999. A retrospective study was per¬ 
formed to identify the causes of tracheal rupture and the 
mechanism of injury in 16 cats presented for treatment of 
clinical signs of tracheal rupture. The mechanism of injury 
was also studied in 10 cat cadavers. A final third study was 
conducted to determine the volume of air needed to obtain 
an airtight seal when inflating the cuff of an endotracheal 
tube in a cat using 20 clinically normal cats that were under¬ 
going anesthesia. Clinical signs associated with tracheal rup¬ 
ture included subcutaneous emphysema, coughing, gagging, 
dyspnea, anorexia, and fever. Tracheoscopy was the method 
of choice for documenting tracheal rupture. In the cadaver 
study, overinflation of the endotracheal tube cuff with more 


Sasse S, Nguyen TK, Mulligan M, Wang NS, Mahutte K, 
Light RW. The effects of early chest tube placement on 
empyema resolution. Chest 111:1679, 1997. This study was 
designed to determine the impact of the timing of chest tube 
insertion on outcome for the treatment of empyema using a 
new animal model of empyema. A prospective, controlled, 
randomized study was performed using 66 rabbits. The 
median gross score, mean pleural peel score, and median 
microscopic scores were significantly higher in the rabbits 
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that underwent late chest tube placement (72 hours) com¬ 
pared with those that underwent early chest tube placement 
(24 or 48 hours). The authors concluded that this study sup¬ 
ports previous statements and analyses that early chest tube 
placement (relative to delayed chest tube placement) is ben¬ 
eficial for the treatment of empyema. 

Teixeira LR, Sasse SA, Villarino MA, Nguyen T> Mulligan 
ME, Light RW. Antibiotic levels in empyemic pleural fluid. 
Chest 117:1734, 2000, The degree to which bioactive peni¬ 
cillin, metronidazole, ceftriaxone, clindamycin, vancomycin, 
and gentamicin penetrate empyemic pleural fluid was stud¬ 
ied in a rabbit model The results showed that the degree to 

which these different antibiotics penetrated the infected 
pleural space varied considerably. Penicillin penetrated most 
easily followed by metronidazole, ceftriaxone, clindamycin, 
vancomycin, and gentamicin. The authors concluded that an¬ 
tibiotics vary markedly in their ability to penetrate empyemic 
fluid, and this should be considered when such drugs are se¬ 
lected for the treatment of patients with empyema. 

Walker AL S Jang SS> Hirsh DC Bacteria associated with 
pyothorax of dogs and cats: 98 cases (1989-1998 ).} Am Vet 
Med Assoc 216:359, 2000, A retrospective study was per¬ 
formed using 51 dogs and 47 cats to determine the organ¬ 
isms most commonly isolated from pleural fluid from ani¬ 
mals with pyothorax. The results of bacteriologic culture of 
pleural fluid samples obtained by means of thorcentesis 


were obtained from medical records. The median age of af¬ 
fected dogs and cats was 4 years. Bacteria were isolated from 
pleural fluid samples from 47 of 51 (92%) cats. Obligate 
anaerobic bacteria were isolated from 28 dogs and 40 cats. 
A mixture of obligate anaerobic and facultative bacteria was 
isolated from 17 dogs and 20 cats. Samples from cats most 
often yielded a member of the nonenteric group (most 
commonly members of the genus Pasteuiella), whereas 
those from dogs more often yeilded a member of the family 
Enterobacteriaceae (most commonly Escherichia coli). Re¬ 
sults suggest that antimicrobial agents chosen for the initial 

treatment of dogs and cats with pyothorax should be effec¬ 
tive against a mixture of obligate anaerobic and facultative 
ba c teria, 


White RN, Burton CA, Surgical management of intratho- 
rack tracheal avulsion in cats: long-term results in 9 con¬ 
secutive cases. Vet Surg 29:430, 2000, A retrospective study 

was performed to evaluate the outcomes and complications 
in a consecutive series of cats undergoing surgical repair of 
intrathoracic tracheal avulsion injuries. Long-term resolu¬ 
tion of clinical signs was achieved in all cats after resection of 
the damaged trachea and repair by end-to-end anastomosis, 
5 u r ge ry wa s p e rfo rm ed by mea n s o f a r ight la tend thora co- 
tomy. Follow-up periods ranged from 12 months to 2,9 
years. One cat developed transient, unilateral, left-sided la¬ 
ryngeal paralysis 2 to 3 months after surgery. 
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Fracture Management 
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GENERAL PRINCIPLES 
AND TECHNIQUES 




, luxation) often have concurrent external or 
internal organ system injury. Cardiovascular, pulmonary, 
urinary, and neurologic systems are most frequently injured. 
If abnormalities are found, a differential diagnosis and diag¬ 
nostic plan for each problem should he developed and addi¬ 
tional diagnostic tests completed. For example, cardiac 
hythmias and femoral pulse abnormalities may be found i 
patients with traumatic myocarditis, necessitating thoracic 
radiographs and an electrocardiogram (EGG) to assess treat¬ 
ment options and anesthetic risk. Auscultation may detect 
pulmonary injury (e.g., lung contusion, pneumothorax), but 
physical changes may be subtle and missed on physical 
ami nation. Because one third or more of fracture patients 




of 










lu 


•v 


r/J 




1 of 

isis. 


PREOPERATIVE CONSIDERATIONS 


LCO- 


Orthopedk patients may present for elective surgery (e.g., 
cranial cruciate ligament injury, hip dysplasia, osteochondri- 
G dissecans), nonelective surgery (e.g., bone fractures, joint 
luxations), or conditions that require emergency treatment 
(e.g., open fractures, open joint dislocations). When animals 
present for elective surgery, there is ample time to perform 
an appropriate preoperative diagnostic evaluation. Younger 
patients (less than 2 years old) should have selected screen- 
rng laboratory tests, including packed cell volume (PCV), 


ar- 


2.9 


1 la¬ 


in 


r 


have some degree of pulmonary injury, preoperative 
lion should include thoracic radiographs. Some abnormal!- 

necessitate that surgical repair of the orthopedic 
disease he delayed (e.g., uroabdomen; see p. 587), whereas 
others may alter the prognosis such that repairing the ortho¬ 
pedic condition is not justified (e.g 

loss of deep pain sensation). 

Because most orthopedic patients that need immediate 
emergency surgical care have sustained trauma, labora¬ 
tory evaluation is essential. A minimum database should in¬ 
clude a 


ev 


Fecal analysis and heart- 


strum total solids, and urinalysis. 


worm tests may be indicated, depending on the history and 
animal's geographic location. The need tor further labora¬ 
tory evaluation should be based on signal merit, physical 
animation,and results of initial screening tests. 

Older patients (2 years and older) with orthopedic dis¬ 
ease must be assessed more carefully than younger patients, 
lust is the physiologic properties of the musculoskeletal sys¬ 
tem decline with age, other organ systems also deteriorate. 
Thorough physical examination remains the foundation of 
preoperative evaluation and should he supplemented with a 
complete blood count, chemistry profile, and urinalysis. 
Special diagnostic tests (e.g., coagulation profile) may be in¬ 
dicated, depending on the history, signalment, and physical 
findings. 

Patients in need of immediate or emergency surgical care 
should ii ave a tli o rough an d com pi ete p hy sica I e va 1 uation. 
Serial examinations are important because serious or poten¬ 
tially lethal problems may not become evident for several 
burs or days after the injury. Although organ dysfunction 
may be evident (or suspected) on initial physical examina¬ 
tion, repeated examinations may be necessary to define the 
seventy ot injury. Animals that have received an external 
>low severe enough to disrupt musculoskeletal integrity 


ties may 


ex- 


vertebral fracture with 


or 


complete blood count, chemistry profile, and urinal¬ 
ysis. Additional laboratory tests (e.g., coagulation profile, 
electrolytes, acid-base balance) maybe required to assess dif¬ 
ferential diagnoses developed on physical examination. Ab¬ 
normal values should be assessed in light of physical find- 


serial tests should be 


and the need for additional or 


mgs 

determined. Serial tests are useful to validate abnormal find¬ 


ings and monitor patient progress. Delaying surgical inter¬ 
vention until abnormal organ function returns to normal is 
o pt i m al; h owever, it i s o ften n o t feas i b 1 e. 


PREOPERATIVE COAPTATION 


Unstable injuries should be coapted to reduce further soft 
tissue injury and increase patient comfort. External splints 

he used to provide temporary limb support or as a 


can 
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primary means of fracture stabilization. To avoid complica¬ 
tions, external splints must be properly applied and carefully 
monitored. Most complications associated with external 
splints are minor (e,g.> swelling of limb distal to splint, splint 
slippage, skin abrasions), although serious complications 
may occur (e.g,, fracture nonunion, loss ot a limb from is¬ 
chemic necrosis). Therefore the appl 
splint should not be considered a minor procedure or one 
that does not require careful observation. The most com¬ 
mon temporary supports are Robert Jones bandages and 
lighter bandages supported with spoon splints or other 
coaptation materials (Table 33-1). Fractures or luxations be¬ 
low the elbow and stifle joint are best managed with a soft 
padded bandage, with or without additional support using 
fiberglass casting or metal splints. Fractures above the elbow 
or stifle joint are more difficult to coapt. A 
crosses the body above the shoulder (or hip) provides the 
best external coaptation (see p, 823), 

Robert Jones Bandages 

Robert Jones bandages and their modifications are the exter¬ 
nal splints most often used in veterinary patients. These 
bulky, cot ton-gauze wrappings are typically used be to re or 
after surgery for temporary limb splintage. The original 
Robert Jones bandage used commercially available, 12-inch, 
rolled cotton that was liberally applied to the limb to a thick¬ 
ness of 4 to 6 inches. Modified Robert Jones bandages use 
less cotton but still provide compression. The thick cotton 
layer provides mild compression of soft tissues and immobi¬ 
lizes fractures without causing vascular compromise. Soft 
tissue and bone immobilization enhances patient comfort 
and prevents further soft tissue damage from sharp bone 
fragments. Additionally, Robert Jones bandages help elimi¬ 
nate dead space after surgery. 


NOTE • Robert Jones bandages extend from the 
toes to the midfemur or mid humerus and are only 
useful when applied to injuries below the stifle or el¬ 
bow joint. 


Prepare the limb by dipping long hair from the midhumerus ■ 
(midfemur) to the toes, and treat any open wounds. Apply 11 
adhesive tape stirrups to cranial and caudal surfaces of the IB 

foot from carpus (tarsus) to 6 inches beyond the toes (Fig, IB 
33 - 1 , A). Wrap 3 to 6 inches of cotton pa dding (from a | 
12-inch roll or cast padding) around the limb from toes to 
midhumerus (midfemur) (Fig. 33d r B/. Ensure that the nails 
of the third and fourth digits are visible so tha11imb swelling 
be defected. Then wrap elastic gauze firmly over fj 
ton to compress it (Fig 33-1, C)> Apply at least two to three 
layers of gauze to achieve smooth, even tension; sufficient 

cause the bandage to sound like a ripe wti* 


external 




compression 

ter melon when tapped with a finger Invert the tape stirrups 
and stick them to the outer layer of gauze. Then apply elas¬ 
tic tape (eg., Elasticon, 

bandage (Fig. 33-1 , DJ, 


Vetrap) to the outer surface of the 




Metal Spoon Splints 

Metal spoon splints [metasplints) are used to provide sup¬ 
port to injuries of the distal radius and ulna, carpus or tar¬ 
sus, metacarpus or metatarsus, and phalanges. Metasplints 
are used for ancillary support of internal fixation devices or 
as a primary means of fixation when the patient fracture 
assessment score (see p. 855) indicates minimal stress and 
rapid healing. Spoon splints are commercially available in 
aluminum or plastic in a variety ot lengths and sizes. 




Clip long hair and treat open wounds (see p, 137j before 
covering them with a sterile dressing . Apply adhesive tope 
stirrups from the carpus (tarsus) to toes , leaving the ends fre 
tending 6 inches beyond the toes r Firmly apply cast padding 
around the limb'in a spiral fashion with a 50% overlap (Rg, | 
33-2, A). Begin the padding at the toes and extend it prox¬ 
imo/// I /neb beyond the proximal aspect of the splint Ap 
ply just enough cotton to prevent skin abrasions and pres* 

but do not make the bandage so bulky that it m! 
be awkward for the patient. Cover bony prominences wifi 
excess padding , Wrap elastic gauze over the cotton to 

it (Fig. 33-2, BJ, Place the padded limb in an 

it to the limb with VelrapB 

tope (Fig. 33-2 , C and Dj. /nverfondshei fl 


TABLE 33-1 


Materials Needed for Application of Bandages, Splints, 
and Casts 


ROBERT METAL 

JONES SPOON 
BANDAGE SPLINT 


sure sores. 


SPICA 

SPLINT 


CAST 


Cast material 


Metal spoon 
splint 
Adhesive 
tape 

Cast padding 
Gauze 


Adhesive 
tape 

Cast padding Stockinette 


Adhesive 

tape 

Cotton 

padding 

Gauze 


comp re$s 

appropriate-sized splint and secure 


or elastic adhesive 


the stirrups to the final wrapping. 


Adhesive 


Gauze 


tape 


Soft Padded Bandages 

Soft padded bandages are used when excessive compression 
of the tissues is not desired. The bandage 
as described earlier for mason metasplints. Instead of usLna. 
the preformed metasplinf, the bandage may be applied with* 
out a splint, or a lateral splint made of fiberglass casting mi¬ 
te rial inserted to reinforce the bandage, as described next for 


Cast padding 


Elastic tape 


Elastic 
tape or 
Vetrap 


or Vetrap 


Is initially a 


Elastic tape 

or Vetrap 


Gauze 


Cast 




material 


/ 


or Vetrap 
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FIG 33-1 

A ; When applying a Robert Jones bandage, place adhesive tape stirrups on the crania 
and caudal surfaces of the foot from the carpus (tarsus] to 6 inches beyond the toes. Cover 
any wounds with a nonadhesive pad, B, Then wrap 3 to 6 inches of cotton padding 
around the limb. C, After applying tape stirrups and cotton padding on the limb, wrap 
elastic gauze firmly over the cotton to compress it, D, Then apply elastic tape to the outer 
surface of the bandage. 


to the affected limb. Then wrap elastic gauze over the cast 

padding (50% overlap). Wrap the gauze firmly around the 
limb for mild compression of the soft tissues . Reinforce the 
spica bandage with fiberglass casting material to provide 
additional stabilization of the fracture ends , Fold the casting 
tape onto itself to provide a lateral splint that is four to six 
layers thick , extending from foes to dorsal midline , Use Ve- 
trap or elastic adhesive tape to hold the fiberglass cast to the 
Iimb and provide an outer covering for the splint . 

Follow-up Care 

After placement of a Robert Jones bandage, soft padded 
bandage, metal spoon splint, lateral splint, or spica splint, 
the toes should be observed twice a day for swelling. The 
bandage or splint must be kept clean and dry. If it is wet 
outside, a plastic bag should he temporarily placed over the 
limb to cover the toes and bandage. The limb should be ob 
served for signs of irritation or discharge, and the bandage 
or splint should be removed to inspect the limb if either is 
present. 


spica splints. Reinforcing a padded bandage applied to the 
rear limb with a lateral splint also prevents the bandage from 
folding as the limb is used. 

Spica Splints 

Spica splints envelop the torso and affected limb and are of¬ 
ten used as temporary splints to immobilize humeral or 
femoral fractures or as adjunctive stabilization alter internal 
fixation. They are rarely used as a primary means of stabi¬ 
lization unless the fracture is non displaced and the fracture- 
assessment score indicates that rapid bone union will occur. 




i 




} 


3 


i 


D 


Clip long hair and treat open wounds (see p, 1 37) before 
covering fbem with a sterile dressing. Place adhesive tape 
stops on the cranial and caudal surfaces of the limb , and 
apply cotton cast padding to the limb and torso. Begin the 
podding at the paw and wrap it proximolly in a spiral fash 
overlapping it 50%. When the inguinal or axillary re 

g I on is reached, v/rap the cotton padding around the and 
mo/s torso several times , alternating cronially and caudally 
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FIG 33-2 

A, When placing o spoon splint on a 

spiral fashion with a 50% overlap. B, Wrap elastic gauze firmly over 
C, Place the padded limb in an appropriate sized splint, D, Secure the splint to the limb 

with Vetrap or elastic adhesive tope. 


around the limb in a 


limb, firmly apply cast padding 


cast 


ing. 


ANESTHETIC CONSIDERATIONS 


anesthetic protocols that include analgesic agents supple¬ 
mented with epidural analgesia are recommended to de¬ 
crease intraoperative pain response and reduce the amount 
of anesthetic needed. In a recent study, transdertml fentanyl 
was more effective in relieving postoperative pain thar 
epidural morphine in experimental dogs undergoing major 
orthopedic surgery (Robinson et al, 1999). Fentanyl patches 
are available in various sizes designed to release the drug at a 
constant rate for approximately 72 hours (Table 33-3), 
Analgesics should be administered for 12 to 24 hours af¬ 
ter surgery, depending on the procedure and results of serial 
patient evaluations. Butorphanol or buprenorphine is recom¬ 
mended in patients undergoing procedures requiring mini¬ 
mal tissue manipulation (Table 33-4). Hup renorphine pro i 
vides longer postoperative relief (6 hours) compared with 
butorphanol (2 hours) and is more useful wh en redosing is 
inconvenient after surgery. In patients undergoing morr I 
painful procedures that require significant tissue manipub 1 
tion (e.g., triple pelvic osteotomy) or in those with traumatic I 
injuries, oxy morph one or morphine is recommended. In k I 
latter patients, opioid epidural agents can be administered eo j 
supplement systemic o 


Anesthetic protocols should be based on signal men t> physi¬ 
cal examination findings, and laboratory analysis. Patients 
who present for correction of elective orthopedic problems 
(e.g., cruciate reconstruction) and who have no preoperative 
findings suggestive of majo r o rgan dysfunction can be man - 
aged using a variety of anesthetic techniques (Table 33-2), 
Patients undergoing correction of acute traumatic injuries 
or systemic disease should be anesthetized with care, EGG 
and thoracic radiographs should be performed and hypov¬ 
olemia corrected before surgery. 


PAIN MANAGEMENT 


Trauma patients may benefit from preoperative analgesics 
such as morphine or transdermal fentanyl. The level of post¬ 
operative discomfort and the duration of discomfort should 
be assessed to determine choice of analgesic before surgery. 
Most orthopedic surgery is considered moderately to se¬ 
verely painful. Clinical and experimental studies dearly indi¬ 
cate that analgesics are most effective when administered be¬ 
fore painful stimuli; thus they should be administered 

part of the preoperative medication. Balanced 


esia (Table 33-5), 


initially as 
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TABLE 33-2 


TABLE 33-3 


0 


Suggested Protocols for Anesthetic Management 
of Patients with Orthopedic Disease 


Guidelines for Fentanyl Patch Dosing 


BODY WEIGHT (k 


PATCH SIZE (uq/hr 


for stable patients and those presented 

for elective procedures 
Premedication 


Not recom mended | 


<3.2 


3.2 to 6,8 


25 


6.8 to 18.2 

18,2 to 27,3 


50 


Glycopyrrelate [0.005-0.01 1 mg/kg SC or IM) or at¬ 
ropine (0,02-0.04 mg/kg SC or IM) plus Oxymorphone 
(0.05-0.1 mg/kg SC or IM) or Sutorphartol (0,2-0.4 

mg/kg SC or !M) or Buprenorphine (5-15 p.g/kg IM] 
and Acepromazine (0.05 mg/kg, not to exceed 1 mg 


* Guidelines are not well established; general ly, transdermal fentanyl 


SC or IM) 


patches should deliver 1 to 4 ug/kg/h 


r. 


|A 25-pg/hr patch may deliver up to 7.8 pg/kg/hr in a 3.2-kg pa¬ 
tient and is not recommended; it is unknown how covering a portion 
of the patch or cutting the patch affects delivery. 


Induction 

Thiopental (10-12 mg/kg IV) or propofol (4-6 mg/kg IV) 

Maintenance 

Isoflurane, halothane, or sevoflurane 

For unstable animals that have recently had trauma 
Induction 

Oxymorphone (0,1 mg/kg IV) plus diazepam (0.2 mg/kg 
IV). Give in incremental dosages. Intubate if possible. 

If necessary give etomidafe (0.5-1.5 mg/kg IV). Alter¬ 
natively mask induction or thiopental or propofol at ex¬ 
tremely reduced dosages may be used. 

Maintenance 

Isoflurane or sevoflurane 


TABLE 334 


0 


* 


Systemic Analgesics 


* Oxymorphone (Numorphan); 0.05-0. 1 mg/kg IV, IM, 
every 4 hours (as needed) 

* Butorphanol (Torbutal, Torbugesic): 0.2-0.4 mg/kg IV 
IM, or SC, every 2-4 hours (as needed) 

* Buprenorphine (Buprenex): 5-15 pg/kg IV, IM every 6 
hours (as needed) 

Morphine: 0.4 mg/kg SC or IM, every 4-6 hours (as 

needed) 




SC Subcutaneously; IM, intramuscularly; IV, intravenously 


IV, intravenously; IM, intramuscularly; SC, subcutaneously. 


TABLE 33-5 


Epidural Anesthesia in the Dog 


ONSET OF 
ACTION (MINUTES 


DURATION OF 
ACTION (HOURS) 


DRUG 


DOSE 


t 


Lidocaine 2% 


1 mi/3.4 kg (T 5 )t 
! ml/4.5 kg (T 13 4)t 
1 ml/4,5 kg 


10 


1-1.5 


n 


Bupivocaine (0.25% or 0.5%)* 

(preservative free) 

Fentanyl 

Oxymorphone 

Morphine (preservative free) 
Buprenorphine 


20-30 


45-6 


u 




0,001 mg/kg 


4-10 


6 


a 


15| 


0.1 mg/kg § 


23 


20 


.f- 


0.003-0.005 mg/kg 


12-18 


(diluted with saline) 


al 


n- 


f Avoid head-down position after epidural, 

*A block io T| leads to intercostal nerve par 
{Approximate onset of action. 


11 - 


sis; a block to C7-C5 leads to phrenic nerve paralysis. 


Q- 


Lth 


&The dose for epidural 


morphine in cats is 0.03 mg/kg 


is 


>re 


la- 


Whan using opioids preoperatively, be sure to adjust the sys¬ 
temic opioid dose to account for the dose given epidurally; 
colocate /fie total patient close and divide between systemic 


Patients undergoing surgery of the rear quarters may be 
given oxymorphone, buprenorphine, or morphine as an 
epidural agent. 
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with severe soft tissue and bone trauma, multiple fractures, 
and traumatic surgical procedures are most likely to develop 
postoperative wound infections. Therefore prophylactic an¬ 
tibiotics should be administered in contaminated cases (open 
injuries), patients with severe trauma (significant soft tissue 
bruising and swelling or multiple bone fractures), and cases 
requiring lengthy operative times (2 hours or longer). Pro¬ 
phylactic antibiotics are also effective in routine orthopedic 
surgery. Results of a recent clinical study showed that pro¬ 
phylactic antibiotics administered 30 minutes before clean 
orthopedic surgical procedures and repeated every 2 hours 
during surgery resulted in fewer postoperative infections 
than in control patients given a saline placebo (Whittem et al, 
1999). Also, prophylactic antibiotics are recommended for 
elective procedures in which postoperative infection would 
be catastrophic (e.g., hip replacement). See Chapter 10 for 
ge ne ral pro p hvlacti c anti b io tic re co m mend ati o n s. 

If prophylactic antibiotics are used, they must be used 
properly. Timing of antibiotic administration and rational 
selection of appropriate antibiotics must be considered. Ef¬ 
fective antimicrobial use is based on two criteria: (1) which 
microorganisms are most likely to cause orthopedic wound 
infections and (2) which antibiotics are most likely to be 
effective against potential offending microorganisms. 
Coagulase-positive Staphylococcus species and Escherichia 
coii are the predominant aerobic bacteria isolated from sur¬ 
gical wounds in small animal patients. Anaerobic bacteria 
(e.g*, Bacteroides > Fusobacterium , and Clostridium spp.) are 
now also recognized as important pathogens in orthopedic 
patients. Knowledge of common offending microorganisms 
in correlation with results of periodic culture of surgical ta¬ 
bles, instrument stands, and surgical lights provides insight 
into potential bacteria in the surgical environment. 

At present, cefazolin is the antibiotic of choice for pro¬ 
phylaxis in small animal orthopedic surgery. Cefazolin levels 
must be present within tissues at the time bacteria enter the 
wound to suppress bacterial growth effectively Thus antibi¬ 
otics must be administered before surgery rather than after 
completion of the procedure. However, there is no reason to 
begin prophylactic antibiotic administration long before 
surgery Based on empiric and experimental evidence an¬ 
tibiotics should be administered intravenously (IV) at the 
time of anesthetic induction, repeated every 2 to 4 hours* 
and discontinued at completion of surgery. Concentrations 
of the drug equal to or greater than the minimum inhibitory 
concentration (MIC) needed to prevent proliferation of 
known pathogens is desirable. The cefazolin MIC for 
coagulase-positive Staphylococcus species and E. coii is I 
mg/ml. Cefazolin, 20 mg/kg IV, administered 20 minutes be¬ 
fore surgery and repeated every 2 to 4 hours maintains drug 
concentrations at the surgery site above 4 mg/ml. I 

Antimicrobial Therapy for Bone Infections 

Traditional belief that bone infections are difficult to treat be¬ 
cause antibiotics exhibit poor bone penetration has recently 
been shown to be invalid. Factors in treatment of bone infec¬ 
tion are fracture stability presence of surgical implants, and 


TABLE 33-6 


Orthopedic Pa in M an a g emen t 


Preoperative 


* As dictated by current or anticipated pain 

* Morphine: 0.4 mg/kg IV slowly IM, or SC every 4-6 
hours (as needed), or 


* Transdermal fentanyl patch: see Table 33-3, or 

* Butorpbano! (Torbutrol, Torbugesicj: 0,2-0.4 mg/kg IV, 
IM, or SC every 2-4 hours (as needed) 

* Oxymorphone (Numorp 
every 4 hours (as needed) 

* Buprenorphine (Buprenex): 5-15 pg/kg IV or IM every 
6 hours (as needed) 


han): 0.05-0.1 mg/kg IV or IM 


Intraoperative 

* Balanced anesthesia, including epidural analgesia 

Postoperative: first 24 hours 

* Morphine: 0.4 mg/kg IV slowly IM, or SC every 4-6 

hours (as needed), or 

* Butorphanol (Torbutrol, Torbugesic); 0,20.4 mg/kg IV, 
IM, or SC every 2-4 hours (as needed] 

* Oxymorphone (Numorphan); 0.05-0.1 mg/kg IV or IM 
every 4 hours (as needed) 


* Buprenorphine (Buprenex): 5-15 pg/kg IV or !M every 
6 hours [as needed) 

Postoperative: after 24 hours 


* Carprofen (Rimadyl): 2.2 mg/kg, PO, bid for 3-7 days 

* Etodolac (Etogesic): 10-15 mg/kg PO sid for 3-7 days 


IV, Intravenously; \M t intramuscularly; SC, subcutaneously; PO, 
orally; hid, twice daily; sid, once □ day. 


NOTE • A brachial plexus block using bupivacaine 

(see Chapter 12) may provide additional analgesia 
in some patients undergoing surgery of the forelimb. 


Nonsteroidal antiinflammatory drugs (NSAIDs) are also 
advocated for postoperative pain control in orthopedic pa¬ 
tients. They can be used alone or in combination with opi¬ 
oids. Opioids provide immediate relief, whereas the NSAIDs 
provide sustained relief. Both carprofen and ke to pro fen given 
before surgery are effective for postoperative pain relief in 
dogs. Ketoprofen is more effective than oxymorphone or biu 
torphenol (Pibarot et al, 1997). Preemptive use of ketopro¬ 
fen is contraindicated for surgical procedures In which non- 
compressible hemorrhage is anticipated. Carprofen can also 
be continued orally for several days after surgery to provide 
pain relief after the animal has been discharged from the 
hospital (Table 33-6). 

ANTIBIOTICS 

Antimicrobial agents are often used for prophylaxis and 
treatment of orthopedic infections. Debate continues over 
which patients should receive prophylactic antibiotics. Re¬ 
views of orthopedic patients have shown that those animals 
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TABLE 33-7 


Antimicrobial Agents Used for Small Animal Orthopedic Infections 


INTERVAL (hours 


ROUTE 


DOSE [mg/k 


AGENT 


8 


IV, IM, SC 
IV, IM, SC, PO 

IV, IM, SC, PO 


10 


Amikacin*t 

Amoxicillin 

Amoxtcillin-clavulanate 


6-8 


22-30 


6-8 


PO 


22 


6-8 


22 


Ampicilf in 
Cefadroxil 


8-12 


PO 


22 


6-8 


IV, IM, SC 
IV, IM, SC 
IV, IM 
IV, IM 


22 


Cefazolin 

Cefotamine 

Cefoxitin 

Ceftazidimef 

Cephalexin 

Cephalolhin 

Cephapirin 

Cephradme 

Ciprofloxacin 

Clindamycin § : 

Cloxacillin 

Enrofloxacin 

Gentamicin 

Oxacillin 

Penicillin G (aqueousj 


6-8 


2-40 


6-8 


22 


8-12 


25 


6-8 


PO 


22-30 

22-30 


6-8 


IV, IM, SC 
IV, IM, SC 

IV, IM, SC, PO 

| 

IV IM, PO 

IV, IM, PO 

_ | 

IV, IM, SC 
IV, IM, SC, PO 


6-8 


22 


6-8 


22 


12 


PO 


11 


8-12 


11 


6-8 


10-15 


12 


PO 


5-20 


8-12 


22 


6-8 


22 


6 


IV 


20,000-40,000 IU 


From Bud&berg SC, Kemp DT: Antimicrobial distribution and therapeutics in bone, Comp Cant Educ Pract Vet 1 2:1758, 1990. 
’Nephrotoxic and ototoxic. Renal function must be monitored throughout 
tLimit use to 1 week, 

fQnly effective against Pseudomonas spp. 

JPainM an intramuscular injection; can cause phlebitis if given intravenously. 

IParenterd dose every 8 hours; oral dose every 12 hours. 
fljV, Intravenously; tM , intramuscularly; SC, subcutaneously; PO f orally. 


use. 


oblique fractures if they are greater than 45 degrees to the long 
axis of the bone. Spiral fractures are similar to long oblique 
fractures but wrap around the long axis of the bone. Com¬ 
minuted fractures have multiple fracture lines. They can range 
from three-piece fractures with a butterfly fragment (fragment 
with two oblique fracture lines resembling a butterfly’s silhou¬ 
ette) to highly comminuted fractures with five or more pieces 
(Fig. 33-3), For fracture fixation planning, fractures should be 
mentally classified as reducible (usually single fracture line or 
fractures with no more than two large fragments) or nonre¬ 
ducible (fractures with multiple small fragments; see p. 889), 

Open Fractures 

Open fractures are classified according to (1} the mechanism 
of puncture and (2) the severity of soft tissue injury, A Grade 
l open fracture has a small puncture hole located in the skin 
in the proximity of the fracture that was caused by the bone 
penetrating to the outside. The bone may or may not be vis¬ 
ible in the wound. A Grade 11 open fracture has a variably 
sized skin wound associated with the fracture that resulted 
from external trauma. More damage to the soft tissues is 
generally associated with Grade li than with Grade 1 open 
fractures. Although the extent of the soft tissue damage may 
vary, the fracture is minimally comminuted. A Grade III 
open fracture has severe bone fragmentation associated with 
extensive soft tissue injury, with or without skin loss. These 


ability of bacteria to colonize inanimate biomaterials. Once 
in place, implants become coated with matrix and serum 
proteins. The matrix protein fibronectin is paramount in the 
pathogenesis of bone infection because bacteria possess cell 
membrane receptors for fibronectin that facilitate adhesion 
of microorganisms to implant surfaces. Bacteria that adhere 
to biomaterials produce a biofilm composed of polysaccha¬ 
rides, ions, and nutrients. Biofilm enhances adherence ol bac¬ 
teria and protects the microorganism from host defenses. An¬ 
timicrobial agents that readily traverse capillary membranes 
in both normal and infected bone and that are widely dis¬ 
tributed in bone interstitial fluid include [3 -lactam agents 
i. e.g. } pen kill ins, cep halo spor ins) and aminog ly co s ide $. Ta b 1 e 
33-7 lists common antimicrobial agents. Basic treatment reg¬ 
imens for osteomyelitis are discussed on p, 1186. 
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CLASSIFICATION OF FRACTURES 


4 


Fractures are classified according to (1) the location, direction, 
and number of fracture lines; (2) whether they can be recon¬ 
structed to provide load bearing (reducible or nonreducible); 
and (3) whether they are open to the environment. Fractures 

occur in the articular surface, the metaphysis, the physis, and 
the diaphysis, A fracture line perpendicular to the long axis ot 
ihe bone is a transverse fracture. Oblique fracture lines run at 
an angle to the long axis of the bone; they are described as 
s/iorf oblique fractures if they are 45 degrees or less or long 
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Comminuted 


Comminuted, 


T ra n s ve rse 


nonreducible 


reducible 


FIG 33-3 

Classification of fractures based on direction and number of fracture lines. 


fractures are usually high-energy comminuted fractures, 


such as gunshot injuries or shearing-type injuries of the dis¬ 


tal extremities. 


Physeal Fractures 


Physeal fractures are identified according to the Salter-Harris 


classification scheme, which identifies the location of the 


fracture line. Salter-Harris Type I fractures run through 


physis, Salter-Hams Type li fractures run through the physis 


portion of the metaphys is. Salier-TIarris Type HI frac¬ 


tures run through the physis and the epiphysis and aregener 


ally articular fractures. Salter-Harris Type IV fractures are also 


articular fractures, running through the epiphysis, across the 


and through the metaphysis. Salter-Harris Type V 


physis. 


fractures are crushing injuries of the physis that are not visr 


hie radiographically but that become evident several weeks 


later when physeal function ceases* An additional Salter- 


Harris Type IV classification has been used to describe dw 


partial physeal closures resulting from damage to a portion ot 


the physis and causing asymmetric physeal closure (Fig. 33*4 


BIOMECHANICS OF FRACTURE 


FIG 33-4 


AND FRACTURE FIXATION 


Salter-Harris classification of physeal fractures based an 
radiographic location of the fracture line. 


Fractures result from forces applied to the bone (Fig, 33-5 


Compressive fo t ees 


oblique fracture 


forces on one side of the 


opposite side. Depending on the amount of axial load com* 


iding with the bending force, the fracture will begin 


c 
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C h a p te r 3 3 


High Energy 


Compression 


Axial Compression 


FIG 33-5 

Fracture lines created by forces applied to the bone. A, Bending causes a transverse 
fracture on the tension slide and slight oblique fractures on the compression side of the 
bone, B, Axial load (compression) and bending cause oblique comminuted fractures. 
C, Axial load (compression) causes an oblique fracture, D, Torsion causes 
E, High energy causes a comminuted, nonreducible fracture. 


spiral fracture. 


transverse crack on the tensile side and propagate into 
oblique fractures on the compressive side. The two oblique 
fractures form a butterfly fragment of varying size. Torsional 
forces applied to the long bone result in a spiral fracture. Ten¬ 
sile forces applied to the bone result in a transverse fracture, 
most frequently as an avulsion fracture of a portion of bone 
w here a s l rang te n ei o n or ligam e n l is a 11 a ched. 

The velocity of the force also determines the type of frac¬ 
ture and the amount of associated soft tissue injury. Low- 
velocity forces or loading results in single fractures with little 
energy dissipated into the soft tissues. Conversely, high- 
vrtay forces result in comminuted fractures with the high 
energy dissipated through fracture propagation and sur¬ 
rounding soft tissue injury. Repetitive loading can result in 
stress fractures, in which the bone injury rate overcomes the 
response of bone production. 

Stabilized bones and their implant systems are similarly 
subjected to compressive, bending, and torsional forces gen- 
era ted by weight bearing and adjacent muscular contraction 


(Fig. 33-6). It is imperative that the selected fixation be able 
to counteract the loads applied to the stabilized bone for 
successful outcomes in fracture treatment. 


OSTEOTOMIES 


Osteotomies are procedures where the bone is cut into two 
segments. Apophyseal osteotomies such as trochanteric or 
olecranon osteotomies are performed to enhance surgical 

exposure of a joint (see pp. 933 and 973), Corrective os¬ 
teotomies are elective procedures in which the diaphysis or 
metaphysis of the bone is cut, realigned, and stabilized until 
union occurs. The indications for corrective osteotomies are 
to (I) correct angular deformities caused by physeal trauma 
or fracture ma!union by realigning joint surfaces, (2) estab¬ 
lish adequate bone length to shortened bones, (3) correct 
torsional deformities caused by physeal trauma or fracture 
malunion, and (4) improve articular configuration. 

The objective in performing corrective osteotomies is 
to return a limb to normal function by restoring normal 


F 


n 


e 


e 


l- 


a 


























830 


O r t hoped i cs 


h 


















r-s 


r-s ! 
















■V 

I, 1 












l" • 




L 


















* 




Bending 

fore e s 


Tortiona! 
fore e s 


PIG 33-6 

Forces acting on fractured bones. 


alignment to the bone or joint. Presurgical planning is a pre¬ 
requisite for success. The surgeon must determine the cor¬ 
rect location (s) to cut the bone, whether the soft tissues can 
tolerate the strain of repositioning the bone, and the appro¬ 
priate fixation to maintain stability until bone union occurs. 
Currently, radiographs provide the most useful information 
for planning an osteotomy. Craniocaudal and medio lateral 
views of the affected bone, including the proximal and distal 
adjacent joints, are required to evaluate the deformity. Simi¬ 
lar radiographs of the contralateral bone are used as a refer¬ 
ence. Significant angular deformity in both views indicates 
that the deformity lies in an oblique plane. Oblique views 
may be needed to determine the plane of the deformity. The 
degree of angular deformity and length discrepancy can be 
determined from radiographs. Rotational deformity may be 
estimated from radiographs but is usually best determined 
from physical examination. Rotational deformity is meas¬ 
ured directly on the dog by comparing the relationship of 
adjacent bones, such as the radius and metacarpal bones, 
during flexion and extension of the adjoining joint. 

Outcomes of improper osteotomy planning are incom¬ 
plete correction of the deformity, implant failure, delayed 
union, infection, and nonunion. 

The osteotomy technique chosen depends on the defor¬ 
mity and age of the animal. Angular limb deformities, such 
as radial deformities caused by premature physeal closures 


are treated with opening wedge or closing wedge os¬ 
teotomies (Fig. 33-7). These techniques allow the surgeon to 
restore the proper alignment of the proximal and distal joint 
surfaces. The opening wedge osteotomy is advantageous be¬ 
cause it is relatively easy to perform and preserves bone 
length. The osteotomy can be stabilized with bone plates or 
external fixators (see radial growth deformities, p. 955), 
Many deformities involve a significant amount of shortening 
of the affected bone. 

Lengthening osteotomies may be acute or continuous. The 
soft tissues limit acute length correction. Continuous disttih- 
tion overcomes the soft tissue limitations and provides 
tor new bone formation called distraction osteogenesis (see 
pp. 836 and 871). Continuous distraction may also be used 
to treat growing dogs with complete physeal closure. Rota¬ 
tional deformities can be corrected with a transverse os¬ 
teotomy. ; after which the distal segment is rotated to restore 
proper bone alignment. Transverse osteotomies may also be 
stabilized with a bone plate or external fixator. I 

Many corrective osteotomies are performed to allow re¬ 
alignment of an mcongxuent joint. The triple pelvic esteem} 
is designed to rotate the dorsal acetabular rim to provide ad¬ 
ditional stability to the hip joint (see p. 1099). Mease os- I 
tea to m ies or os tectom ies a re per fo rm e d wh en there is an incon- 
gruent elbow in order to allow the ulna to return to a more 
normal relationship with the distal humerus. If the incon- I 
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Ui 




FIG 33-7 

Corrective osteotomies used to treat bone deformities. A, Derotationa! osteotomy, 
B r Closing wedge osteotomy, C, Opening wedge osteotomy. 


TABLE 33-8 


gruity is too great, a lengthening osteotomy may be indicated 
to restore elbow alignment (Table 33-8; see also p, 1085). 


Indications for Corrective Osteotomy Procedures 


BONE HEALING 


OSTEOTOMY TECHNIQUE 


DEFORMITY 


Fracture healing is the biologic process after cartilage and 
bone disruption that restores tissue continuity necessary 
for function. The goals of fracture treatment are to (1) en¬ 
courage healing, (2) restore function to affected bone and 
surrounding soft tissues, and (3) obtain a cosmetically ac¬ 
ceptable appearance. Each goal should be kept in mind 
when selecting treatment regimens and fixation devices 
isee sections on decision making and fixation systems). 
Fracture healing varies depending on biologic factors (e.g«> 
fracture location in cortical bone, cancellous bone, or phy- 
seal cartilage; cellular responses; circulation; concurrent 
soft tissue injury) and mechanical factors (e.g., stability of 
bone segments and fragments after fixation device place¬ 
ment! that influence the sequence of cellular events in frac¬ 
ture healing. 


Opening wedge 
Closing wedge 
Reverse wedge 
Transverse lengthening 
Stair step 

Continuous distraction 
De rota ti o n a I tra n sve rse 
Opening wedge 
Continuous distraction 


Angular 


Shortening 


Angular, shortening, and 
rotational 

Incongruent joint 


Triple pelvic 


V 


Intertrochanteric 
Transverse lengthening 
Stair step 


osteotomy 
Continuous distraction 
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normal conditions, medullary pressure probably restricts 
periosteal blood flow to the outer third of the cortex (Fig. 
33-8, A). In contrast to mature animals, immature animals 
have numerous arteries that perforate newly formed apposi¬ 
tional bone running longitudinally over the periosteal sur- 

sup- 


All physiologic processes occurring within bone, includ¬ 
ing repair processes during fracture healing, are dependent 

adequate blood supply. Normal circulation to long 
bones consists of an afferent supply from the principal 
trient artery, proximal and distal metaphyseal arteries, and 
periosteal arteries that enter bone at areas of heavy fascial at 
taefament The direction of blood flow through the diaphysis 
is centrifugal, from medullary canal to periosteum. Under 
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face. The metaphysis and epiphysis 
plies and generally do not communicate across the 

cartilaginous physis 


separate 


33-8, B), The epiphyseal blood 
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FIG 33-8 

Blood supply to A, normal bone; B, immature 
bone; C, fractured bone (extraosseous blood 
supply); and D, healing bone. 
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supply nourishes the cartilaginous reserve cell zone and 
growing phys eal cells. Interruption of this portion of the cir¬ 
culation results in the death of growing cells and cessation of 
physeal function. Metaphyseal arteries supply cells involved 
with endochondral ossification; disruption of metaphyseal 
blood flow delays endochondral ossification, resulting in 
widening of the cartilaginous physis. When circulation is 
reestablished, endochondral ossification resumes. Flat bones 
with extensive muscle attachment (e.g*, pelvis, scapula) have 
tremendous extraosseous blood supply in addition to that 
provided by nutrient arteries. Irregular bones (e.g., carpal 
and tarsal bones) generally have multiple nutrient arteries. 
Medullary circulation is disrupted in most long bone 
fractures. Initially, existing components of the normal vas¬ 
culature are enhanced to supply the Injured area. Addition¬ 
ally, a transient extraosseous vascular supply develops in soft 

tissues and surrounding fractures to nourish the early pe¬ 
riosteal callus (Fig, 33-8, C). As bone healing progresses and 
stability is restored, medullary blood supply is reestablished. 
Ultimately the extraosseous circulation diminishes, and nor¬ 
mal medullary centrifugal flow dominates (Fig. 33-8, D). 
Closed fracture reduction with application of casts or exter¬ 
nal fixators causes the least disruption to surrounding soft 
tissues and newly formed extraosseous blood supply (Fig, 
33-9, A and B) t whereas open reduction disturbs developing 
extraosseous blood vessels and hinders reestablishment of 
medullary blood flow. Traumatic handling of surrounding 
soft tissues further impairs the extraosseous circulatory re¬ 
sponse, Insertion of any type of intramedullary pin disrupts 
the medullary vasculature; pins that contact endosteal sur¬ 
faces block medullary afferent flow. Stable implants allow 
new medullary circulation to develop, which supplies the ad¬ 
jacent endosteal surfaces (Fig. 33-9, C), Cerclage wire ap¬ 
plied tightly to cortical surfaces does not significantly impair 
vasculature. Even in immature animals, circumferential 
wires seemingly do not significantly block periosteal blood 
flow. Although plate and screw application affords the great¬ 
est fracture stability and allows early reformation of 
medullary circulation, blood supply to outer cortical bone 
beneath plates may be impaired (Fig, 33-9, D), causing af¬ 
fected cortices to remodel and become more porous. Newer 
plate designs (e.g., limited-contact dynamic compression 
plates) minimize this phenomenon. Because adequate blood 
supply is essential for bone healing, any circulatory impair¬ 
ment may delay healing. The motion of loose implants, es- 
i penally cerclage wires, disrupts developing vasculature; ex¬ 
cessive fracture motion discourages reestablishment of 
medullary vasculature. Large bone fragments denuded of 
soft tissues (and thus blood supply) can be used to recon¬ 
struct fractures anatomically; however, these fragments 
| should be rigidly immobilized to encourage early revascu- 

I lari nation. Eve n w' i t b m u It i pie fr act u re fragm if the frac¬ 

ture is minimally disturbed and major bone segments are 
| stabilized with a plate or external fixator, fragments will 
I revascularize and incorporate into callus. 

[ Immediately after fracture the hematoma appears to sig¬ 
nal molecules that have the capacity to initiate the inflam¬ 


matory cascades of cellular responses critical to fracture 
healing* Inflammatory cells secreting cytokines such as 
interleukin-1 and interleukin-6 may be important in regu¬ 
lating the early events in fracture healing. Molecules such as 
transforming growth factor beta and platelet-derived growth 
factor are important regulators of cell proliferation and dif¬ 
ferentiation. These or other molecules may be involved in 
stimulating chemotaxis and angiogenesis* The bone marrow 
undergoes reorganization of cellular components into re¬ 
gions of high and low cellular density. The regions of high 
cell density transform into osteoblastic cells and begin to 
form bone. The eventual pathway of bone formation, 
whether endochondral bone formation (bone formed on a 
cartilaginous precursor), intramembranous bone formation 
(bone formed without a cartilaginous precursor), or direct 
bone union (bone formed without evidence of callus) de¬ 
pends on the mechanical environment at the fracture* 
Indirect bone healing occurs in fractures with an unstable 
mechanical environment resulting from the motion of the 
adjacent bones* The amount of motion can vary from un¬ 
treated injuries and therefore unrestricted motion to varying 
degrees of treated injuries wfith limited motion achieved us¬ 
ing casts, intramedullary pins, external fixators, and bone 
plates* Motion at fracture sites affects the size of gaps be¬ 
tween fragments. The ratio between the change in gap width 
to the total gap width is called strain (Fig. 33-10). Because a 
given tissue’s ability to elongate is limited, excessive strain re¬ 
sults in tissue rupture* Strain is decreased at fracture sites in 
the following biologic w r ays: 

L Fragment end resorption increases the width of small 
gaps subjected to motion, which decreases strain. 

2. St rain de crea ses w ith in c reased fractu re ri gid it y as tract u res 
are bridged by less strain-tolerant tissues (Fig. 33-11). 

3* Decreased motion occurs at fracture sites when external 
or periosteal callus is produced, because increasing the tis¬ 
sue diameter increases the bone’s ability to resist bending. 
Early intramembranous bone formation occurs under 
the periosteum at a distance from the fracture site in an area 
of relative stability, forming the early bridging bone callus. 
Initially, fracture gaps are bridged by tissues that can with¬ 
stand motion (hematoma and granulation tissue); these tis¬ 
sues are sequentially replaced by those that increase the 
bone’s rigidity (fibrous connective tissue, fibrocartilage, and 
lamellar bone). The orderly sequence of tissue formation in 
fracture gaps that occurs in indirect bone healing culminates 
in fibrocartilaginous mineralization. This mineralization be¬ 
gins at the fragment surfaces and continues toward the gap 
center, forming trabecular and woven bone. Local resorption 
of initial bone occurs, followed by vascularization of resorp¬ 
tion cavities and replacement with lamellar bone. Continued 
formation and resorption of lamellar bone at fracture sites 
result in remodeling of bony callus to cortical bone. 

Intramembranous bone formation (direct bone callus for¬ 
mation without a cartilaginous precursor) occurs when 
there is minimal strain in the fracture environment, as when 
bone is deposited directly on bone fragments at a distance 
from the fracture site, or when bridging between comminuted 
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FIG 33-9 


Effect of fixation devices on circulation to fractured bone: A, cast; B, external fixator; 

C, intramedullary pin and cerclage wires; D, plate and screws. Note that closed fracture 
reduction and application of casts or external fixators cause the least disruption to 
surrounding soft tissues and newly formed extraosseous blood supply. 
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FIG 33-10 

Ratio between the change in gap width to total gap width is 


called sfram. 
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FIG 33-1 1 

Strain decreases with increased fracture rigidity as fractures are bridged first by more 
strain-tolerant tissues and later by less strain-tolerant tissues. A, Defect is first filled by 
a hematoma, which is then replaced by B, granulation tissue. C, Then connective 
tissue forms, D, Fibrocartilage is mineralized, forming cancellous bone and I, bone, 

remodeling occurs to eliminate the callus. 
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bone fragments occurs to stabilize fragments after bridging or 

biologic fixation techniques (see p. 890). Intramembranous 
bone formation is generally combined to a varying extent with 
indirect bone healing responses. The resultant periosteal cal¬ 
lus may be smaller in comminuted fractures stabilized with 
bridging fixation techniques* with the endosteal and bridging 
callus supplying much of the fracture support. Again, forma¬ 
tion and resorption of lamellar bone at fracture sites result in 
remodeling of bony callus to cortical bone. 

Direct hone healing (bone formation directly at fracture 
sites, without an intermediate cartilage stage or visible cal- 

occurs when fixation devices maintain absolute frag¬ 
ment stability. For this to occur, the mechanical environ¬ 
ment must be such that fracture motion is negligible and the 
fragments are in contact or separated by only small (150- to 
300-mi cron) gaps. Direct bone formation occurring in small 
gaps in the fracture line after rigid fixation is called yap heal¬ 
ing. Initially these gaps are filled with a network of fibrous 
bone, but w ithin 7 to 8 weeks this mechanically weak bone 


union begins to remodel (Fig. 33-12, A). The longitudinal 
reconstruction of fracture sites with haversian remodeling is I 
the second stage of gap healing and provides a strong union i 
between fracture fragments (Fig. 33-12, 8). Haversian re¬ 
modeling begins with osteoclastic resorption of bone and [ 
formation of resorption cavities that penetrate longitudi- 
nally through fragment ends and newly formed bone in frao I 
ture gaps. The osteoclasts are followed by vascular loops, 
mesenchymal cells, and osteoblast precursors. Osteoblasts 
line resorption cavities and secrete osteoid, which is miner¬ 
alized to bone. This lamellar bone is arranged along the If 
bones long axis, through the fragment ends and fracture I 
gaps, and results in a strong union of bone fragments. Where 1 
bone fragments are in contact under rigid fixation, there is 
simultaneous union and reconstruction with haversian re- I 
modeling (Fig. 33-12, C). I 

Distraction osteogenesis occurs when gradual traction is 
applied to cortical bone such that sufficient stress is created * 
to stimulate and maintain formation of new hone. This con- 
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FIG 33-12 

Sequence of events in direct bone healing. A, Stage 1; gap filled with fibrous bone (gap 
healing}. B, Stage 2: longitudinal reconstruction of bone with haversian remodeling. 

C, Contact bone healing, with bone fragments in contact under rigid Fixation; simultaneous 
union and reconstruction with haversian remodeling. 
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Radiography 

Sequential radiographs allow evaluation of fracture healing. 
Generally, radiographs should he taken pcooperatively to 
assess fracture alignment and implant position, and they 
should be repeated every 4 to 6 weeks during healing (Table 
33-9), Follow-up radiographs should be compared with ear¬ 
lier studies to determine the dynamics of bone healing. Frac¬ 
tures should be evaluated for evidence of bone formation 
and implant position should be appraised to detect instabil¬ 
ity Development of periosteal callus indicates that indirect 
bone formation is occurring (see p, 833) (Fig. 33-15). Filling 
of stable fracture lines with bone indicates direct healing. 
Trabecular bone healing in metaphyseal fractures appears 
radiographically as the formation of one or two dense bands 
at the fracture site. Gradual bridging of these bands occurs 
until the cortical shell is completely spanned by bone. Pe¬ 
riosteal callus is not usually evident in metaphyseal fractures 
unless there is tremendous instability of fracture fragments. 


cept is used in external fixation techniques for limb length¬ 
ening, treatment of angular deformities, and transportation 
of cortical bone. To achieve bone formation during slow dis¬ 
traction after corticotomy or osteotomy medullary and pe¬ 
riosteal blood supply must be preserved and major bone 
fragments optimally stabilized. The bone surface is covered 
with cells that may differentiate into osteoblasts or chon- 
droblasts, depending on the cell's mechanical and biologic 
environment. Within 3 to 7 days after osteotomy these cells 
organize and begin to proliferate. The ideal rate of distrac¬ 
tion is 1 mm per day divided into two to four distraction pe¬ 
riods, Osteoid is laid down in parallel columns that extend 
from osteotomy surfaces centrally Normally lamellar bone 
develops within these columns; if there is sufficient instabil¬ 
ity at the fracture site, however, formation of an intermedi¬ 
ate cartilaginous phase or fibrous tissue formation may oc¬ 
cur. After the desired limb length is achieved, the fixator 
remains in place to allow remodeling of new cortical bone 

(Fig. 33-13), 

Metaphyseal fractures involving trabecular or cancellous 
bone heal differently than similar fractures through cortical 
bone (Fig, 33-14, A). Trabecular bone is inherently more sta¬ 
ble than cortical bone and does not heal by periosteal callus 
formation unless there is tremendous instability. Increased 
osteoblastic activity occurs on either side of these fractures if 
they have been adequately immobilized (Fig, 33-14, B). New 
bone is deposited on existing trabeculae, and fracture gaps 
are tilled with woven bone. Bridging between trabeculae oc¬ 
curs before union of the cortical shell (Fig. 33-14, C). For 
physeai fracture healing, see Special Age Considerations, 


j 


1 TABLE 33-9 


* 


Postoperative Fracture Management: Evaluation Schedule 


* 1 week: Phone 

* 2 weeks: Suture removal and/or physical examination 
■ 4 weeks: Phone 

• 6 weeks: Radiographic and physical examination 

• Repeat phone contact and radiogra 

ami nation every 4 to 6 

Intervals and duration vary with fracture-assessment 
score. 
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During distraction osteogenesis, osteoid is 
osteotomy surfaces centrally. Lamellar bone develops within these 

sufficiently stable. 


in parallel columns that extend from 

columns if the fracture is 
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FIG 33-14 

A, Trabecular bone responds to fracture by increasing osteoblastic activity. B, New bone 
is deposited on existing trabeculae, and fracture gaps are filled with woven bone. 

C, Bridging between trabeculae occurs before union of the cortical shell. 


fracture sites (Fig. 33-15). The large amounts of callus that 
generally form with this type of fixation serve as an internal 
support for bone remodeling. An exception to this is 
distal radial and ulnar fractures in 


large amounts of callus may not be produced. The cast 
should be removed once the callus has bridged the fracture. 

Bone healing with external fixators may be direct, indi¬ 
rect, or somewhere between these extremes, depending on 
fracture type, mechanical environment afforded by external 
fixators, and degree of bone reconstruction. In general, frac¬ 
tures stabilized with external fixators have less periosteal cal¬ 
lus formation compared with similar fractures treated with 
casts. Also, fractures stabilized with external fixators develop 

endosteal and bridging callus than periosteal callus. 


more 

Radiographic ally, simple fractures that are anatomically re¬ 
duced and rigidly stabilized with external fixators (e. 
lateral external fixators with multiple pins) heal with mini¬ 
mal periosteal or endosteal callus. This is 
similar to the direct bone union response observed in frac¬ 
tures treated with plates and screws. As fixator stiffness de¬ 
creases, increased callus is usually evident. When simple 
fractures are not anatomically reduced (e.g., with closed re¬ 
duction) and fixators are not rigid, resorption of bone at 
fracture lines and callus formation are often evident. This 


g* bi- 


r a d i ograp h ia I ly 


FIG 33-15 


fracture healing of oblique tibial fracture in immature dog 
treated with a cast. A, Radiographic evidence of periosteal 

3 weeks after casting, B, Callus is remodeling 

into cortical bone 6 weeks after casting. 


ccmus is seen 


apparently occurs as a normal response of healing bone to 
high strain when the increased strain is concentrated in .s 
single fracture line. Fixators should be removed after frac¬ 


ture lines have bridged with bone. 


Deciding when to remove fixation devices is difficult. 
This decision is usually made after evaluating radiographs of 
healing fractures. Knowledge of radiographic appearance of 
bone healing associated with various fixation systems is 
mandatory for informed decision making. In general, fixa¬ 
tion systems can be removed when there is radiographic ev¬ 
idence of bone bridging the fractures. Fractures stabilized 
with casts heal by indirect bone formation; radiographically 
this appears as bridging periosteal and endosteal callus at 


The type of bone healing observed in comminuted frac¬ 
tures depends on how well the biologic environment is pre¬ 
served and on the rigidity of the fixation. When anatomic re¬ 
construction and rigid fixation of all fragments are difficult 
impossible in severely comminuted fractures, preservation 

of the biologic environment is 
closed reduction or limited exposure and rigid fixation (e.g., 
external fixators, bridging plates). Fractures treated by# 
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FIG 33-16 

Fracture healing in comminuted nonreducible tibia! fracture in mature dog treated with 
dosed reduction and external fixation. A, Immediate postoperative radiograph, B, Radi¬ 
ographic evidence of endosteal and bridging callus, with minimal periosteal callus, is seen 
6 weeks after surgery, C, Callus is remodeling into cortical bone 1 2 weeks after surgery. 


i 


method heal with endosteal bone formation and bone bridg¬ 
ing between fragments. At 1 month, radiographs show in¬ 
creased mineral density throughout the fracture site with 
minimal formation of periosteal callus* In most patients, 
bone formation is evident within 2 months, and remodeling 
of callus is evident 3 months after fixation (Fig. 33-16). Com¬ 
puted tomography images show endosteal bone by 2 weeks 
and bridging endosteal and in ter fragment ary bone (which 
unites the bone fragments) by 12 weeks after fixation. There 
is minima] evidence of periosteal callus formation. 

Fractures stabilized with pins and wires heal by primary 
bene union if implants have rigidly stabilized fractures (e.g 
lung oblique fractures managed with intramedullary pins 
and multiple, appropriately applied cerclage wires)* Con¬ 
versely, if rigid fixation is not achieved with pins and wires, 
callus formation will be evident radiographically* Pins 
should be removed once bone has bridged the fracture. 
Wires are not removed unless they cause problems through 
migration or interference with fracture healing. 

Fractures that are anatomically reconstructed and rigidly 
stabilized (e.g., with plates and screws) heal by direct bone 
union. With direct bone healing, fracture lines disappear, 
and fractures appear devoid of bridging periosteal and en¬ 
dosteal callus (Fig. 33-17)* Because the implant is acting 
callus to support the fracture during haversian remodeling 
implant removal should generally be delayed until 6 to 12 
months after surgery to allow adequate time for bone 

modeling. 
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FIG 33-17 

Fracture healing in comminuted reducible femora! fracture in 
mature dog treated with bone plate. By 1 8 weeks after 
surgery there is loss of visible fracture lines with no apparent 
callus* indicating primary bone union. 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


pain tolerance is achieved. The joint is flexed and extended 
for 2 to 3 minutes, and the process is repeated with the other 
major joints of the limb. Passive therapy is effective in main¬ 
taining joint motion and patient comfort, but it does not en¬ 
hance muscle tone and strength and thus should be com¬ 
bined with active physical therapy. 

Active Physiotherapy 

Allowing or helping the patient to stand on the operated 
limb is the simplest form of active physical therapy and 
should begin during the first postoperative week. Weight 
h ea r i n g m ay b e con cen t rat ed on the o pe ra t ed limb by gen - 
tly raising the uninjured paw from the ground. The patient 
should be allowed to bear weight on the operated limb for 1 
to 2 minutes. The duration of weight bearing is gradually 
increased until the patient begins to bear weight on the op¬ 
erated limb without coaching. Swimming is also an excel¬ 
lent form of active therapy, depending on ambient temper¬ 
ature and accessibility, because it encourages joint motion 
and muscle strengthening without impact loading. Swim 
therapy is begun with 2- to 3-minute sessions that are grad¬ 
ually increased depending on patient tolerance. Caution 
must be used when the patient enters and leaves the water 
so that the animal does not slip and injure the operated leg. 
Slow leash walking is encouraged immediately after surgery 
and should be continued until rehabilitation and healing 
are complete. 

Bandages 

Bandages serve many functions postop era lively, including 
wound protection, application of topical medication, soft 
tissue compression, increased patient comfort, and selective 
immobilization of soft tissues and joints. Bandages often 
used in veterinary orthopedics for postoperative comfort 
and soft tissue compression or immobilization are padded 
soft bandages (see p. 822), Ehmer slings, Velpeau slings,and 
90/90 slings. 

Ehmer slings. Ehmer slings prevent weight bearing of 
the pelvic limb (Fig. 33-18). The most common use for 
Ehmer slings is to support closed or open reduction of hip 
1 uxat ions. 


Special equipment is helpful in fracture repair. Two or more 
hone-holding or reduction forceps are essential in open frac¬ 
ture reduction. The authors prefer Kern bone-holding for¬ 
ceps, point reduction forceps (Synthes), speed-lock reduc¬ 
tion forceps (Synthes), and Richard bone-holding forceps. 
Hand-held (e.g„ Hohmann, Army-Navy) and self-retaining 
(e.g., Gel pi) retractors are useful with all orthopedic tech¬ 
niques, Periosteal elevators are helpful in reflecting muscle 
from bone by elevating periosteal attachments. Equipment 
for fracture stabilization is discussed in the section on frac¬ 
ture fixation systems (see p. 859). 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative instructions for each orthopedic technique are 
presented in the discussions on various orthopedic condi¬ 
tions. Common to the success of all orthopedic procedures 
is the use of appropriate physical therapy methods (Table 
33-10). Passive physical manipulation, heat, and cold are im¬ 
portant considerations in rehabilitation of musculoskeletal 
injuries. Cold therapy is used in the acute phase of injury or 
during the first 2 to 3 days after surgery. Its beneficial effects 
are swelling control and analgesia. Cold may be applied us¬ 
ing crushed ice in a plastic bag or commercially available 
freezer packs. The cold packs should be applied to the area 
for 20 minutes three times a day. 

Heat therapy in the form of hot compresses is indicated in 
the chronic phase of healing. Beneficial effects include de¬ 
creased pain and improved circulation. Heat does not de¬ 
crease swelling and should not be used in the initial 3 to 4 
days after surgery. Heat is most easily applied with moist, hot 
towels. Caution is necessary to avoid scalding the skin. Tow¬ 
el s should be changed freq uently to mai ntai n a wa rm envi- 
ronment for 20 minutes. Heal therapy is also beneficial to re¬ 
lax muscles before beginning passive physical manipulation. 


Passive Physiotherapy 

Passive physiotherapy is best described as controlled stretch¬ 
ing of muscles, tendons, and ligaments. The joint above or 
below the area in question is gently flexed and extended. 
Gradually the amount of movement is increased until a 
near-normal range of motion or a range within limits of 


Place a thin layer of cast padding around the metatarsal 
area f and wrap nonadherent gauze [e.g., Kling} multiple 
times over the podding. Maximally flex the stifle , and wrap 
the gauze around the thigh by bringing if medially between 
the body wall and limb , Pull the gauze firmly and bring i'r 
over the front of the knee to maintain flexion. Then wrop the 
gauze over the lateral surface of the thigh and bring it dis¬ 
tal ly medial to the tarsus and over the padded mefaiarsd 
area. Repeat the wrapping three or four times. Finish the 
bandage by applying elastic adhesive material in the same < 
manner. 


l TABLE 33-10 


Postoperative Fracture Management: Physical Therapy 


Heat therapy; 5-10 minutes before passive range of 

tion (ROM). 

Passive ROM: 5 minutes three limes daily slowly to point 
of tolerance; slowly increase ROM over time. 

1 therapy; 5-10 minutes after passive ROM. 
j weight bearing: slow leash walks for 5 minutes 
three times daily; slowly increase walk lengths over time 
according to animal tolerance. 


mo* 


Cold 


Active 


Velpeau slings , Velpeau slings prevent weight bearing 
and provide some stability to the proximal forelimb {fig. 
33-19). They are most often used to help maintain dosed or 
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Wrap elastic adhesive around the flexed 


metatarsal area . 
tarsus and stifle joints to maintain 90 degrees of flexion. 


open reduction of medial shoulder luxations and to support 
scapular fractures. 

Wfrfi (he shoulder and elbow flexed and the limb adducted 
against the body wolf begin by placing two or three layers 
of padding around the torso and limb. Wrap layers cranial 
and caudal to the opposite limb to prevent slippage of the in¬ 
corporated limb. Place an additional layer in o similar man¬ 
ner with gauze (e.g., Kling} to add mild compression . Place 
on outer layer of elastic tape or Vetrap to provide support. 


COMPLICATIONS 

Nonunions 








Fracture nonunions are diagnosed when there is radi¬ 
ographic evidence that bone healing is not occurring or can¬ 
not occur. Surgical intervention is necessary in such cases to 
create an environment conducive to bone healing. Most 
nonunions are a result of poor decision making and techni¬ 
cal failure on the part of surgeons, rather than biologic fail¬ 
ures attributable to the patient. A lucent line through frac¬ 
tures, representing cartilage and fibrous tissue, and callus 
formation at the fracture site are characteristic of the radi¬ 
ographic appearance of vascular nonunions. Vascular 
nonunion is invariably the result of inadequate fracture sta¬ 
bility. The most common cause is stabilization of transverse 
or short oblique femoral fractures with an intramedullary 
pin and cerclage wires that do not prevent rotational insta¬ 
bility. Constant motion at fracture sites prevents cartilagi¬ 
nous mineralization. Rigid immobilization of fractures with 

or external fixators usually allows fracture healing to 










90/90 slings. The 90/90 slings are used to provide flex¬ 
ion of the stifle joint and immobilize the pelvic limb after 
surgery (Fig. 33-20). A common use for 90/90 bandages is 

for a few days a ft er r epa ir of a d is t ai fe moral phy s eal fr ac tu re 
to prevent quadriceps contracture. 








Place the stifle joint and tarsus in 90-degree flexion. Using 
cost padding, wrap several layers of padding around the 


plates 






p ro g re ss. 

Hypertrophic nonunions are vascular nonunions with 
large amounts of callus (Fig. 33-21). These nonunions are 
treated by removal of loose implants, joint alignment, and 
placement of a compression plate (see p. 886). Cancellous 
bone grafts may be used, although the hypertrophic callus 
usually provides adequate cancellous bone for healing. 
Swabs for bacteria! culture and sensitivity should be ob¬ 
tained when nonunions are treated. If a radiographic or clin¬ 
ical diagnosis of osteomyelitis is made, treatment includes 
removing any large pieces of necrotic cortical bone. Resul 
tant defects are filled with cancellous bone autografts, which 
may be placed during the plating procedure or after 5 to 7 
days of open wound management. This delay allows for¬ 
mation of healthy granulation tissue beds before grafting. 
Plate removal is recommended after healing of infected 


FIG 33-18 


Ehmer sling applied to 
used to prevent weight bearing (e.g., after hip luxation). 


limb of dog. These slings 
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FIG 33-19 

Velpeau ding applied to forelimb of dog with scapular 
* r acture. The sling was placed to prevent weight bearing 
while the fracture healed. 
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FIG 33-20 

90/90 sling applied to rear limb of dog with distal femoral 
physeal fracture. 
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FIG 33-21 

Radiograph of dog with hypertrophic nonunion of femur 
Notice formation of large periosteal callus that cannot 
bridge the fracture. The fracture was 
with an intramedullary pin and cerclage wires. 


FIG 33-22 

Radiograph of dog with atrophic nonunion of femur. Notice 
lack of callus format 

eventually healed after surgical opening of the medullary 
canal, shortening of the femur to gain cortical contact, and 
application of a imited-contact dynamic compression plate 
with a cancellous bone autograft. 


inadequately stabilized 


nonunions because plates may serve as a nidus for continued 
infec t i o n * 

Atrophic nonunions 
arthroses. Radiographically, there is no evidence of bone re¬ 
action at fracture sites, and bone ends appear sclerotic. His¬ 
tologically, fracture gaps are filled with fibrous tissue, and 
medullary cavities are sealed with cortical bone. Atrophic 
nonunion requires surgery to remove fibrous tissues and 
o p en me d till a ry ca n al s. Ade q uate stab ility is us ual I y a ch i eve d 
with plates and screws and placement of autogenous cancel¬ 
lous bone grafts. Plate fixation is preferred because prolonged 
healing is common with atrophic nonunion (Fig, 33-22). 

Delayed Unions 

Fractures that are uniting, although more slowly than anti¬ 
cipated, are classified as delayed unions. Signs of progressive 
bone activity are visible on sequential radiographs as in¬ 
creasing density of fracture lines. As long as implants remain 
intact, the animal can be confined with no need for addi¬ 
tional surgery, although cancellous bone grafts may be 
added lo speed healing. Loose or migrating implants should 
be removed, fractures should be stabilized appropriately, and 
cancellous bone autografts should be applied, 

Malunions 

Malunions are healed fractures in which anatomic bone 
alignment was not achieved or maintained during healing. 


biologically inactive pseudo 


Malunions may have a deleterious effect on function. Angu¬ 
lar deformities are characterized by loss of correct parallel re¬ 
lationships between joints above and below the fractured 
bone. Deformities may be classified as valgus, varus, antecur- 
vatum, or recurvatum (Fig. 33-23, A to D). When severe, 
these deformities affect limb function and may precipitate 
osteoarthritis of adjacent joints. Translational and rotational 
deformities can also occur (Fig. 33-23, E to F). Rotation most 
often occurs with inadequately stabilized femoral fractures 
and may adversely affect hip and stifle function. Shortening 

of affected bones may also occur. A shortened bone in a sin¬ 
gle bone system (femur, humerus) can be compensated far 
by extension of adjacent joints; however, shortening of a sin¬ 
gle bone in a paired bone system (radius/ulna, tibia/fibula) 
causes incongruity in alignment of adjacent joints, Maiunion 
should be treated with corrective osteotomy if it adversely ef¬ 
fects the animal's ability to ambulate. 


SPECIAL AGE CONSIDERATIONS 


Physeal fractures account for 30% of fractures in immature 
animals and occur because the physis is weaker than sur 
rounding bone and ligaments (Fig. 33-24, A; see also p, 8281 

The mechanically weak portion of the physis is the hyper 
trophic zone because the ceils are relatively large in compar¬ 
ison with the amount of matrix (Fig. 33-24, B). Avulsion or 
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FIG 33-23 

Malalignment of bone. A, Valgus is lateral angulation of distal segment of bone, B Varus 
Is medial anaulation. C, Antecurvatum is caudal angulation. D, Recurvatum is cranial 

distal segment of bone. E, Torsion is med 

segment of bone. F, Translation is displacement of distal segment of bone with the joint 
surfaces parallel. 
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FIG 33-34 


Pbyseal cartilage healing. A, Salter-Harris Type I physeal fracture occurs through the 
hypertrophied zone of cartilage. B If reduced accurately, these physeal fractures heal by 
continued Formation of cartilage, 0, If the fracture involves the reserve zone or if the 
germinal cells are damaged, healing occurs by endochondral ossification. 
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shearing forces can cause fractures through this zone that 
heal rapidly by continued growth of physeal cartilage and 
metaphyseal callus formation. Once fracture gaps ate filled, 
normal endochondral ossification resumes and physeal func¬ 
tion continues. If damage occurs to growing cells (reserve 
and proliferating zones), however, growth of physeal cartilage 
does not occur. Rather, endochondral ossification proceeds 
(Fig. 33-24, C), and hone formation in fracture gaps results in 
premature physeal closure. Malalignment of the fractured 
physis (where metaphyseal and epiphyseal bone are in con¬ 
tact) allows trabecular bone healing and physeal bridging. 
The bone bridge may prevent normal physeal function. 
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ORTHOPEDIC EXAMINATION 
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lem is to assess the patient, classify the fracture, and develop 
plans for fixation that will allow predictable and consistent 
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be difficult. Accurate historical information, thorough gen¬ 
eral examination, orthopedic examination, and diagnostic 
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Signalmen! and History 

Signaiment and historical data are helpful for developing an 
accurate differential diagnosis. Many orthopedic diseases 
are predictable within certain age groups and breeds (Table 
33-11). Information on the animals general condition in¬ 
cludes anorexia, depression or fever, limb affected, multiple 
limb involvement, degree of pain or lameness, duration, in¬ 
tensity of onset, historical trauma, effect of exercise, time of 
day of greatest clinical signs, effect of rest, and changes in 
lameness associated with weather. Such information provide* 
initial clues to form a differential list of potential causes. Ad 
ditionai questioning, physical examination, and radiographic 
examination will provide data to make a definitive diagnosis 

Physical Examination I 

The animals general health should be assessed as part of the 
physical examination. Baseline examination includes ohtair- 
ing the animals temperature, pulse, and respiration. I hern 
imals overall appearance should be noted (e.g., obesity I and 
thoracic auscultation and abdominal palpation performed 
General health evaluation is important before anesthetize 

any animal that has orthopedic disease. Traumatized m 
ma 1 s present i ng for ffactu re evaluation should have tho:rarit 
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TABLE 33-11 


Differential Diagnoses for Lameness 


O 


DIFFERENTIAL 
HISTORY DIAGNOSIS 


DIFFERENTIAL 
HISTORY DIAGNOSIS 


SIGNAIMENT 


SIGNALMENT 


Immature, large dogs Acute 
Front limb 


* 


Acute 


* 


* 


Chronic 


* 


i *• 


er 


OCD elbow 
UAP elbow 

FCP elbow 


syndrome 




Ruptured Achilles 


Premature closure of 


tendon 


★ 


Luxated tarsus 


Degenerative joint 


ronic 


1 

di 


Retained cartilage cores 


isease caused by 


Panosteitis 
Hypertrophic osteo¬ 
dystrophy 


it 


cruciate rupture 




Patellar luxation 
Cfudate/meniscus 


immature, large dogs 


hysis * 


Rear limb 


* 


* 


one 


s 


Hip dysplasia 


Bone/soft tissue 
neoplasia 


OCD stifle 


* 


Patellar luxation 


Avulsion of long digital 
extensor tendon 


OCD hock 


disease 


»■ . ■ 


ic 


Hypertrophic osteo 
dystrophy 


Adult, small dogs 
Front limb 


Fractured bone 


Luxated shoulder 


Partial ACL Rupture 


Luxated elbow 


Chronic 


enerafive joint 


, sma 


s 


is 


3 


Front limb 


none 


Chronic 


Congenital 
shoulder 
Congenital luxation. 


ion, 


er 


Bone/soft tissue 


neoplasia 


e 


phy 

Atlantoaxial instability 


ses 


us curv 


mconarui 


Immature, small dogs 


Fractured physis 


Acute 


is 


Rear limb 


Fractured bone 


Adult, small dogs 
Rear limb 


Fractured bone 


Chronic 


femoral head 


e 


* 


iscus 


r 


Adult, large dogs 


Fractu 


syndrome 


Acute 


* 


: *ont limb 


Luxated shoulder 


* 


Luxated elbow* 


Chronic 


3 

di 


rative joint dis¬ 
ci by 


dysplasia 

Panosteitis 


Cruciate/meniscus 

syndrome 


* 


is 


Contracture infraspinatus 
tendon 

Radius curvus/elbow 

I:::: 

Carpa 


neoplasia 


s 


ome 


Thoracolumbar disk 
disease 

Inflammatory joint 
disease 


tissue 


neoplasia* 


d 


Brachial plexus injury* 
Cervical disk disease 


1. 


mmatory joint 




i- 




MB 


mmmm 


1C 
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potenti a 


in 
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tive responses. As each bone, joint, and soft tissue area is pal- 
pated, asymmetry (between limbs), response to pain, 
swelling, abnormalities in range of motion, instability, and 
crepitation should be noted. Asymmetry should be assessed 
before and during individual limb palpation and may indi¬ 
cate tumor, abscess, atrophy, joint swelling, or greemtick 
fracture. Long bones should be palpated to determine if 
there is swelling (e.g., fracture, tumor), a response to pain 
while firm pressure is applied (e.g., panosteitis, fracture, tu¬ 
mor), or instability or crepitation (e.g., fracture). Joints 
sho uId be i s ol a ted a nd m o ved t h ro ugh a com p I ete ra nge of 
motion to detect crepitation, pain, or abnormalities in range 
of motion. Additional tests of hip and stifle instability 
should be performed if abnormalities are detected in these 
joints (see pp. 849 and 851). Muscles and tendons should be 
palpated to determine if they are normal and intact. After 
the initial orthopedic examination to localize pain, the ani¬ 
mal may be sedated to facilitate closer examination and to 
obtain radiographs (Tables 33-12 and 33-13). 

Forelimb 

A complete orthopedic examination of the forelimb includes 

several manipulations. 


radiographs and serial EC-Gs performed. Evaluation of the 
abdominal cavity is done initially with palpation and evalu¬ 
ation of serum chemistry tests. Abdominocentesis and radi¬ 
ographic evaluation of the urinary tract should be per¬ 
formed if clinical signs suggest injury. Traumatized animals 
with long bone fractures frequently have concurrent soft tis¬ 
sue injuries (e.g., pneumothorax, traumatic myocarditis, di¬ 
aphragmatic hernia, ruptured bladder or urethra). It is im¬ 
portant to diagnose these injuries before the animal is 
anesthetized for fracture repair. 

Orthopedic Examination 

An orthopedic examination begins by observing the animal 
for signs of lameness while obtaining the history. This is nec¬ 
essary even if the owner has attributed the lameness to a par¬ 
ticular limb, because the correct limb may not have been 
identified. The animal should be allowed to walk around the 
examination room and is observed for obvious lameness and 
for more subtle signs, such as reducing the weight placed on 
the affected limb when standing or sitting. Other observa¬ 
tions may include unilateral or bilateral muscle atrophy and 
abnormal muscle development. Dogs with bilateral hip dys¬ 
plasia or chronic cruciate ligament rupture may appear un¬ 
derdeveloped or weak in the rear quarters and heavily mus¬ 
cled in the forequarters. 

If the lameness has not been localized during the initial 
observation, the animal should be observed while walking 
and trotting. It may be necessary to take dogs outside to im¬ 
prove footing. To protect a sore limb, animals quickly shift 
their weight from the affected limb, making it appear that 
they are landing heavily on the opposite, or 
imals with forelimb lameness will lift their heads after the 
lame limb strikes the ground in an attempt to remove weight 
from the affected limb. A short stride occurs when the ani¬ 
mal has a decreased range of motion in a diseased joint (e.g., 
hip dysplasia). External swinging, or paddling, of the af¬ 
fected limb(s) occurs when the animal tries to advance a 
limb that cannot he adequately flexed. This is often observed 
in dogs with severe degenerative joint disease of the elbows. 
Animals with bilateral lameness may not limp but often 
show more subtle signs, such as shifting their weight from 
limb to limb while standing, shortened stride, and bilateral 
muscle atrophy. 

After the lame limb has been identified, the animal 

should be returned to the examination room. Limb palpa¬ 
tion and an initial neurologic examination are performed si¬ 
multaneously. Optimally, the first examination should be 
done without sedation to determine the animal's response to 
pain; however, this may not be possible in aggressive ani¬ 
mals. The examiner should develop a consistent evaluation 
pattern. One technique is to start at the front of the animal 
and work toward the rear. Also, starting at the toes of each 
limb and progressing proximal ly is useful. It is preferable to 
begin examining a sound limb to identify the individual's 
normal response to manipulation and pressure. The initial 
examination should be done with the animal standing, to as¬ 
sess muscular symmetry, joint enlargement, and propriocep- 


Below c a rpu $, Exx im it le in e ; :: a w clos c ly to c/e te r ro i n e if 
there is any foreign material present. Spread the toes and 
no/7s apart and inspect the webbing and pads . Palpate each 
digit to determine if the bones are intact and if soft time 
swelling is present , Extend and flex the phalangeal joints, 
and palpate the corresponding extensor and flexor tendons 

if they relax and tighten appropriately. Test the lateral 
and medial stability of each joint in extension . Palpate the 
areas adjacent to the metacarpal pad and over the palmar 

sesame ids of metacarpophalangeal joints 2 and 5 for sensi¬ 
tivity to pressure. Palpate the metacarpal bones to determine 
If there is swelling or instability. 

Carpus. Palpate the dorsal surface of the carpus gently to 
determine if fluctuant swelling is associated with joint effusion. 


good,” limb. .An¬ 


te 


This may be a subtle finding in the carpus and is more 
easily noted when the animal is standing because loading the 
joint forces the fluid peripherally. 


Compare the affected limb with the opposite carpus . 


Bilateral swelling may occur with some diseases, such as 
rheumatoid arthritis. 


Extend and flex the carpus. Maximum extension of the car¬ 
pus should be about 180 to 190 degrees; maximum flexion 
should be 45 degrees. 1 




A decreased range of motion may indicate degenerative 
joint disease. 


Note any crepitation. Extend and stress the carpus In /he 
mediolateral plane to determine 
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TABLE 33-12 


Sedation for Palpation and Radiographs of Dogs 


DRUG/ 

COMBINATION 


DOSE 


ROUTE 


COMMENTS 


Acepromazine* plus 

Oxymorphone or 

Butorphanol plus 

Atropine or 

Glycopyrrolate 


0.05 mg/kg, 
0.05-0. T mg/kg 


1 


IV, SC, IM Acepromazine is not reversi 

Animal will 


mg 


IV, SC, IM 


require restraint if acepromazine is used 


0.2-0.4 mg/kg 
0.02 mg/kg 


IV, SC, IM Acepromazine is contraindicated with seizure history, 

Oxymorphone can be reversed with 0.02 mg/kg of 
naloxone (Narcan) IV. 

IV, SC, IM Auditory hypersensitivity and panting 


IV 


0.04 mg/kg 


SC, IM 


0.005-0.011 mg/kg 


occurs 


Gxym or¬ 


phan©. 


Xylazine plus 

Butorphanol plus 
Atropine or 

Gtycopyrrolate 

Oxymorphone plus 
Diazepam plus 
Atropine or 

Glycopyrrolate 

Butorphanol plus 
Glycopyrrolate plus 

Medetomidine 


0.2 mg/kg 


IV, IM 


Xylozine can be reversed with ] .0-2,0 mg/kg falazolme 
IM or m 


0.2 mg/k 


IV, IM 


of xylazine may vary with route of administra¬ 
tion and weight of patient. 


t 


0.02 


IV 


mg/ <g 

0,04 mg/kg 
0.005-0.011 mg/kg 


SC, IM 
IV, SC, IM 


0.05-0,1 mg/kg 

0.1-0.2 mg/kg 
0.02 mg/kg 


IV, SC, IM Oxymorphone can be reversed with 0.02 mg/kg of 

naloxone (Narcan) IV. 

Auditory hypersensitivity and panting may 


IV 


occur. 


0,04 mg/kg 
0,005-0.01 1 mg/kg 


SC, IM 
IV, SC, IM 


0.2-0,4 m 
0,005-0.01 1 mg/kg 


IV, SC, IM After administration of butorphanol and glycopyrrolate 
IV, SC, IM wait 10 minutes before giving medetomidine. 


IV, SC, IM 


Acepromazine (0.05 mg/kg IM or SC; max of 2 mg] may be used alone fo 


diogrophs and palpation; however, it provides minimal restraint. 


r ra 


ABLE 33-13 


Sedation for Palpation and Radiographs of Cats 


DRUG/ 

COMBINATION 


DOSE 


ROUTE* COMMENTS 


Acepromazine plus 
Butorphanol plus 
Atropine or 
Glycopyrrolate 


0,05 mg/kg 
0,2 mg/kg 
0.04 mg/kg 

0.005-0.01 1 mg/kg 


Acepromazine is not reversible. 
Animal will require restraint if 


IM 


acepromazine is used alone. 
Acepromazine is contraindicated with seizure history. 


IM 


Xyiazine plus 


IM 


Xylazine can be reversed with 1.0-2.0 mg/kg of tolazol 


ine, IM 


Butorphanol plus 


n 


IM 


m 


or 


Atropine or 
Glycopyrrolate 


0.04 mg/kg 
0.005-0.011 mg/kg 


IM 


IM 


Ketamine 

Butorphanol plus 
Glycopyrrolate pi 
Me dero midi ne 


5 mg/kg 


IM 


ine provides little to no muscle relaxation. 

Wait 1 0 minutes after administration of butorphanol and glycopyrro¬ 
late before giving medetomidi 


0.2 mg/kg 

0,005-0.01 1 mg/kg 

10-20 jxg/kg 


IM 


IM 


us 


ne. 


IM 


*0ther routes of administration may be appropriate for some drugs (e.g,, IV if □ catheter is in place), 

Radius. Palpate the radius for instability (fracture), 
swelling {fracture , tumor), and pain response to deep hone 
palpation (panosteitis). 

Elbow, Palpate the elbow for fluctuant swelling in the 
space between the lateral condyle and olecranon and 
ffte media/ corona id process . 


Fluctuant swelling indicates joint effusion, which results 
from several elbow diseases. Joint effusion may be more easily 
detected when the animal is standing, Firm, generalized 
swelling ol the elbow often indicates degenerative joint disease. 


over 


Flex and extend the elbow (Figs. 33-25 and 33-26). 
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FIG 33-27 

Hyperextend the shoulder while stabilizing the scapula. Pain 
on hyperextension may Indicate osteochondritis dissecans of 
the humeral head. 


Wh ile the elbow is in extension, check the integrity of the col¬ 
lateral ligaments by applying medial and lateral force to the 
radius and ulna. 

Humerus. Palpate the humerus for instability {fracture) 
swelling (fracture, tumor), and pain response to deep palpa¬ 
tion (panosteitis) t Palpate the bone in areas where it is not 
co vered by m uscles, to differen tiate panesteitis from muscu¬ 
lar pain. 


t 


Flex and extend the elbow. Notice the angle of greatest 
flexion of a normal elbow measured with a goniometer. The 
carpus should almost touch the shoulder. Compare this to the 
angle of flexion in a dog with degenerative joint disease 


Shoulder. Swelling from joint effusion is difficult to de¬ 
tect in the shoulder because of the overlying muscles. 


(Fig. 33 26), 


Move the shoulder through a range of motion , including hy¬ 
perextension ond hyperflexion, while stabilizing the scapula 


(Pig. 33-27). 


Osteochondritis dissecans of the humeral head elicits a 
pain response when the shoulder is hvperextended, 


Hold the acromial process static nary, and mobilize the 
humeral head to detect luxation or subluxation . ] 


Many shoulder joints pop or click without significance, 
but any translation of the humeral head in relationship to 
t he a c ro mion pTo cess is abnormal 

Pa Spate the biceps tendon and apply pressure; a painful re- I 
spanse indicates tenosynovitis. fl 

Scapulo. Palpate the scapula for instability (fracture) 
and swelling (fracture, tumor). Palpate the muscle over tk ] 
scapula and compare it to the opposite side to determine at¬ 
rophy secondary to disuse or nerve injury Probe the axillary 
area for swellings and observe for signs of pain, which may 
indicate a nerve root tumor < 

Rear Limb 

Complete orthopedic examination of the rear limb involves 
various manipulations. 


FIG 33-26 

Angle of greatest flexion of elbow in dog with degenerative 
joint disease. Compare this to the angle of flexion in a 

normal dog (Fig. 33-25), 


Normal extension and flexion are about 165 degrees and 
40 to 50 degrees, respectively. The carpus should almost 
touch the shoulder when the elbow is tlexed. Decreased 
range of motion caused by incomplete flexion of the elbow 
usually suggests degenerative joint disease, which may occur 
secondary to a fragmented coronoid process, an ununited 
anconeal process, or osteochondritis dissecans. 
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the stifle is extended and causes simultaneous flexion of the 
digits. 










Tibia. Palpate the tibia for instability (fracture), swelling 
(fracture, tumor), and pain response to deep bone palpation 
(panosteitis). 

Stifle. Perform the initial examination of the stifle with th 
animal standing. Simultaneously palpate both stifles to detect 
s well i ng. 


e 


A swollen stifle usually indicates degenerative joint dis¬ 
ease. The patellar ligament becomes less distinct with joint 
effusion, and the medial aspect of the stifle enlarges because 
of capsular thickening and osteophyte formation. 

Patella , The remainder of the stifle examination is done 
with the animal in lateral recumbency* 

Extend and flex the stifle while holding one hand over the 
cranial aspect of the joint to detect crepitation. Next 
ine the stability of the patella in relationship to the femur. Ex¬ 
tend the stifle t internally rotate the foot , and apply digital 
pressure in an attempt to displace the patella medially (me¬ 
dial patellar luxation). Detect lateral patellar luxation by 
slightly flexing the stifle , externally rotating the foot, and ap¬ 
plying digital pressure to attempt to displace the patella lat¬ 
erally (Fig, 33-29). 


exam- 


FIG 33-28 

To test integrity of the Achilles tendon complex, attempt to 
•lex the hock with the stifle in extension. 


The patella normally moves slightly medially and laterally 
but is considered to be luxating when it leaves the trochlear 

groove. 


Below tarsus. See Forelimb section. 




Hock, Palpate the tarsal joints for fluctuant swelling in¬ 
dicative of joint effusion. 


Collateral ligaments, es t the in tegrity o f the colla feral 
ligaments by holding the stifle in full extension and attempt¬ 
ing to open the stifle on the medial and lateral aspects. Test 
the medial collateral ligament by using one hand to brace 
the femur while the other hand abducts the tibia. 


This may be a subtle finding in the hock and is more eas¬ 
ily noted when the animal is standing, because loading the 
joint forces the fluid peripherally Firm swelling is suggestive 
of degenera l ive joint di se ase, 


L 




Normally the medial collateral ligament will not allow 


joint laxity 


l ■ ten b an d flex r he hoc k . 


Test th e lateral col lateral Iigamen t by brad ng the fern ur wi th 
one hand and using the other hand to adduct the ft bio (Fig. 

33-30). 


Normal flexion should be about 45 degrees. Decreased 
flexion indicates degenerative joint disease, 
secondary to osteochondritis dissecans. Pain on mam 
don ot the joint (especially coupled with soft tissue swelling) 


which may be 


:> 


An intact lateral collateral ligament will prevent joint lax¬ 
ity. If the stifle is allowed to flex while the tibia is adducted, 
it may fed as though there is lateral laxity of the joint* This 
is a result of anatomic location of ihe lateral collateral liga¬ 
ment and internal rotation of the tibia and is normal. 


may indicate a fracture 

j 


i- 


Extend, adduct, and abduct the hock and metatarsal bones 
to demonstrate instability of the collateral ligaments. With 
fne stifle in extension and the hock stressed into flexion, pal¬ 
pate the Achilles tendon (Fig r 33-28). 




ie 


f- 


Cruciate ligaments. Test the integrity of the cruciate 

caudal drawer 


y 


ligaments by trying to elicit a cranial 


Rupture of the entire tendon complex allows hock flexion 
while the stifle is extended. Rupture of the gastrocnemius 
tendon and common tendon of the biceps femoris, gracilis, 
and semitendinosus muscles, with preservation of the super¬ 
ficial digital flexor, allows partial flexion of the hock while 


m o lion. 


Drawer movement is caused by the tibia sliding cranially 
or caudally in relationship to the femur. This motion is not 
possible when the cruciate ligaments 


es 


are intact in adult 
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FIG 33-29 

To exomine the stifle for medial patellar luxation, extend the stifle, internally rotate the foot, 
and apply medial pressure to the patella with the thumb. To examine the stifle for lateral 

lightly flex the stifle, externally rotate the foot, and apply lateral pressure 


patellar luxation, s 


to the patella with the fingers 


I 


fie to relax the animal ond repeat the procedure : Test drawer 
motion with the fem u r flexed and extended (Fig. 
33-31 ). Usually, the greatest movement is felt with the stifle ii 

flexion , If the patella 

groove before attempting the drawer motion. Perform the tibr 
iol compression test to detect indirect drawer motion. Detect 
forward motion of the tibia by placing the index fmg 
the patella and the tibia! tuberosity : With the leg l 
position t flex the hock to tense the gastrocnemius rw$tl& (Fig. 

33-32). This compresses the femur and tibia together, causing 
the tibia to move forward in a cranial cruciate-deficient stifle. 




in 




luxated, replace it in the trochlear 
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T he presence and amount of drawer motion depend on the 
animal’s age, size, state of relaxation, and the duration and 
type of cruciate pathology. There is minimal drawer motion 
in normal dogs and cats, although very young poppies may 
have a "Tax” stifle. Eliciting drawer motion in larger animals or 
those that are tense is difficult; sedation or general anesthesia 
may be necessary. Minimal drawer motion may be noted with 
chronic cruciate pathology (especially in large dogs) because 
periarticular fibrosis restricts stifle motion. Minimal or partial 
drawer motion may also occur 

stretching of the cranial cruciate ligament. Drawer motion is 
evident with a torn caudal cruciate ligament. 

To identify caudal drawer motion, start with the stifle in o 
neutral position. 


P- 


FIG 33-30 

To examine for collateral ligament injury, fully extend the 
stifle, stabilize the distal femur with one hand, and apply 
medial and lateral pressure to the tibia with the other fiar 


Ti 


ge 


9 


nd. 


in 


pc 


animals. Immature animals may have slight drawer motion, 
but it stops abruptly as the ligament tightens. 

To elicit direct drawer motion , place the index finger and 
thumb of one hand over the patella and lateral fa belle 
gions, respectively Place the index finger of the opposite hand 
the tibiaI tuberosity and with the thumb positioned caudal 
to the fibular head, slightly flex the stifle. Stabilize the femur, 

and gently move the tibia cranial and distal to the femur. Do 
not allow tibia! rotation , Tense muscles may prevent drawer 
motion . tf tibia! rotation occurs , gently flex and extend the $ ti- 


m 


tsc 
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dis 


incomplete tears or 






r re- 


tioi 


mg. 


Most caudal ligament ruptures are not discovered until 
exploration because they are mistaken for cranial ligament 


Ex/e 


spa- 
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injuries. 
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FIG 33-81 

To examine for cruciate ligament injury, place the thumb of one hand over the lateral 
fa be I la and the index finger over the patella. Stabilize the femur with this hand. Place the 
thumb of the opposite hand caudal to the fibular head with the Index finger 
tuberosity. With the stifle first flexed and then extended, attempt to move the tibia era n Sally 
and d istally to the femur. 


the tibial 


on 


Meniscus, In most cases, meniscal tears are identified 
during exploratory arthrotomy or arthroscopic examination. 
A dick or pop may be felt as the stifle is flexed and extended, 
causing the caudal horn of the medial meniscus to displace. 

Femur. Palpate the femur for Instability (fracture), 
swelling (fracture, tumor), and pain response to deep bone 
palpation (panosteitis). Take care to isolate bone from mus¬ 
cle during deep pa I pat ion . 

Hip. Extend and flex, the hip while a hand is placed over 
rfie greater trochenter to detect crepifati on. 


r 


1 


r 


t 


J 


J 




The femur should extend caudally to a position almost 
parallel to the pelvis without inducing pain in a normal hip. 
The stifle should approach the ilium with full flexion. De¬ 
generative joint disease limits the range of motion and may 
induce pain* 


Hip luxation. To defect abnormalities of the hip , use the 
position of the greater trochanter in relationship to the tuber 
henfum os o landmark. In the standing animal\ compare the 
distance from the greater trochanter to the tuber ischium bi¬ 
laterally , ; 


FIG 33-32 

Flexing the hock white the limb is in a standing position will 
tense the gastrocnemius muscle and force the proximal tibia 
forward if the cranial cruciate ligament is ruptured. 

With hip luxation, the trochanter rolls over the thumb 

(Fig, 33-33, C and D). 

Hip laxity . Evaluation of hip laxity is best done under 
sedat ion. 


A unilateral increase in the distance indicates hip luxa 
tion. Animals with acute hip luxations are non 
inland swelling over the greater trochanter may be noted. 

Extern o/fy rotate the femur while placing the thumb in 
space between the greater trochanter; displacement of the 

thumb shou/d occur (Fig. 33-33 f A and &}, 


weight bear- 


fbe 


With the animal in lateral recumbency ; perform the Ortolant 
maneuver to detect hip laxity associated with hip dysplasia. 
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FIG 3J.33 


fhe space caudal to the greater 


A and B, To examine for hip luxation, place the thumb in 
trochanter, and externally rotate the femur If the coxafemoral joint is intact, the greater 
trochanter will displace the thumb, C and D, If the coxofemoral joint is luxated, the greater 
trochanter will roll over the thumb. 


Grasp the stifle with one hand and hold it parallel with the 
table surface. Place the other hand over 
and adduct and push the stifle toward the pelvis. 


The Ortolan I maneuver can also be performed with the 

in dorsal recumbency, with the stifles held parallel to 
each other and perpendicular to the table* 


the dorsal pelvis. 


the stifle to sub/uxafe fhe hip. 


Apply downward pressure on 
Maintain pressure and abduct the stifle. 


W ith joint 1 axity, th e hip will s u bl uxa t e 


Maintain fhe pressure and abduct the stifle. As the femoral 
head returns to the acetabulum , use the hand stabilizing fhe 

pelvis to deled a click (Fig. 33-34). 


With laxity, a click is noted as the femoral head returns 
to the acetabulum (Fig. 33-35). The angle of subluxation is 
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Radiography 

Quality radiographs are essential for completing an orthope- 
die examination, refining the differential diagnosis, and ar* 

Radiography is also used to 


>oint at which the hip luxates, and the angle of rcduc- 
is the point at which the femoral head 


returns to the 


non is 

acetabulum. 


definitive diagnosis* 


riving ; 

evaluate fracture healing. Appropriate x-ray equipment (300 
mA or greater) and processing capabilities is required to pro¬ 
duce radiographs with sufficient contrast and detail. Correct 
patient positioning is important; chemical restraint 
necessary to allow proper patient manipulation, decrease ra¬ 
diographic study time, and minimize radiation exposure to 
the operator* Reversible drugs allow temporary patient im¬ 
mobilization (see Tables 33-12 and 33-13). Patient selection 
is important; some animals that are ill or in shock (e.g., after 
trauma) should not be sedated. To minimize magnification 
and loss of detail, the area of interest must be placed as close 

passib le. M inimizing sup e r i mp os ition ol 

structures overlying the area of interest requires careful pa¬ 
tient positioning* For a given site, adequate evaluation usually 

that two views be made at 90 degrees to each other. 


Use these calculations to determine the plate angle for pelvic 


osteotomy (see p . 1097j. 
Pelvis* Examine 


i'afence of frac - 


the pelvic region fo 
tore, including asymmetry , instability, swelling , crepitation , 

Fo detect instability, manipulate the tuber 


r evi 


bruising, and pain, 
ischia and wings of the ilium. 


Radiographic evaluation is superior to physical manipu 
lation for identifying fractures. 


checking for pelvic canal 


recta I exa m in atio n, 


Pe rform 

stenosis y pelvic fractures f and prostate enlargement 


to the x-ray film as 


Neurologic Examination 

Because neurologic disorders may mimic orthopedic dis 

concurrently, every orthopedic examina 


req u ires 

Additional views (e.g., oblique, flexed, stress) may be needed 
evaluate the problem accurately. To evaluate fractures and 
postoperative fracture repairs, radiographs of the long bones 
must include the joints above and below the bone of interest. 

addition to quality radiographs, detection, knowledge, 
and correlation of significant radiographic findings with din* 

essential. Variations in anatomic structure and 


eases or may occur 
tion should include a neurologic examination (see p. 1193). 

be made of the animal's mental 


to 


General observations can 

status during the orthopedic examination* 


In 


Evaluate conscious proprioception in all four limbs by gently 
supporting the animal and individually turning each paw 
til the dorsal surface of the paw contacts the ground. 

Normal animals return the paw to the correct position al¬ 
most immediately. Loss of conscious proprioception usually 

indicates neurologic disease; however, animals with 

ay be reluctant to move the limb and therefore 

to h avc con sc i o us p ro p r i o ce p ti on de fic i l s. 

the ventral lumbar musculature to 


ical data are 

skeletal conformation among dog breeds may 

distinguish between normal and abnormal. Remember that 
animals usually have a normal “control” limb on the opposite 
side. Comparing radiographs of the affected and normal 
limbs helps determine whether the suspected abnormality 
normal structure. Subtle morphologic changes that are bilat- 
ally symmetric are rare. Comparison radiographs are essen¬ 
tial for evaluating physeal injuries in immature animate. Early 
changes in the function of a physis can be detected bv meas¬ 
uring the length of the affected bone and comparing it to the 
length of the unaffected opposite bone. Always correlate the 
radiographic findings with clinical information. 

Serial radiographs are necessary for correct interpretation 

of dynamic processes (e.g 
bone disease). This is especially important when interpreting 

the significance of bone reaction. Radiographs made 2 to 3 

weeks apart may show rapidly accelerated growth with pri¬ 
mary bone tumors or a reparative process with regression in 

non neoplastic diseases. 


un¬ 


make it difficult 


to 


is a 


tured limbs m 


er 


may appear 


Apply direct pressure on 
isolate lumbosacral pain r 


important to differentiate lumbosacral and hip pain 
because many older dogs with radiographic signs of hip dys- 

lame as a result of other causes (e*g„ lumbosacral 


It is 


fracture healing, inflammatory 


plasia are 

instability, cruciate ligament rupture). 

Peripheral nerve damage may result concurrently with 
fractures of the middle to distal humerus (radial nerve) or 


sacrum (sciatic nerve). 


to digits of the affected limb to elicit 
sponse to superficial and deep pan . 

No response may indicate peripheral nerve damage. 


a re ¬ 


pressure 


Bone Scintigraphy 

Bone scintigraphy is used to evaluate the physiology or activ¬ 
ity of bone. Bone-seeking radioisotopes, such as technetium 
99m linked to methylene diphosphonate, are administered in¬ 
travenously. This radiolabeled compound is gradually incor¬ 
porated into actively metabolizing bone over hours and can be 
visualized with gamma camera scanning. I he images ob¬ 
tained represent the distribution of the bone tracer according 
to current rates of bone turnover and blood flow. Because in¬ 
creased bone turnover occurs before radiographic changes ire 

identify early bone abnormalities. 


DIFFERENTIAL DIAGNOSIS 
AND DIAGNOSTIC IMAGING 


A differential diagnosis is developed based on results of 
history, signalmen!, and physical examination, 
diagnoses may require additional diagnostic tools (e.g., i 
aging, hematology, serum biochemistry, cytology, or electro 

diagnostics). 


De finit i ve 


lm - 


visible, scintigraphv can 
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em en t 


Scintigraphy is the procedure of choice for obscure lame¬ 
ness in which the origin cannot be 
examination or 

tire skeleton can be scanned relatively easily. Other indications 
for scintigraphy in small animals include identification of 
bone metastasis, acute osteomyelitis, bone sequestration, 
and evaluation of bone activity in fracture nonunions. 
Scintigraphy and radiography complement each other be™ 
cause scintigraphy identifies areas of high bone turnover with¬ 
out specifying etiology, whereas radiography often allows 
J^Kia interpretation. Therefore radiographs are usually per- 
lornjcd after lesions have been identified with scintigraphy 

Computed Tomography 

Computed tomography (CT) provides a 
of the area of interest. Advantages of CT 
diographs include superior tissue density differentiation and 

no super imposition of overlying structures. CT dso allows im¬ 
ages to be reformatted in different planes. CT is superior to 

conventional radiography for identifying neoplastic bone 

giih before tumor resection. CT is also used to identify steno¬ 
sis of the spinal column and lesions of the spinal cord and 
rounding soft tissues (when used with myelography). CT 
uftcct small fragments that may be obscured by surrounding 
bone on radiographs (e.g„ fragmented coronoid 

identify bone bridging within the 
pa vs is and facilitate early treatment of growth deformities. 


DeHaan JL Shelton SB, Ackerman N: Magnetic resonance imaging 

m the diagnosis of degenerative lumbosacral stenosis in four 
dogs, Vet Surg 22:1,1993. 

Lamb CR. The pi inciples and practice of bone scintigraphy 
animals, Semin Vet A4ed Surg (Small Anim) 6; 140, 1991. 

Lewis DLL McCarthy RJ, Pechman RD: Diagnosis of common de¬ 
velopmental orthopedic conditions D ' 

Compend Cant Educ Pract Vet 14:287, 1992. 


with physical 

identified with radiographs, because the 


en- 


in small 


in canine 


nc patients 


DECISION MAKING IN 
FRACTURE MANAGEMENT 


FRACTURE-ASSESSMENT SCORE 


cross-sectional image 
over conventional ra- 


Early progressive consolidation of fractures 
relative load bearing toward healing bone and 
thopedic implants. Conversely slower fracture healing 
lutes that implants provide stability longer, increasing the like¬ 
lihood of implant-related complications. Thus each fracture 
fixation represents a timing race between implant failure and 
fracture healing. Mistakes often occur because implant selec¬ 
tion is based solely on the observation of fracture configura- 

preoperative radiograph or through compar- 

a surgery textbook diagram. 

Implant selection based solely on fracture configuration 
can lead to significant postoperative complications and fail¬ 
ures. Surgeons may become frustrated with orthopedic 
management and lose interest in treating these patients, 
though the problem lies not in surgeons 1 ' 

tial decision making. Choosing an implant system based on 
fracture configuration ignores important mechanical, bio¬ 
logic, and clinical parameters that affect patient outcome; 
consideration of these factors allows a fracture 


causes a shift in 


away from or- 

necessi- 


can 


as seen on a 


ison of the fracture to 


pro cesse s, 


bone sequestra). CJ also 


ca s e 


Magnetic Resonance Imaging 

Magnetic resonance imaging (MRI) provides superior soft tis¬ 
sue definition. When the 


abilities but in ini- 


area of interest is placed within the 
magnet field, hydrogen atoms align in a single plane. Pulsation 
ol the magnetic field alters atom alignment and causes energy 
emission. The energy signal is picked up by a radio frequency 
receiver, analyzed* and processed by a computer that 
sj'ttci* the image. The signal intensity is a complex combina- 
mot ft) hydrogen density in the various tissues, (2) the rate 
at which the hydrogen atoms realign along the magnetic field 
.ind lose synchronization with each olher 

tux ihe relative effect ot each of these components is altered 
wing the pulse sequence. The advantages of MRI include 
enhanced soft tissue contrast and absence of tissue superimpo- 
sition over the area of interest. Contrast and definition between 
Mift tissue structures, such as spinal cord, epidural fat, and disk 


-assessment 

to be developed to assist in implant selection. The 
fracture-assessment score ranges from ] to 10. The lower end 

scale represents mechanical, biologic, and clinical fac¬ 
tors that do not favor rapid bone union and return to func¬ 
tion, whereas the upper end of the scale represents those fac¬ 
tors that favor rapid bone union and return to function. 


score 


recon- 


s spin, and (3) blood 


Mechanical Facfors 


Mechanical factors influencing bone healing and 
function include the number of limbs 


injured, patient size 
and activity and ability to achieve load-sharing fixation be- 

tween the bony column and the implant (Fig. 33-36). Re- 

ducibility of the fracture must be determined. In 


nutvftil. is possible without using contrast materials. MRI 
commit provide bone detail because bone has a reduced si 
ml compared with surrounding soft tissues. MRI 
i dentify centra 1 nervous system ch a ng 


sig- 


general, 

two-piece fractures and fractures with large butterfly frag¬ 
ments that can be secured with cerclage wire or lag screws 
considered reducible , allowing the reconstructed 


is used to 

including spinal cord 
compression (especially in the lumbosacral spine) and soft tis¬ 
sue components of joints (e.g., cruciate ligament and menisci). 


es 




are 


cortex 

to share the load of weight bearing with the implants. Frac- 

k multiple large fragments arranged like barrel 
multiple small fragments that cannot be secured 
with implants are considered nonreducible , with the im¬ 
plants carrying the load of weight bearing until callus is 
formed. Because dogs and cats must bear weight with at least 

three limbs, weight bearing on the implant-hone construct 
cannot 


tures with 


staves or 


Sugge ste d reading 

HrinktT WO, Piermattei DL, Flo C_rL: Handbook of small animal 

thopedicS and fracture treatment, ed 3, Philadelphia, 

Saunders. 


tfr- 


p re vented postoperatively when multiple limbs 
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MECHANICAL FRACTURE ASSESSMENT 


Little risk 


Caution 


10 


9 


8 


7 


4 


3 


Compression 


Reducible 

Fragments 


Non-reducible 

Fragments 


m 




Single Lim b 


Preexisting Clinical Disease 


Multiple Limb Injury 




Toy Breed 


Large Dog 


Giant Breed 


FIO 33-36 

Mechanical factors to be considered when determining patient fracture assessment. 
Conditions occurring on the left (e.g., buttress function, multiple limb injury) place 

maximum stress on on implant system and require thoughtful implant choice and 

application. In contrast, if conditions on the right are present, less stress is 
the implant system, reducing the risk of complications. 


applied to 


resections, limb-lengthening procedures), loosening and fa¬ 
tigue failure are more common. 


injured or when preexisting lameness (e. 
joint disease of contralateral stifle secondary to 
cruciate ligament injury) is present in another limb. Compli¬ 
cations occur more 


sen er at i ve 


are 


i + * 


Biologic Factors 

Many biologic factors influence the rate of bone healing 
(Fig. 33-37}* The age and general health of the patient are 
important. A young (less than 6 months of age) healthy pa¬ 
tient is a “healing machine” and requires- . ^ ^ 

only a limited time. This is 


frequently when stresses are applied and 
implants are heavily loaded immediately after surgery. Large 
active patients subject fixations to greater loads and are 

to have implants loosen prematurely and tail. 


or 


more prone 

The degree of load sharing between implants and the 

bony column also influences co 
sharing occurs when a transverse or short oblique fracture is 

repaired, because much of the force is 
through the limb. Loading of the implant 
loosening and fatigue failure are 
loads are transmitted from bone segment to bone segment 
through implants rather than through the bony column 

highly comminuted fractures such as gunshot wounds 


fixation devices for 


exemplified by a 4-month-old 

puppy with a simple transverse femoral fracture 
treated by closed placement of a single intramedullary pin 
Although this fixation is not in accordance with mechanical 
considerations, the biologic factors are so powerful that un¬ 
eventful healing generally occurs. However, the same single 
intramedullary pin placed in a 12-year-old dog with a simi¬ 
lar fracture would probably result in implant loosening and 
subsequent fracture instability because of slower healing* 


mplication rates. Ideal load 


or 


transmitted axially 


is minimized, so 


less likely. Conversely, when 


(e.g 

that cannot be anatomically reconstructed, segmental bone 
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SfOLOGJC FRACTURE ASSESSMENT 


Caution 


Little risk 
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10 


Old Patient 


Middle Age 


Young Adult 


Juvenile 


Poor Health 


Excellent Health 


Poor Soft Tissue Envelope 


Good Soft Tissue Envelope 


Cortical Bone 


Cancellous Bone 


High Velocity Injury 


Low Velocity Injury 


Extensive Approach 


Mini Approach 


Closed 


FIG 33-37 

Biologic factors to be considered when determining p 

factors listed on the left do not favor rapid healing; thus the implant system must remain in 
place for prolonged periods. In contrast, patient factors on the right dictate rapid healing 
and necessitate that the implant function For a short time. 


atienf fracture assessment. Patient 


Other biologic factors to consider are whether the frac¬ 
ture is open or closed and if it resulted from a low-energy or 
high-energy injury. A significant degree of soft tissue injury 
and bony comminution accompanies open, high-energy 
fractures (e.g„ gunshot wounds). More time is required for 
bone union because soft tissues must heal first. The implant- 
bone construct must have high initial rigidity for neovascu¬ 
larization and healing of fragile tissues. It must also be rigid 
in order to function as a buttress until biologic callus is 
formed. With closed or low-energy fractures, less soft tissue 
damage is present, and bone union proceeds more rapidly. 

Another factor influencing biologic assessment is whether 
open reduction is required. If the fracture must be opened, 
iatrogenic vascular damage occurs. A powerful biologic influ¬ 
ence is the surgeons skill in minimizing soft tissue envelope 
damage during open reduction. Obtaining desired reduction 
and stability with minimal soft tissue manipulation and op¬ 
erative time allows greater success than with longer surgeries 
in which reduction and stability are obtained at the expense 
of significant soft tissue manipulation. Preservation of the 
soli tissue envelope with open reduction is exceedingly im¬ 
portant, This concept has led to a fracture management tech¬ 
nique termed bridging osteosynthesis, in which minimal or no 
manipulation of the soft tissue envelope is done ( see p. 890), 
lor example, a comminuted fracture may be repaired 
through dosed application of an external fixator or through 
open reduction and bridging of the fracture site with a but- 
tress plate without manipulation of fracture fragments. 

The bone injured and injury location influence biologic 
assessment because the soft tissue envelope surrounding var- 
long bones ditfers. Distal radial or distal tibia! diaphyseal 
fractures (i.e., locations with a sparse soft tissue envelope) 


have delayed unions or other complications more often than 
similar femoral or humeral fractures. Fractures 


occurring in 

cancellous metaphyseal or epiphyseal regions heal more rap¬ 
idly than diaphyseal fractures because cancellous bone has a 
greater surface area for contact between fracture ends. Can¬ 


cellous bone also has abundant osteoblasts and other biologic 
factors that favor hone union, which is fortunate because ar¬ 
ticular fractures require precise reduction for optimal out¬ 
come. The surgical manipulation required for reduction is 
balanced by the inherent healing potential of the region. 


Clinical Factors 

Clinical factors are patient and client factors that afreet heal¬ 
ing during the postoperative period and thus influence 
fracture-assessment score (Fig. 33-38). Factors include (1) 
the willingness and ability of clients to attend to their pets 
postoperative needs, (2) anticipated patient cooperation after 
surgery, and (3) postoperative limb function. Consider the 
clients sincerity and ability to become closely involved with 
aftercare. Unwilling clients or those unable to commit the 
time needed to care for stabilization systems requiring mod¬ 
erate or intensive postoperative maintenance (e.g., external 
coaptation, external skeletal fixations) should not be given 
this task. This is particularly valid if the biologic assessment 
dictates an extended time to bone union. Bone plates and 
screws would be more appropriate in this instance. 

Patient cooperation is an important clinical factor after 
surgery. Very active, uncontrollable patients are not good 
candidates for external stabilization systems because high 
activity levels increase the likelihood of complications with 
these systems. Hyperactive patients are not good candidates 
for external coaptation because casts or splints are difficult 
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CLINICAL FRACTURE ASSESSMENT 


Caution 


Little risk 


1 

U V 


2 


3 
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Poor Client Compliance 


Good Client Compliance 


Poor Patient Compliance 


Good Patient Compliance 


Wimp 


Stoic 


High Comfort Level Required 


Comfort Level Not a Consideration 


FIG 33-38 


Clinical factors to be considered when determining patient fracture assessment. Clinical 
factors on the left necessitate a comfortable implant system that requires little postoperative 
maintenance, whereas any implant system [regardless of postoperative maintenance) is ap¬ 
propriate with clinical factors on the right. 


to maintain without shitting or sliding. Likewise, external 
skeletal fixators may be poor choices because these patients 
may continuously bump the external bar against objects, 
causing premature transfixation pin loosening. 

Anticipated postoperative limb function must also be con¬ 
sidered. Rapid return to normal limb function is a goal of 
fracture management. Therefore patient comfort during heal¬ 
ing must be considered when selecting implants, including the 
patient’s ability to cope with discomfort and estimated time to 
bone union. When early bone union is not anticipated (longer 
than 8 weeks), comfortable implants are preferred to decrease 
client concern and prevent fracture disease (e.g., muscle atro¬ 
phy, tendon contracture). Conversely, when bone union oc¬ 
curs rapidly (less than 6 weeks), patient comfort is less critical. 
Breed characteristics and individual variation between ani¬ 
mals affect the patient’s capacity to withstand discomfort. Al¬ 
though limb function may be good to excellent in a Labrador 
with an external fixator applied to the femur, an Afghan may 
have poor function until the implant is removed. Severe mus¬ 
cle atrophy and joint contracture associated with prolonged 
disuse caused by Improper implant selection or ongoing frac¬ 
ture disease from failure of an initial fixation device may pre¬ 
vent a successful outcome even after bone union. Return of 
limb function is crucial in such cases. Patient comfort that fa¬ 
cilitates limb use and allows physical therapy to be performed 
after surgery is essential. Implant systems vary in degree of 
comfort, depending on the involved bone and individual pa¬ 
tient tolerance. As a general rule, bone plates provide the 
greatest level of postoperative comfort. 

Interpretation 

Fracture-assessment scores are based on a scale of 1 to 10, 
Successful cases with few complications often have high 
scores, whereas those that are potentially less successful and 
have more complications are often at the lower end of the 
scale. Mechanical assessment considers stress applied to im¬ 


plants and implant-bone interfaces. Biologic assessment esti¬ 
mates the length of time implants must be functional (i,e. t 
time to bone union). If the fracture-assessment score falls at 
the lower end of the scale, the implant will function as a but¬ 
tress and must carry most, if not all, of the physiologic loads 
immediately after surgery. The implant must assume this 
function until bony callus forms. This period will be pro¬ 
longed for patients with low fracture-assessment scores be¬ 
cause poor biologic factors prolong bony callus formation. 
Higher fracture-assessment scores mean less stress on the 
fixation system and less time required for bone healing. 
When the fracture-assessment score falls at the upper end of 
the scale, implants share the physiologic loads with the bone 
immediately after surgery, and bone union occurs relatively 

rapidly. 

Low scores: 0 to 3. Implants bridge fractures and 
therefore must have sufficient strength to prevent perma¬ 
nent bending or breakage in patients with low fracture- 
assessment scores. In addition, implants must have sufficient 
strength to deter excessive motion at the implant-bone in¬ 
terface. Motion at the interface will cause bone resorption, 
premature implant loosening, and potential migration. Sug¬ 
gested implants (or combinations of implants) with suffi¬ 
cient strength and stiffness to function at the lower end of 
the fracture-assessment scale are lengthening bone plates 
(see p. 886), bone plate/intramedullary (LM) pin combina¬ 
tions (see p, 886), bone plate/external skeletal fixator combi¬ 
nations (see p. 886), Type II or Type III external skeletal fix¬ 
ators (see p. 867), external skeletal fixator/IM pin 
combinations with or without a tie-in (see p. 867), and an 
interlocking nail (see p. 876). Implants should purchase 
bone with raised threads to resist axial compression and ten¬ 
sion (back-and-forth movement) at implant-bone inter¬ 
faces, Bone plates and interlocking nails fulfill this require¬ 
ment with the use of the bone screws, but the transfixation 
pins of external fixators may or may not have raised threads 






















Chapter 33 


Fundamentals of Orthopedic Surgery and Fracture Management 


859 


!.see p. 863). Raised-threaded transfixation pins or a combi¬ 
nation of smooth and raised-threaded transfixation pins 
should be used with low fracture-assessment scores. 
Moderate scores: 4 to 7, Overlapping biologic and 
mechanical factors affect healing and implant selection 
when the fracture-assessment score moves toward midscale. 
If the implant and bone share the load after surgery, the im¬ 
plant will be subjected to less stress, but healing may be de¬ 
layed, Alternatively, the biologic assessment may indicate 

early callus formation, despite the implant being subjected 
to high initial loads as it functions to bridge the fracture. In 
both situations, less implant strength and endurance are re¬ 
quired than in patients with low assessment scores because 
ot immediate load sharing and early callus formation. A 
fracture assessment toward the lower end of center means 
that the time to union will be long; therefore the implant 
should purchase the bone so as to preserve the implant-bone 
interface during the healing period. A fracture assessment 
toward the upper end of center means that the stress on the 
implant and the implant-bone interface will be high for a 
short duration; therefore the interface needs maximum sta¬ 
bility until sufficient callus is formed to share the physiologic 
load. Suggested implants include bone plates, Type I or Type 
II external skeletal fixators, 1M pin/external skeletal fixator 
combinations with or without a tie-in, interlocking nails, 
and 1M pin/cerclage wire combinations. Connections at 
implant-bone interfaces should be a thread purchase or 
combination of thread and friction purchase, depending on 
assessment of stress at the interface and an estimation of en¬ 
durance needed at this site. 

High scores: 8 to TO, When the fracture-assessment 
score is greater than 7, mechanical assessment indicates min¬ 
imal implant stress caused by load sharing, and biologic as¬ 
sessment indicates enhanced healing potential Immediate 
load sharing between the bone-implant construct and rapid 

expected. Therefore no need exists for the 
strength and stiffness of the implant to be extreme or for the 
implant to function for a long time. Suggested implants in¬ 
clude Type I external skeletal fixators with smooth transfixa- 
tion pins, LV1 pin/cerdage wires, and external coaptation. Im¬ 
plants that hold bone through frictional purchase (e.g., 
smooth pins, cerclage wire) provide adequate bone purchase. 


and splints for preoperative coaptation are described on pp. 
821 to 823. 


CASTS 

Indications 

Full leg casts encircle the limb to stabilize a fracture. They 
can be used as a primary means of stabilization 
piement to internal fixation devices. As a primary stabilizer, 
full leg casts are most useful in stable fractures in which the 
fracture assessment (see p, 855) indicates rapid bone union. 
The classic casting material is plaster of paris, but with the 
development of synthetic casting materials, its use has de¬ 
clined, Synthetic casts made of fiberglass or polypropylene 
substrate impregnated with water-activated polyurethane 
resin have considerable advantages over plaster casts. Fiber¬ 
glass bandages impregnated with polyurethane resin make 
the stillest casts without being brittle when compared to other 
casting material. They are easy to apply, with maximal adhe¬ 
siveness between layers, minimal wastage, and considerable 
durability, Fiberglass bandages interfere with radiographic 
observation of the healing fracture, however, because the 
weave pattern of the casting material is visible. Polypropylene 
substrates impregnated with polyurethane resin are more ra- 
diolucent with less distracting pattern (Langley-Hobbs et al, 
1996). Although they are more expensive than plaster of paris, 
the advantages outweigh the cost. 


or as a sup- 


NOTE • Full leg casts cannot be applied above the 
midhu menus or nmdfemur and therefore should only 
be used for fractures of the distal limb (radial/ulnar, 
tibial, and metacarpal/metatarsal fractures). With 
fractures of the carpus, tarsus, metacarpal and 
metatarsal bones and digits, and carpal or tarsal 
arthrodesis, full leg casts can also be used to supple¬ 
ment infernal fixation devices such as bone plates 
and screws. 


bone union are 




Application 

General anesthesia is usually indicated for cast placement to 
allow closed fracture reduction (see p, 890). If the fractured 
bone ends cannot be reasonably reduced (Le., varus-valgus 
and rotational alignment are maintained with at least 50% 
contact of major fragment ends), perform surgery. 




Suggested reading 


Aron DN, Palmer RH, Johnson AL: Biologic strategies and a bal¬ 
anced concept ior repair of highly comminuted long bone frac¬ 
tures , Compend Cont Ed uc Pract Vet 17:35, 1995 . 


Clip long hair and apply 
onto the limb over 


single layer of cast stockinette 
the stirrups , Extend the stockinette from 
the toes to 2 inches above the estimated proximal extent of 
the cast Fit the stockinette snugly against the limbj do not ah 
low the excess material to fold on itself or wrinkle. Apply cast 
padding in a spiral fashion to the limb from the toes to the 
estimated proximal extent of the cast , overlapping the mate¬ 
rial 50%. Use sufficient cast padding to protect the limb from 
developing cast sores , but do not use excessive padding that 
would prevent the cast from resting sn ugly agoinst and 


a 


■* i 


- 

Hi - 


FRACTURE FIXATION SYSTEMS 








EXTERNAL COAPTATION 




External coaptation may be used to provide patient comfort 
before surgery and decrease soft tissue damage. It also may 
be used as the primary repair in some conditions. Bandages 


con* 




forming to the limb (Fig. 33-39 , A}. 
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cast removal because the vibration and noise generated by 
the saw often frighten the animal 

Cut the medial and lateral sides of the cast, separate the two 
halves , and remove it. 


Generally, cast padding should be only two layers thick. 


if desired. Im- 

wa- 


Place extra padding over bony prominences 

the casting tape into cold water ; squeeze excess 
gently from the roll and apply it to the limb , beginning 
at the foes. Wrap the cast material in a similar fashion as the 
cast padding , with 50% overlap (Fig. 33-39 , BJ. Encompass 
the toes , but leave the nails of the third and fourth phalanges 
posed, to allow detection of limb swelling. As the cast tape 

use firm pressure to 




merse 


ter 


Frequent removal of a cast used for fracture stabilization 
desirable because anatomic fracture reduction may be 


*■ 


js not 

lost. If skill abrasion or loosening of the cast occurs, replace 


ex 


ment may be necessary. 


is applied above the elbow or stifle 
compress the larger muscles and 
limb. Use two layers of cast tape with 50% overlap (i.e. f tour 

layers on cross section) in small and medium-sized dogs and 

section) in larger dogs {more than 


/ 


form the cast to the 


con 




fhe 


if frequent removal is anticipated, shghtly increase 
amoun t o f cast padding applied[ place a layer o f gauze 
the cost padding , wrapping from the toes proximally, and bi- 

ini ti a! application . Use the oscillating 




over 










three layers (six on cross 

30 kg}. Apply the cast tape quickly because it will 

set in 4 to 6 minutes. Before the cast tape sets, roll the 
edges of the cost outward by pulling the proximal aspect of 
the stockinette over the end of the cast. Apply elastic adhe- 

Vefrap around the cast; and stick the stirrups to this 


valve the full cast on 




TABLE 33-14 


s/ve or 
layer 




Drugs for Sedation During Cast Removal in Dogs 




* Oxymorphone (Numorphan); 0.05-04 mg/kg 

IV, IM, or SC 

* Fentany! (Sublimaze); 0.005-0,01 mg/kg IV, IM, 
or SC 

* Acepromazine: 0,05 mg/kg IV, IM, or SC; not to ex- 


A walking bar of aluminum rod may be bent into a L 
shape and taped to the bottom of the cast so that the animal 
does not bear weight directly on the cast. Direct weight bear- 

the cast material to erode, causing abrasions 






mg may cause 
on the dorsal paw. 

An oscillating saw is required for cast removal Sedation 

or acepro- 


Butorphanol (Torbugesic, Torbutrol): 0.2-0,4 mg/kg IV 
IM, or 

* Medetomidine: 






: 5-15 jag/kg IV or IM 


with oxymorphone, fentanyl medetomidine, 
mazine plus butorphanol (Table 33-14} generally facilitates 




IV, Intravenously; IM, intramuscularly; SC, subcutaneously. 
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FIG 33-39 


stirrups on the limb and cover them 
i stockinette using an overlapping 

, overlapping each 


fiberglass cast, place adhesive 


A, When applying a 


with a stockinette. Apply cast padding firmly over 
cittern. B. Then place four to six layers of casting material on the lim 

50%, 
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to cut rfie medio! and lateral walls, Separate the two 
Zio/ves, then tape them secure// with three to four layers of 
adhesive tape . When the underlying skin needs to be treated 
the cast needs modification \ f separate the halves by 

(Roving the adhesive tape. Apply 

ine halves f and secure them with adhesive tope. 


sow 


porarily joint immobilization. They are not indicated for 
articular fractures and are rarely used for pelvic fractures. 
External fixators are well suited for stabilization after closed 
reduction of comminuted fractures. Fixation devices can be 
created to meet initial mechanical stabilization needs of the 
fracture and subsequently can be modified or destabilized 
to provide optimal stabilization throughout the healing pe¬ 
riod, Both pin factors (type, size, number, location, length) 

and frame configuration (unilateral, bilateral, biplanar) af¬ 
fect the stiffness of the fixator and its ability to resist the 
ial loading, bending, and rotation associated with weight 
bearing (Figs, 33-40 and 33-41). Threaded pins have an in¬ 
terlocking hold with the hone and resist pullout and loos¬ 
ening. Increasing pin diameter 

should not exceed 20% of the bone diameter. The number 
of fixation pins in the proximal and distal major fragments 
influences the fixators stiffness and affects the distribution 


or 


re¬ 


cast padding , replace 


Postoperative Care 


Specific written instructions outlining proper 
□re should be provided for the client. Casts should be evalu¬ 
ated 24 hours after application and weekly thereafter. Clients 
should be instructed to observe the toes daily for evidence of 

swelling (spreading the exposed digits), excessive chewing or 
licking at the cast, or a foul odor. Any of these signs requires 
that the animal be evaluated immediately. The cast should he 
kept clean and free of moisture. Instruct the client to place 
plastic covering over the cast when the animal goes outside. 
In growing animals the cast may need to be changed every 2 


at-home cast 


ax- 


increases pin stiffness but 


a 


oi the physiologic loads among pins. The greater the 

ber of fixation pins per fragment, the more effective is the 

device in stabilizing the fracture and maintaining pin-bone 

interface integrity. This is true for up to four pins per major 

proximal and distal fragment; beyond this number the in¬ 
crease 


weeks; in adults the cast may last 4 to 6 weeks. 


NOTE * Be sure to have the owners check the toes 
daily and call immediately if any swelling or other 
abnormalities are noted. 


in mechanical advantage is negligible. Locating pins 
both close to the fracture and at the ends of the bone in¬ 


creases the stiffness of the fixation and decreases the motion 
at the fracture site. Decreasing the distance between the 

and the fixation clamp increases the fixator’s stiffness. 
Orienting the damp so that the damping bolt is closest to 
the skin decreases this distance. Strength and stiffness in- 


EXTERNAL SKELETAL FIXATORS 

Indications and Biomechanical Properties 

External skeletal fixators are a versatile and affordable treat¬ 
ment for long bone fractures, joint arthrodesis, and tem- 
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Number of Pins 


Position of Pins 


FIG 33-40 

Transfixotion pin 

stiffness of bone 


parameters that can be modified to affect median 
ixator constructs. 


ical strength and 
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Type II 


Position oF external bars and nomenclature for common external frames. 


crease as the size and number of external connecting bars 
increase. In addition, because bones are subject to bending 
in two planes (mediolateral and cranio caudal), biplanar fix¬ 
ators are more effective in resisting physiologic bending 
loads than are fixators with connecting bars aligned in a sin¬ 
gle plane. 


There has been much confusion in veterinary medicine 
about the naming of various external fixator configurations 
Recently, efforts have been made to adopt a uniform and 
descriptive classification system that identifies the number 
of planes occupied by the frame and the number of sides of 
the limb from which the fixator protrudes. Using this 
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FIG 33-42 

Placement of A, half pins, 
penetrate both cortices but only 
and skin surfaces. 


skin surface, whereas full pins penetrate both cortices 


system, common frames are unilateral-oniplanar (Type la), 
unilateral-biplanar (Type lb)> bilateral-uniplanar (Type H)> 

(Type III) (Fig. 33-41), Because of an 
increasing number of bars and planes occupied by the dif¬ 
ferent frame configurations, Type la, Type lb, Type II, and 
Type III external fixators are successively stronger and stiffen 
Combining external skeletal fixators with IM pins has gained 

popularity in recent years. These systems are referred to as 
tie-in configurations [ see Fig. 33-41). Type la frames are sub¬ 
ject to bending when axial loads are applied. Adding 
ond connecting bar improves frame stiffness. Type lb frames 
resist axial compression, bending, and rotation. Type II 
frames resist axial compression, bending in the same plane 
as the fixator, and rotation. Completely resisting out-of¬ 
plane bending requires a Type III fixator. The rigid Type III 
fixator may be used initially to provide a very stable environ¬ 
ment for early callus formation. It may then be destabilized at 
about 6 weeks after surgery by removing connecting bars and 
pins, decreasing the stability of the fixator and increasing the 
stimulus for callus development and maturation. 


Fixotion pins. 


Fixation pins may be categorized by 
implantation method (e.g., half pin or full pin) or struc¬ 
tural design (e.g„ threaded or non threaded). Half pins are 
inserted so that they penetrate both cortices but only 
skin surface (Fig, 33-42, A), whereas full pins penetrate 
both cortices and skin surfaces (Fig. 33-42, B). Non- 
threaded fixation pins have smooth shafts (e.g., Steimnann 
IM pins) and are often used in external fixators. Threaded 

pins may be end-threaded or centrally threaded. Centrally 
threaded pins are used 

external fixator frames (see below). The central threads 
gage bone, and the smooth pin ends extend beyond the 
skin surface, End-threaded pins are often described ac¬ 
cording to the number of cortices to be engaged by the 
threads (i.e 


and bilaterahbiplanar 


o n e 


as full pins with Type II or Type III 


a sec- 


en- 


one-cortex or two-cortex end-threaded pins). 
One-cortex end-threaded pins have threads near the pin 
tip; therefore, although the pin itself penetrates both 
lices, the threads engage only the far cortex. Two-cortex 
end-threaded pins have sufficient thread length to engage 
both cortices. Threaded pins can be further described 
cording to thread profile (negative or positive). Centrally 
threaded and end-threaded pins in which the core diame¬ 
ter of the threaded section is sm 


ac- 


Equipment ond Supplies 

External fixation devices comprise three basic units: (1) fix¬ 
ation pins inserted into bone to hold major fragments, (2) 
external connectors to support fractured bone, and (3) link¬ 
age devices that attach the fixation pins and external 
nector. Several commercial external fixators are available for 


than the diameter of 
the smooth section have a negative thread profile. If the 
core diameter is consistent between smooth and threaded 


regions, the thread profile is positive . The thread height and 
thread pitch are specifically designed to engage dense 
tical bone (threaded cortical pins) or spongy cancellous 
bone (threaded cancellous pins) (Fig. 33-43). 


con- 


cor- 


vetermary use, and most come in various sizes, with small 


medium, and large sizes most often used 
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FIG 33-43 

Positive-profile fransfixation pins used with external skeletal 
fixation, fop to bottom , Centrally threaded cortical pin, 
centrally threaded cancellous pin, end-threaded cortical pin, 
end-threaded cancellous pin, mandibular transfixation pin. 
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FIG 33-45 


Use of acrylic materials as external connectors rather than 
standard metal bars. 


FIG 33-44 

Small, medium, and large external connectors (bars) used 
with external skeletal fixation are made of {top to bottom) 


stainless steel, titanium alloy, and carbon fiber. 


External connectors. External connectors are made of 
stainless steel, titanium alloy, carbon fiber, aluminum, or 
acrylic {Fig. 33-44), The carbon fiber rods are radiolucent, 
allowing radiographic visualization of the healing fracture. 
The different sizes of metal rods have correspondingly 
sized pin grippers (linkage devices; see below). The external 
fixator and linkage devices may be fashioned from acrylic 
using commercial kits for acrvlic-pin external fixation 
(AFEF) or from supplies designed to allow “homemade 
acrylic splints to be applied (Fig, 33-45). The AFEF system 
contains smooth and enhanced threaded fixation pins, 
prepackaged acrylic, and sterilized acrylic column molding 
tubes. The application kit also contains a reusable temporary 
alignment frame. Homemade splints use individually pur¬ 
chased materials for construction of frames. The acrylic in 
homemade splints is polymethylmethacrylate and is derived 
from dental acrylic or hoof-repair acrylic. The transfixatton 

purchased individually, and pediatric anesthesia 
tubing is used for the column-molding tubes. 

Linkage devices. The linkage device connects the fixa¬ 
tion pin and external bar. It consists of a single clamp 
through which the external bar and fixation pin are placed 
(Fig. 33-46), The external bar slides through a circular open¬ 
ing at the closed end (base) of the U clamp, and a hole is 


FIG 33-46 


Kitsch ner-type linkage devices For joining fixation pins to 
external connecting bars and external connecting bars to 
each other Note the larger holes for the external connecting 
bars and smaller holes in the bolts for fixation pins. Left to 
right , SecurTJ, SK single and double clamps, Kirschner 

clamps. 


55 


■ 


drilled in the arms of the U to accept a bolt that holds the 
fixation pin. The holt has a smooth shaft near the head and 
a threaded section at the tail. A hole in the bolt head accepts 
the fixation pin, and the threaded tail contains a nut that can 
be tightened to secure the fixation pin by squeezing it against 
the body of the U clamp. This simultaneously secures the ex¬ 
ternal bar by compressing the arms of the V clamp against it. 
Double clamps are designed to join external connecting 
bars. 


pins are 


Advances in clamp design have resulted in two clamps 
with advantages for frame application and fracture fixation, 
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The bar-gripping portion of the SK clamp is separable to al¬ 
low easy positioning on the connecting bar and is secured by 
two bolts. The hole in the bolt accepting the fixation pin is 
large enough to accept positive-profile threaded pins. Fixa¬ 
tion pins are secured with a specially designed washer posi¬ 
tioned on the pin fixation bolt. Double clamps are also avail¬ 
able in this system. The Secur-U damp has an altered 
U-shaped component that can be easily placed on the con¬ 
necting ban The head component of the clamp has 
large enough to accept positive-pro file threaded pins, Secur- 

pin (see Fig. 

33-46). This clamp is more secure in resisting fixator pin 
movement than the standard Kirschner damp (Kraus et ah 
1998). The advantages for frame application with both sys¬ 
tems include the abilities to add a damp at any time on the 
connecting bar and to insert positive-profile threaded pins 
easily th ro u gh the clam p, 

Application 

Because premature loosening of fixation pins is the most 
common postoperative complication, external skeletal fixa¬ 
tors should be applied in a manner that preserves pin-bone 
interlace stability. Stability of the pin-bone interface is re¬ 
lated to pin insertion techniques and the amount of force 
carried by the fixation pin. As a general rule, the greater the 
strength and stiffness of the fixator-bone combination, the 
more stable is the pin-bone interface. If the fracture and pin- 
bone interface remain stable after surgery fracture union 
progresses normally and few fixator-related complications 
occur Therefore it is important to understand the factors 
that significantly influence the strength and stiffness of the 
external fixator-bone combination, including frame config¬ 
uration; pin number, size, placement, position, and design; 
and bar placement. 

The patient fracture-assessment score (see p, 855) must 
be considered when choosing an appropriate frame configu¬ 
ration, The lower the fracture-assessment score, the longer 
the hxator must remain in place and the stronger it must be 
land vice versa). It is always better to err on the side of in¬ 
creased strength and stiffness rather than insufficient 
strength and stiffness. An insufficiently strong or durable 
frame will probably cause complications, whereas an overly 
rigid frame can always be destabilized to a less rigid frame as 
healing progresses. The number of pins that should be 
placed in each fracture segment depends on the fracture- 
assessment score. Lower fracture-assessment scores require 
more pins, whereas higher scores require fewer pins. Gener¬ 
ally, three or four pins should be placed in each major frag¬ 
ment when using Type I frames and two to four fixation pins 
in each major fragment when applying a Type 11 or Type III 
frame. 

An important variable when choosing a fixation pin is its 
size because pin size affects how much micromotion occurs 
at the pin-bone interface. The greater the amount of move¬ 
ment between the pin and bone, the greater will be the 
amount of bone resorption and the more rapidly the pin will 
loosen. Larger pins are less flexible and therefore allow less 


micro motion. In general, as large a pin as is feasible should 
be chosen; however, the pin diameter should not exceed 20% 
of the bone diameter. 

Once the number and size of pins have been selected, the 
method of placement and position of the pins relative to the 
fracture need to be considered. In canine bone the most ef¬ 
fective way to place a fixation pin is with a power drill, using 
low revolutions per minute (rpm). in certain situations, 
however, predrilling the fixation pin site is beneficial, such as 
when the fixation pin must pass through dense cortical or 
cancellous bone. The pin site is first drilled with a standard 
drill bit 0.1 to I mm smaller than core diameter of the fixa¬ 
tion pin. The fixation pin is then placed through the drill 
hole with a hand chuck or a power drill, using low-rpm 

speed. 

The site at which each transfixation pin will be placed rel¬ 
ative to the fracture is a factor that can positively influence 
the mechanical performance of external fixators. One pin 
should be placed 1 to 2 cm proximal and one pin 1 to 2 cm 
distal to the fracture (see Fig. 33-40). The closer these pins 
are placed on either side of the fracture, the shorter the dis¬ 
tance between connecting clamps on the external bar. There¬ 
fore the length of the bar that must sustain the load is short¬ 
ened, resulting in a stiffer external bar. Generally the most 
proximal and distal pins are placed in the respective meta- 

physes, and remaining pins are spaced evenly in the proximal 
and distal fragments. 

Another important consideration in maintaining pin- 
bone interface stability is pin design (see Fig. 33-43). Studies 
evaluating pin design suggest that threaded pins remain 
stable significantly longer than smooth pins. Fracture- 
assessment score dictates the type of fixation pins used in a 
particular case. If the score indictates rapid union (4 to 5 
weeks) and if relatively low loads will be applied to the fixa¬ 
tor, smooth fixation pins will suffice, tf the score indicates 
prolonged union or high loads, however, threaded pins or a 
combination of threaded and smooth fixation pins should 
be used. 

Loosening of a fixation pin may occur tor several reasons, 
including excessive micromotion at the point of contact be¬ 
tween pin and bone, thermal or mechanical damage of the 
bone at the time of pin insertion, and fatigue failure of the 
cortex at the point of contact between pin and bone. The 
previously discussed principles minimize micro motion be¬ 
tween the pin and bone by maximizing the strength and 
stiffness of the external fixator. Application of these princi¬ 
ples will also help limit fatigue failure of the bone by distrib¬ 
uting stresses over a larger area when more pins and larger 
pins are used. However, damage to bone and subsequent 
bone resorption can still occur if the fixation pins are not in¬ 
serted properly Proper methods of pin insertion are 
cussed below. 

A variety of frame configurations and pin designs are 
available, but certain principles of application are common 
for all external fixation devices. One of the most important 
principles is adherence to the practice of aseptic surgery. 
Proper aseptic technique, including patient preparation, 


a hole 


mg the head with a bolt 


secures the fixation 
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Place the externa! fixation bar as close to the body as pos¬ 
sible without allowing the clamps (pin grippers) or bar to 
impinge on the skin surface , Turn the pin gripping clamps 
so the bolt is closest to the skin. As a rule of thumb, place 
the external bar so that one forefinger can be inserted 
between the clamps and the skin surface (approximately 
1 cm /, 


gloving, gowning, draping, and instrument preparation, is 
just as important, if not more important, in the application 
of external fixators as for any other fixation method. 


Suspend the injured limb from hooks in the ceiling or with an 
intravenous stand. 


Ceiling hooks are preferable because intravenous stands 
may be intrusive during surgery* 

Scrub the liberally clipped area with an antiseptic soap. If 
the fixation is being applied to the radius or tibia , leave the 
limb suspended during application of the external fixator. If 
the fixation is being applied to the humerus or femur, re/ease 
the limb from the suspension after if has been draped (see 

p. 25). Because the external fixator system is only as strong 
as the connection of the external frame to the bone , insert the 
pins carefully. Make a small (1-cm) longitudinal skin incision 
ove r the p roposed pin site. Use a bemos to t to d is sect b lun tly 
through the soft tissue from the skin surface to the bone to 
create a soft tissue tunnel that allows free gliding motion of 
surrounding muscles around the fixation pin. The tunnel also 
prevents the pain and discomfort that can result from im¬ 
pingement of soft tissues against fixation pins . 

Create the soft tissue tunnel between large muscle bellies 
rather than through them f and avoid neurovascular struc¬ 
tures . Protect the soft tissues in the walls of the tunnel from 

trauma using a drill sleeve , or retrod and stabilize the tissue 
with a hemostat. 


Unilateral-uniplanar (Type la) fixators. Unilateral- 
uniplanar fixators (see Fig. 33-41) are usually applied to the 
medial surface of the radius and tibia and the lateral surface 
of the femur or humerus. The fixation pins are referred to as 
half pins because they only penetrate the near skin surface 
and bone. 


Begin by placing a half pin in the metaphyses of the proxi¬ 
mal and distal bone fragments. Place the pins in the center 
of the b one, perpendicular to its long axis and through both 
cortices. Place an appropriate number of pin grippers on the 
bar to accommodate placement of subsequent pins, for ex¬ 
ample , , if three pins are to be inserted in the proximo/ frag¬ 
ment and three pins in the distal frogment, then slide four 
empty pin grippers onto the external bar before connecting 
the pins initially placed in the proximal and distal metaphy¬ 
ses. Reduce the fracture (open or closed) and conned the 
two pins with an external bar. Place the additional half pins 
directly through the pin grippers. With threaded positive- 
profile pins , use the SK or Secur-U clamps. Once all the in¬ 
termediate pins have been placed, tighten the pin grippers , 
and make a radiographic examination of the limb to assess 
fracture reduction and pin placement. m 


This is most important when predrilling a hole in the 
bone with a twist drill bit or when inserting a threaded fixa¬ 
tion pin because both these devices will wrap tissue as they 
are advanced into the bone* Although the optimal technique 
for pin insertion remains controversial and under investiga¬ 
tion, the currently preferred techniques are (1) direct inser¬ 
tion of pins with a slow-speed drill and (2) placement of 
pins with a hand chuck or slow-speed drill after predrilling 
the hone with a twist drill bit. 


NOTE * Either SK or Secur-U clomps can be easily 
added to an externa! connecting bar if an additional 
fixation pin is required* 


Unilateral-biplanar (Type lb) fixators. Unilateral- 

biplanar frame configurations (see Fig. 33-41) are applied 
most often to the radius and tibia. With the radius, one ex¬ 
ternal bar is placed on the craniomedial surface of the bone 
and a second bar on the craniolateral surface. With the tibia, 
one external bar is placed on the cranial surface of the bone 
and a second bar on the medial surface. 


NOTE • The method of insertion depends on sur¬ 
geon preference, but each fixation pin should be 
drilled into the bone at the point of greatest cross- 
sectional diameter, and the trochar point should exit 
the Far cortical surface for a distance of 2 to 3 mm. 


Begin by placing four half pins (two in each plane) in the 
metaphysis of each major fragment as 
Reduce the fracture (open or closed), place an appropriate 
number of pin grippers on two external bars, and conned 
pins in a given plane with external bars. Determine the num¬ 
ber of half pins to use according to the desired strength and 
stiffness of the external fixator, as determined by the fracture- 
assessment score. Generally, place four half pins in one 
plane (craniomedial or medial) and four In the second pJcfflej 
(craniolateral or cranial). Therefore, place two empty pin 
grippers on each connecting bar. Place additional half pirn 
directly through these pin grippers. Once all the intermedh 


for Type lo fixators. 


Once the fixation pins and externa/ barfs) are in place, ad 
just the position of the bar relative to the skin surface. 


The distance between the external bar and the body af¬ 
fects the length of the fixation pin from its attachment to the 
bolt on the clamp to its point of entrance into the bone. The 
shorter this distance, the less flexible is the fixation pin and 
the less micromovemcnt at: the pin-bone interface. 



















Chapter 33 Fundamentals of Orthopedic Surgery and Fracture Management 


867 


ate pins are in place , tighten the pin grippers and make a 
radiographic examination of the limb . 


fixation pins are based on the fracture-assessment score, but 
normally the number of fixation pins is limited to one or 
two pins placed above and below the fracture. More fixation 
pins are not used because the greater the number of pins, the 
more intense the discomfort associated with pins placed 
through the large muscle groups. 

Begin by reducing the fracture and inserting on IM pin that 
fills 60% to 75% of the medullary canal[ Use cerclage wire 
to support long oblique fractures t spiral fractures , or com¬ 
minuted fractures having one or two large fragments. If mul¬ 
tiple fragments are present , bridge the comminuted section 
of bone with the IM pin and external fixator without disturb - 
ing soft tissue attachments to small bone fragments. Once the 
fracture is reduced and the IM pin has been placed, add the 
ex ter no I fixa tor. Use th e larges t s ize fixa ti on pi n tha t does n o t 
exceed 20 % ol the diameter of the bone and will pass adja¬ 
cent to the IM pin , If unsure about the track of the IM pin in¬ 
side the bone relative to the chosen site for insertion of a fix¬ 
ation pin, drill the proposed fixation pin site with a 
Ktrschner wire . If the IM pin is encountered, select an alter¬ 
native location; otherwise insert the fixation pin at this site, if 
more than two fixation pins 

termed!ate pins through preplaced pin grippers as described 
earlier Connect the fixation pins to an external bar placed 
1 cm from the skin surface . 


A modified Type lb fixator can be developed for the 
humerus by placing a full fixation pin through the condyles 
and constructing a unilateral frame on the lateral aspect of 
the humerus, coupled with a unilateral frame connecting the 
medial aspect of the full-fixation pin to half pins secured to 
the cranial aspect of the proximal humerus, 
ftlateral-uniplanar (Type II) fixators. Because of 
the adjacent body trunk, bilateral configurations (Type II) 
(see Fig. 33-41) cannot be placed on the femur or humerus. 
They are applied only to the radius or tibia and are usually 
placed in a mediolateral plane. 


firs f, place fu 11 pins i i n the p rox i mo I and dis to! m e taphyses 
that they lie in the same plane. Place the pins perpendicular 
to f/ie bone surface and parallel to the adjacent joint line to 
facilitate restoring axial , varus-valgus , and rotational limb 
alignment. If necessary ■ use these pins to apply traction to 
the limb to aid in fracture reduction. Reduce the fracture , 
place the appropriate number of empty pin grippers on each 
external bar to accommodate placement of subsequent in¬ 
termediate pins , and connect the proximal and distal full pins 
with a mediolateral connecting bar Insert intermediate pins 
as hatf pins or full pins, using smooth or threaded pins , De¬ 
termine which pin type to use based on the fracture-assess¬ 
ment score, if intermediate pins are to be positive-profile 

threaded pins 

tertian of th e pins . 


so 


being placed , insert the i 


m- 


Increasing the number of fixation pins strengthens the 
external fixator but also increases postoperative discomfort. 
Two methods are used to strengthen external fixators with¬ 
out increasing the number of pins. One method is to add 
more external bars; the addition of a single external bar dou¬ 
bles the strength of the system. Alternatively, the IM pin is 
left protruding above the skin surface at the exit point prox¬ 
imal to the greater trochanter. The IM pin is then “tied” into 
the external fixator by connecting the two with an additional 
short segment of external bar. 

Acrylic splints. Application of acrylic splints involves a 
one-stage or two-stage technique. The advantage of two- 

stage techniques is that pin placement and fracture reduc¬ 
tion can be assessed before hardening of the acrylic* If the 
single-stage technique is used and postoperative radiographs 
show fracture reduction or fixation pin placement to be un¬ 
satisfactory, a small section of the acrylic column must be re¬ 
moved before corrective measures can be taken. 


SeeurU clamps to allow direct in 


, use 


or 


Commercial aiming devices help direct the transfixation 
pins to the contralateral clamp. A guide device can he con¬ 
structed with an additional connecting bar and clamp. 


Once all the intermediate pins are in place , tighten the pin 
grippers and take a radiograph of the limb to assess fracture 
reduction and pin placement. 


Bilaterol-biplanar (Type III) fixator. Bilateral-bipla¬ 
ne configurations (see Fig, 33-41) cannot be applied to the 
femur or humerus because of the position of the body wall. 

the radius or tibia, place a bilat- 
in a mediolateral plane , then 
place a unilateral-uriiplanar (Type I) frame in a craniocaudal 
plane. Connect the two frames to form the tent arrangement 
of Type I// externa/ fixator configurations. 


Id apply Type III fixa to rs to 


mhuniplanar frame fType II) 


With either technique , insert the fixation pins 
fragments following the same principles and guidelines de¬ 
scribed for construction of standard external fixator frames . 
Place acrylic column -molding tubes over the ends of the fix¬ 
ation pins 2 cm from the skin surface. If using a single-stage 
technique, reduce the fracture and pour the acrylic into the 
columns . Place saline-moistened sponges or use a saline drip 
on the fixation pins to dissipate heat generated by the 
acrylic . Allow the acrylic to cure for 5 to 10 minutes . If 
ing a two stage technique, place the tubes over the ends of 
th e fixation p ins but do n of add the aery!ic. In steo d, reduce 


in the bone 


External skeletal fixators with intramedullary 

pins. Humeral and femoral fractures are not usually stabi- 
lized with external skeletal fixators alone because the most 
stable frames (Type 11 and Type 111) cannot be applied to 
these bones. To provide the strength and stiffness desired 
with complicated humeral or femoral fractures, a combina¬ 
tion IM pin and Type la or Type lb external fixator is often 
used (see Fig. 33-41). The fixation pin design and number of 




us- 
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the fracture and apply a temporary alignment frame con¬ 
sisting of standard Kirschner damps and external bars that 
are added to the fixation pins outside the column-molding 
tubes , Take radiographs to assess pin placement and frac¬ 
ture reduction; if $ati$factory f pour acrylic into the columns 

and allow it to cure, if alignment needs to be changed after 
the acrylic has hardened , cut the acrylic column(s) at the 
fracture line with 


mal mechanical performance. The most proximal and most 
distal rings are placed at their respective metaphyseal loca¬ 
tions , and the inner two rings are placed dose to the fracture, 

Equipment and Supplies 

Circular external fixators are composed of transosseous 
wires attached to rings or partial rings with wire fixation 

threaded or telescopic rods, 
connecting plates, hinges and posts, and nuts and bolts to 
form a frame. A wire tensioner and various wrenches com¬ 
plete the set {Tig. 33-47). Although many specialized com¬ 
ponents can he used with the circular fixators, the main 
components of the system are described below. 

Wires* Wires used for dogs and cats are generally 1.0,1.2, 
or 1.5 mm in diameter. Wire strength and stiffness increase 
proportionately to the diameter of the wire squared. Cats and 
small dogs weighing up to 10 kg require 1.0-mm wires, dogs 
10 to 20 kg require 1 . 2 - mm wires, and dogs over 20 kg require 
1.5-mm wires. Wires with a bayonet point are preferred for 
drilling through cortical bone. Wires with a trocar point are 
reserved for drilling through cancellous bone. Wires with a 
bead positioned midway along the wire are called olive wires 
and are placed with the bead adjacent to the cortex to mini¬ 
mize hone translation along the wire. Appropriately placed, 
olive wires can provide interfragmentary compression and 
increase the stability of the frame construct. 

Wires are placed so that one wire is adjacent to each 
surface of the ring, for a total of two wires per ring. Addi¬ 
tional wires may be added to each ring with the addition 
of two posts to the ring, to allow for a drop wire posi¬ 
tioned at a distance from the ring surface. Increasing the 
number of fixation wires increases stability of the fixation, 

t 

The angle of intersection of the wires and the positioning 
of the bone relative to the center of the ring affect the fix¬ 
ator's mechanical properties. Wires that intersect at 90 de¬ 
grees maximize stability and minimize shearing forces. Of¬ 
ten wires must intersect at less than 90 degrees to avoid 


Once the appropriate adjustments 
are made , patch the acrylic column by adding new 
to fill the gap. Peel the plastic molding back from each end 
at the gap , and drill several holes in the remaining acrylic to 
provide a site of attachment for the old and new 
Mold o small amount of new 


acryl ic 


a cry!ic. 

acrylic by hand and place it 


then allow th 


acrylic to 


9®P 


cure. 


Postoperative Care 

Postoperative analgesia should be provided (see p. 824). Im¬ 
mediately after surgery the pin-skin interface should be 
cleaned with antiseptic solution using cotton swabs. Sterile 
gauze sponges should be placed around and between fixa¬ 
tion pins and the limb wrapped with Vetrap or a similar 
bandage material. After surgery the pin-skin interface should 
be cleaned and the bandage changed daily. After approxi¬ 
mately 1 week, gauze packing can be discontinued. The pin- 
skin interface should be cleaned daily until little 
serosanguineous transudate is noted at the surface. Once the 
interface seals, the daily observations should be continued. 
After the animal has been released from the hospital, post¬ 
operative examinations should be done at 2 and 6 weeks af¬ 
ter surgery then every 4 to 6 weeks. The pin-skin interface 
should be carefully examined and the clamp and skin ob¬ 
served for separation. If irritation or drainage is present, the 
involved skin surface should be cleaned and packed with 
gauze. The fixator should be removed once the bone has 
healed. The appropriate time to take postoperative radi¬ 
ographs for healing depends on the estimated time to bone 
union and the patient fracture assessment. The patient 
should be sedated, the pin-gripper loosened, and the fixation 
pin removed with a hand chuck. 

CIRCULAR EXTERNAL FIXATORS 

Indications and Biomechanical Properties 

Circular external fixators are used to stabilize fractures, com¬ 
press or distract fractures or nonunions, transport bone seg¬ 
ments, and dynamically correct bone angular and length de¬ 
formities. The circular external fixator is uniquely suited for 
controlled distraction of bone segments resulting in new 
bone formation in the trailing pathways, called distraction 
osteogenesis (see p. 836). Small-diameter tensioned wires 
provide adequate stability to bone segments but allow con¬ 
trolled axial micromotion at the fracture site without com¬ 
promising the fixators stability. For optimal mechanical sta¬ 
bility the frame comprises four rings securing four pairs of 
wires that are placed as dose to perpendicular as the soft tis¬ 
sue anatomy allows. The smallest ring diameter, allowing a 
minimum of 2 cm between skin and ring, provides the opti- 


or no 


FIG 33-47 


Equipment used for circular external fixation Includes wires 
with and without olives, rings, wire fixation bolts, threaded 

and wrenches. 


rods, nuts, 
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vital neurovascular structures. Decreasing the angle of in¬ 
tersection results in 


Hinges are specialized posts that accept threaded rods and 
that can interlace at an angle with each other when 
nected by a bolt and nut. Used 

imal and distal ring frames and allow gradual reduction of 
an angular deformity. 

Wire tensioner. The tensioner is an instrument used to 
tension the wires to an exact force (Fig. 33-48). Wire tension 
affects the overall rigidity of the fixator construct, The exact 
amount of tensioning needed depends on the animal’s 
weight* the local bone quality the treatment pi 
frame construction. Cats and small dogs do not require ten¬ 
sioning of the wires. Dogs weighing 5 to 10 kg require 20 

tension in the wires. Dogs weighing 10 to 20 kg re 
quire 30 to 60 kg of tension in the wires. Dogs over 20 kg 
quire 60 to 90 kg of tension in the wires. Balanced tension 
using two tensioners simultaneously to tension the wires for 
single ring, is preferable. When using a tensioner that is not 


reduction of axial and bending 
rigidity. In general, wire angles less than 43 degrees should 

be avoided. Similarly, concentric placement of the bone 
within the ring is optimal. Often the soft tissues dictate 
that the bone is eccentrically placed, which decreases tor¬ 
sional stiffness and increases axial stiffness. Addition of 


a 


co n - 


in pairs, hinges connect prox- 


olive wires increases the bending, axial, and torsional stiff- 
! oi the fixator. Increasing wire tension also increases 

the bending and axial stiffness but decreases the torsional 
I stiffness of the fixator 










Rings, Three-quarter rings, half rings, and full rings ; 
selected based on size of the limb and location of the ring 

along the limb. Three-quarter rings are used when full rings 
would limit joint motion in areas 

stifle. Judicious wire tensioning (50 kg 
three-quarter rings to avoid ring deformation. Half rings 
versatile and can be used separately, bolted together to form 

es, h o rses h oe s h a p es 


to 


30 


re¬ 


ad jacent to the elbow and 


5 


or less) is used with 


are 


a 


lull rings, or transformed into o val shap 
or three-quarter rings by adding connecting plates. Full rings 
have more available holes for rods and wires but are less ver¬ 
satile, Ring diameter affects wire length and mechanical 
properties of the circular fixator. Increasing ring diameter 

decreases axial stiffness and to a lesser extent, torsional and 
bending stiffness. Ring 

The smallest ring that allows at least 2 cm in distance be¬ 
tween skin and inner circumference of the ring at all points 

should be selected for frame construction. 




) 




is dictated by the animal’s size. 
















A.: . 


•JEov -i -f 




BA 






O- 


Wire fixation bolts. Cannulated wire fixation bolts al- 








low wire 


passage through a concentrically placed hole at the 
base oi the bolt head. Ihe fixation bolt is then tightened to 
the ring surface with a nut, securely clamping the wire. Slot¬ 
ted wire fixation bolts have an eccentric slot located under 
the bolt head and parallel to its long axis. Wires are fixed be¬ 
tween the slot and the ring surface when the nut is tightened. 
The wire must be fixed without deformation. Eccentric bolts 
are used when the wire is not centered directly 
hole, Both slotted and simple washers 
fixation bolt to a wire not lying directly 
frame construction. T hreaded rods 
1 nett the rings and form a frame. The rings 
I each rod using one nut above and 




FIG 33-48 

re tensioners (calibrated and unealibrated) used 
circular fixators. 


with 




ring 

to raise a wire 




a r e 


are used to eon- 


are stabilized 


one nut below each ring. 
The nuts are tightened to clamp the ring securely. Compres¬ 
sion or distraction of the fracture 






can he achieved by turn¬ 
ing the nuts that fix the rods to the rings in the appropriate 

direction. Telescopic rods are hollow rods used as supports 
and connecting elements of the rings. These rods provide 
additional stability' when relatively long distances must be 

spanned. 




In general, frames are constructed so that one ring and its 
are placed at the proximal end of the long bone and 
another ring and wires are placed at the distal end of the 

bog bone. Two additional rings 

penetrate the proximal and distal bone segments close to the 
fracture. This 'Tar, 


'.vj res 




are placed so that their wires 


near, near, far' 1 construction provides op 
timaJ control and stabilization of the major hone segments. 




FIG 33-49 


Standard circular fixator frame for fracture 


management, 
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if the wire is 


calibrated, tensioning the wire until the tensioner remains 


penetrating muscle , position the limb to stretch 


the muscle maximally as the 


parallel with the ring without support is sufficient. 


Manually push 


ven. 


Wrenches. At least two appropriately sized crescent 


the wire through the skin and adjacent soft tissue until it 


cen¬ 


ters on the bone f penetrating the periosteum. Then drive the 


wrenches are needed for tightening bolts and nuts simulta- 


wire through both cortices with a high-speed power drill For 


neously. 


optimal wire placement , hammer the 


out through the 


wire 


re- 


Application 


maining soft tissues until it is centered in the bone . Secure the 


wire to the distal surface of the distal ring with slotted or 


Fracture treatment. Circular fixators are most applica 


can nutated holts and nuts. Reposition the frame to 


ble for fractures of the extremities below the elbow and sti 


ensure 


that the limb is centered in the frame and that the soft tissues 


tie (Fig. 33-49). Modified circular fixators have been used for 


femoral and humeral fractures, but this application requires 


not compromised by the rings. Position 


second wire 


are 


a 


adjacent to the proximal surface of the distal ring and drive 


extensive use of arches and olive wires. Principles of frame 


it through the tone. Position the wire as close to 90 degrees 


construction and circular hxator application must be fol 


/ generally ' 60 to 70 degrees 


lowed for optimal outcome in patients with all ranges of 


achieved) to the first 


is 


wire as 


soft tissue constraints will allow . 


frac t u re -as sess m e n t sco re. 


Radiographs are evaluated to determine fracture loca- 


Examine the position of the wire in relationship to the 


wire lies immediately adjacent to the ring , secure 


lion and soft tissue diameter. The rings are selected to fit 


nng. 


it with a cannula ted bolt if it 


the soft tissue diameter while allowing 2 cm of distance 


passes over a hole or with a 


slotted bolt if it passes adjacent to a hole , If the wire 


between soft tissues and the rings. To expedite operating 


is lo¬ 


cated above or below the ring sorface f use washers to raise 


time, frames are generally preconstructed with four rings 


the surface to the wire 


and three threaded rods. The rods 


which is then secured as described 


to form an 


earlier. 


equilateral triangle if possible, "he rings are positioned on 


the rods in a “far, near, near, far 


manner, with the proxi¬ 


mal ring at the proximal metaphysis and the distal ring at 


Pulling a wire to meet the ring causes undue forces on 


the distal metaphysis. In most cases the proximal ring is 


the wire that may cause pain, malalignment, and pin tract 


a 


partial ring designed to limit interference with the stifle or 


infection. 


elbow motion. The two inner rings are positioned approx- 


Reexamine the position of the frame , and place 


imately 1 to 2 cm proximal and distal to the fracture line. 


second 


a 


pair of 


through the proximal metaphysis , adjacent to 


The rings are stabilized in position on the threaded rods 


wjres 


the proximal ring , in a similar manner. 


by tightening nuts placed adjacent to the top and bottom 


surfaces of the rings. Care is taken to secure the rings par¬ 


allel to each other. Measuring the distance between rings 


Circular fixators are unique in that fracture reduction 


can 


on all three rods helps to ensure accurate placement. A 


be controlled with the frame and wire application during a 


short distal or proximal segment may limit the frame to 


closed procedure. Fracture reduction can be achieved by dis- 


three rings. Fhe single ring will secure three wires placed 


tracting the proximal and distal rings to overcome fracture 


in the short segment, two wires will be secured to the ring 


fragment overriding or using fixation with olive wi 


and the third wire will be secured on posts arising from 


bring fragments into contact. Alternately! using an arch wire 


the ring. 


technique involves placing a wire through the diaphysis of a 


bone segment and arching the wire before securing it to the 


Prepare the patient for aseptic surgery ; Place the precon 


ring. When the wire is tensioned, the arch is straightened 


st rue ted frame around the limb. 


and the bone segment drawn into alignment. Closed frac¬ 


ture reduction using the circular fixator is monitored with 


If the limb is suspended for reduction purposes (see 


radiographic control. 


p. 893), it must detached, the frame positioned, and the limb 


Fill out the remainder of the frame with additional wires > us 


reattached in suspension. Wire size is selected according to 


ing appropriate techniques to achieve fracture reduction and 


bone alignment as needed . Tension each pair of wires after 


Hold the frame in an approximate position, and select 


they are placed f achieving appropriate tension for the pa- 


an 


appropriately sized 


to drive through the distal metaph 


. Optimally ■ tension each pair of 


s r m u Itane - 


ftents 


wires 


ysh of the bone, parallel to the distal joint surf 


ously to avoid ring deformation. To tension , tighten the nut 


ace . avo 


vital soft tiss 


structures . If n ecess ary; as with a 


surgical ap¬ 


securing one end of each wire. 


Apply the tensioner to the 


preach disrupting normal skin position where the wire is to 


opposite end o f the wire and tension. Secure the remaining 


be locatedhold the skin in approximately normal position 


end of the wire before removing the tensioner. After tension- 


while the wire is driven. 


ing, cut the wires flush with the securing bolt\ 


or cut 2 to 3 


cm from the bolt and curl the ends toward the ring. Examine 


the limb and the frame to ensure that (1) all rings clear the 


This precaution ensures minimal tension on the skin ad- 


soft tissues , (2) oil 


i a cent to the wire. 


sites allow comfortable skin position, 


Wire 
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I3j all joints move freely, (4) all wires are tensioned, and 
(5) all nuts are tight. Make a radiographic assessment of the 
fracture alignment and fixation placement. 


premature consolidation. In general the animal’s age and 
health, type and location of the osteotomy, and associated 
soft tissue trauma are considered when establishing a latency 


period (Table 33-15). 


Arthrodesis. The circular external fixator 

for carpal and tarsal arthrodesis. After articular cartilage 
moval and cancellous bone graft application, a p recon - 
‘iracted frame is placed and secured with two rings located 
proximal]y to the joint and two rings distaUy to the joint. Ap¬ 
propriate angulation of the frame to accommodate the joint 

angle can be achieved using hinges in place of threaded rods. 

Bone lengthening. The ultimate advantages of the cir¬ 
cular fixator 


can be used 


An optimal rate of 1 mm per day divided into a rhythm 

of lour distractions per day (i.e„ 0.25 mm per distraction) 

has been shown to favor regenerate bone formation without 

causing soft tissue discomfort and to be clinically achievable. 
The rate and rhythm of distraction 


re- 


can be varied slightly de 
pending on the patient and the radiographic evidence of re 

generate formation. Distraction is accomplished either by 

turning the nuts securing the rings to the threaded rods 
by turning the cubes 

Radiographs should be taken every 2 weeks to observe the 
appearance of the regenerate bone and adjust the rate of dis- 


over other forms of fracture fixation are its ver¬ 
satility and effectiveness in bone distraction 

bone transport and the resultant distraction 
production of new bone i 


or 


on the linear motors. 


or intercalary 

osteogenesis, or 

the trailing pathway (see pp. 836 
and 872). Hone lengthening is used to correct a shortened 

bone after premature physeal closure. Bone 


m 


NOTE * Take care to turn the nuts 


in the 


approprb 

ate direction to cause distraction. Measure between 
the rings to ensure that disfraction 


transport is used 

bone defect produced by traumatic bone loss 
I section of a bone tumor. Successful application 

nique requires close attention to the details of appropriate 
osteotomy technique; preservation of marrow, periosteum, 
and extraosseous blood supply; application of a stable circu¬ 
lar construct; and the correct rate and rhythm of distraction. 
I Bone lengthening can be achieved unifocally or bifocally. 
I Unifocal lengthening occurs when a single osteotomy is cre- 
I ated in the bone. Bifocal bone lengthening occurs when two 
| osteotomy sites are created in the bone, effectively doubling 

the rate o! distraction. A preconstructed frame similar 
4-ring frame developed for fracture fixation i 

lengthening. Bifocal bone lengthening requires 

ring to stabilize the center bone segment. The frame can be 

constructed using the threaded rods. However, telescoping 

rods or linear motors can be inserted for increased strength 
and ease of distraction. 


or re- 
of this tech- 


is achieved. Be 
are secured after distraction to restore 


sure the nuts 


frame stability. 


traction accordingly. The regenerate bone should appear as 
definite columns of longitudinally oriented new bone ex¬ 
tending from each osteotomy surface toward a central trans¬ 
verse radiolucent area. Hone should also retain 

ametei radiographically. An hourglass configuration of the 
regenerate indicates an overly rapid distraction 


a con slant 


to the 


rate, Incon- 

sistent radiodensity, irregular bone columns, and focal fail¬ 
ures of bone formation indicate instability or poor vascular¬ 
ity; the rate of distraction should be decreased 
normal regenerate is observed. A cross-sectional diameter of 
the regenerate bone exceeding the cortical diameter indi- 

rapidly forming regenerate and the possibility of 

premature consolidation; the rate of distraction should be 
increased. 


is used for bone 


an additional 


until a 


cates a 


Optimal osteotomy techniques for distraction 
sis have been the subject of extensive i 
determined that 


osteogene- 

i n vestigation. Ilizarov 
subperiosteal partial cortical osteotomy 
'.called a corticotomy because the osteotome does 

ime across the medullary canal) around three 
the bones circumference, followed by osteoclasis 
ally fracturing the remaining quarter 

oibcd preservation of endosteal and periosteal tissues and 
Adjacent circulation (Stallings 

tors have shown that 


Bone transport. The principles and techniques de¬ 
scribed for bone lengthening are used when 

ment of bone into a bone defect while 
formation in 


not pene- 
quarters of 


moving a seg- 

sti mutating new bone 


the trailing pathway The techniq 
transport is used to fill large bone column defects occurring 
alter trauma or bone tumor resection (Fig. 33-50), 


ue of bone 


of the bone, 


et al, 1998.) Other investiga- 
osteotomy performed with an 

teotonie may be as effective as corticotomy and that 
vation of periosteal tissues enhances the 


QS- 


TABLE 33-15 


preser- 


regenerative and 

reparative potential. An oscillating saw cooled with saline 
can be used to perform the osteotomy but 

consolidation. This 


Factors Used to Determine Latency Period 

DECREASE LATENCY 
PERIOD 


may cause delayed 


may not be clinically relevant 

for young animals with greater osteogenic potential. 

After frame application and osteotomy a delay or latency 

period before initiation of distraction is recommended to al¬ 
low local cellular and vascular 
mendations v 


con ce r n 


INCREASE LATENCY PERIOD 


Immature animal Adult animal 

Excellent health Compromised health 

Subperiosteal corticotomy Osteotomy with oscillati 

Meta p hy 
Minimal 


responses to occur, Recom- 

ary from ] to 3 days for immature animals 

i to 7 days for adult animals, Early distraction 


ng 


sow 

Diaphyseal osteotomy 

Massive soft tissue trauma 


to 


seal osteotomy 
soft tissue trauma 


may 

minished callus production. Delaying distraction 


may cause 
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planning, and intensive postoperative monitoring ot the de¬ 
formity correction process. 

Initially, mediolateral and craniocaudal radiographs of 
the affected limb and the opposite control limb (if normal) 
are used to define the varus-valgus and craniocaudal com¬ 
ponents of the deformity Length discrepancy is also deter¬ 
mined by comparing lateral radiographs of the affected 
bone(s). Rotational deformity may be estimated from radi¬ 
ographs, although often it is best determined from physical 
examination. Rotational deformity is measured directly on 
the dog by comparing the planes of flexion and extension of 
the adjacent joints. 

To determin e the degree ond plane of angular deformhty and 
the optimal hinge ond motor placement trace the cranio¬ 
caudal and mediolateral radiographic images of the af¬ 
fected bone. Draw two lines that bisect their respective meta- 

physes and are 
adjacent articular surface on each tracing (Fig. 33-51 j. 

The point of intersection of the two lines is the apex of 
the deformity 

To calculate the varus-valgus and craniocaudal components 
of the deformity, draw a line connecting the intersections of 
the metaphyseal lines and the lines paralleling the articular 


Preconstruct a frame with four stabilizing rings and a center 
transport ring , Apply the frame to the affected limb as de¬ 
scribed earlier Approach and identify the osteotomy site, 
Secure the segment of bone to be transported to the center 
transport ring with two tensioned wires. Perform the os¬ 
teotomy. Ensure that the osteotomy is complete and the bone 
segm en t m ovab le. A fter th e app rop ri ate la ten t pe hod, move 
the transport ring toward the defect ot an appropriate rate 
and rhythm for the animal. 


When the transported bone segment contacts the 
bone on the far side of the defect, called docking, compres¬ 
sion is applied with the ring fixator to stimulate hone union. 
Occasionally, cancellous graft is necessary to achieve bone 
union. 


Angular limb deformity correction* The circular 
fixator can be effectively used to correct angular deformities 
and length discrepancies simultaneously. Circular fixators 
indicated for dogs that have severe limb length disc rep - 

when additional extensive growth is anticipated. 


perpendicular to lines paralleling the 


are 


ancy or 

They are also indicated for dogs that have significant cranio¬ 
caudal deformity. Circular fixators can be used to treat dogs 
with varus-valgus deformities, although techniques using 
the standard linear external fixator are also effective for 


treating; this deformity. An advantage of circular fixators in 
Treating angular deformities is that the flexibility of the sys¬ 
tem allows angular deformities and length discrepancies to 
be corrected simultaneously. Disadvantages of circular fixa¬ 
tors for correcting deformities include an intensive and often 
lengthy learning curve for surgeons, extensive preoperative 


Mediolateral view 


Craniocadal view 
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FIG 33-51 


Schematic for drawing the lines on tracings of the 
craniocaudal and lateral radiographs. Lines A parallel the 






joint surfaces. Lines B bisect the metaphvses and form the 
apex of the deformity. Lines C connect the intersections of 
the metaphyseal lines and the lines paralleling the articular 
surfaces. Lines D, connecting the apex of the deformity to 
line C and perpendicular to line C, are the vector 
components. 


FIG 33-50 


Regenerate bone appears in the trailing pathway of a 
distracted bone segment in this dog treated with bone 
resection and distraction osteogenesis. (Courtesy of Dr. 
Nicole Ehrhart,) 
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Cranial 


Cranial 


Hinge 


Bone 


Lateral 

(valgus) 


Medial 

(varus) 


Lateral ■ 
(valgus) 


Medial 

(varus) 


i 


Caudal 


Motor 


FIG 33*52 


Schematic of the ring drawing. Lines A and S connect the cranial and caudal aspects and 
the medial and lateral aspects of the ring and intersect perpendicularly In the center of th 

rm 9.* Line ^ ,5 ;. fhe to lateral vector component (determined from the cranlocaudal 

lograph ) Lme D is the cranial to caudal vector component (determined from the lateral 
radiograph). Line E is the tangential line defining the plane of deformity. The motor i 

p aced in the plane of deformity and on the concave side of the limb. The hinqes 
placed at the apex of the deformity. 


e 


? 

ai 


ra 


is 


surfaces on 


both radiographic views , Then draw a line from 
the point of intersection (ie., apex of the deformity) to th 
fine connecting the articular surface lines on each tracing 


motor on the ring in the plane of deformity and on the con¬ 
cave side of the deformity (Lewis et of 1999) (Fig, 33-52). 


e 


(see Fig.. 33-51). 


The frame is constructed with the hinges and 
the appropriate positions be tore the surgical procedure. 


motor m 


These lines are perpendicular to the lines connecting the 

articular surface lines and represent the vector components 
of the deformity. 


Following the protocol outlined above for application of 
circular fixator in fracture fixation, place the preconstructed 
frame over the affected limb , and secure the proximal and 
distal rings with tensioned wires . Ensure that the tensioned 
wires are parallel to their respective articular surfa 
additional tensioned wires to fill out the frame . Approach the 
bone and perform an osteotomy at the apex of the deformity. 


Q 


Draw the appropriately sized fixator ring with all holes repre¬ 
sented, identify and drew two lines within the circle connect - 
' in 9 fhe craniocaudal and mediolateral aspects of the ring, 
circle lines should intersect perpendicularly at the center of the 
drcle, Plot a line the distance of the medial or lateral deformity 
be., vector component), starting at the intersection of the cir¬ 
cle lines and extending the appropriate distance and direc¬ 
tion. Plot a second line the distance and directs 

or caudal deformity, starting at the end of the 
mediolateral dist 


. Place 


The osteotomy should parallel the closest articular 

face. Rotational correction is 

surgery. 

Close the incision. Ensure that the hinges and motor 
appropriately placed, and secure all nuts i 

33-53 , AJ, 

After 

tion with the motor 


sur- 

usually performed acutely at 


son 


cra¬ 


nial 


ance line and paralleling th 

circle lines. Drop a tangential line from the intersection of the 

drde line s, and terminate if at the end of the craniocaudal dis¬ 
tance line; this line defines the pi 


craniocaudal 


e 


are 


the frame (Fig. 


m 


of deformity. Place th 


one 


appropriate latency period, initiate the distrac- 


e 


an 


The rhythm of distraction is two to four times per day 
The rate of distraction will vary depending the animal and 
the radiographic evaluation of the regenerate bone. Because 
the inuloi is offset from the deformity, calculations must be 
performed to ensure appropriate distraction at the 
achieve 1 mm per day at the osteotomy site (Fig. 33-53, B). 

Postoperative Care 

Postoperative analgesia should be provided (see p. 824), 
Immediately after surgery the wire-skin interface should 
be cleaned with antiseptic solution using cotton swabs. Ster- 
gauze sponges should be placed around and between 


NOTE * The hinges are placed at the apex of the 
deformity. The positioning of the hinges is critical to 
tne outcome. Hinges placed at the apex of the de¬ 
formity and level with the convex surface of the bone 
will result in correction of the angular deformity, with 
an increase in length on the concave side of the 
bone equal to an opening wedge osteotomy. Hinges 
placed at the apex of the deformity and 
tance from the convex surface of the bone result In 
simultaneous opening of the wedge and an increase 
in the length of the convex surface of the bone. 


rn o to r to 


at a d 1 fi¬ 


de 
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FIG 33-53 


Dog treated with circular fixator For angular deformity. A, After surgery. B, After the fixator 
haa been distracted over 20 days, showing how the limb straightens as the proximal and 






distal rings begin to parallel each other. 










removed from either direction* whereas olive wires must he 
removed from the s ide o f th e olive* 


tensioned wires and the limb wrapped with Vet rap or a sim¬ 
ilar bandage material. Holes are cut in the bandage to allow 
access to the nuts involved in distraction. After surgery the 
wire-skin interface should be cleaned and the bandage 
changed daily or every 2 days. After approximately 1 week, 
gauze packing can be discontinued* The frame may still be 
protected with an external wrap. The wire-skin interface 
should be cleaned daily. 

If frame distraction is occurring, explicit instructions 
must be given to the owners to ensure proper rate and 
direction of distraction* After release from the hospital, 
the animal should be reevaluated weekly for the first 2 to 
3 weeks postoperatively or during the distraction phase* The 
wire-skin interface should be carefully examined and the 
ring and skin observed for separation* If irritation or 
drainage is present, the involved skin surface should be 
cleaned and packed with gauze. Radiographs are made every 

7 to 10 days during distraction and appropriate adjustments 
made to the rate of distraction. When the distraction is com¬ 
plete, the hinges are replaced with threaded rods, and the 
frame is stabilized by tightening all nuts. The fixation re¬ 
mains in place until radiographic evidence of bone consoli¬ 
dation, Occasionally, distraction will cause musculotendi¬ 
nous contracture, leading to flexural deformities or joint 
stiffness. Physical therapy and limb use are key to avoiding 
this complication. The circular fixator is removed once the 
bone has healed. The appropriate time to take postoperative 
radiographs for healing depends on the estimated time to 
bone union and the patient fracture assessment. The patient 
should be sedated and the wires cut close to the bolts and re¬ 
moved with a hand chuck or vise grip. Smooth wires can be 






INTERNAL FIXATION 


* 






INTRAMEDULLARY PINS 




Indications and Biomechanical Properties 

Intramedullary (IM) pins are most often used for fractures 
of the humerus, femur, and tibia. The biomechanical advan¬ 
tage of IM pins is their resistance to applied bending loads 
(Fig* 33-34, A)* In contrast to other implants (e.g., bone 
plates, external fixators), IM pins are equally resistant to 
bending loads applied from any direction because they are 

round* Biomechanical disadvantages of IM pins include 
poor resistance to axial (compressive) or rotational loads 
and lack of fixation (interlocking) with bone (Fig, 33-54, 
B and C). The only resistance to rotation or axial loads pro¬ 
vided by an IM pin is friction generated between pin and 
bone. In general, this friction is not sufficient to prevent ro¬ 
tational movement or axial collapse of a fracture* Contact 
and friction between pin and epiphyseal cancellous bone 
vary with the amount of cancellous bone and accuracy of 
pin placement. The actual pin-bone contact is not substan¬ 
tial because the cross-sectional marrow cavity diameter 
va ri es, Li m it in g the amount o f fric tion cr eat e d bet ween t h ese 
two surfaces. Because friction created between pin and bone 
is what prevents premature pin migration, stress associated 
with unstable fractures results in micromotion at the pin- 

bone interface, bone resorption, and pin migration. Because 
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FIG 33-54 

A, Biomechanical advantage of intramedullary (IM) pins is that they are equally resistant to 
bending loads applied from any direction because they are round. B and C, Biomechanical 
disadvantages of [M pins include poor resistance to rotational or axial [compressive) loads 
and lack of fixation (Interlocking) with bone. 




















of these limitations in mechanical support afforded by 
single-pin or double-pin stabilization, IM pins should be 
supplemented with other implants (e.g„ cerclage wire, exter¬ 
nal skeletal fixation) to increase rotational and axial support* 
These implants have separate indications for use and princi¬ 
ples of application that should be addressed before they are 
used in com b inat io n wi than IM pin (see belo w) * 

Some surgeons advocate using multiple IM pins to gain 
increased axial and rotational support. However, recent clin¬ 
ical and laboratory investigations question the validity of 
this technique if only two pins are used, because increased 
rotational support has not been demonstrated. This is true 
whether the pins are placed in Rush pin fashion or simply 
stacked into the medullary cavity. Clinical studies have 
shown a high complication rate when double-pin fixation 
was used, confirming that this technique does not provide 
sufficient mechanical support, A modest increase in rota¬ 
tional support was seen experimentally when multiple pins 
(more than two) were stacked into the marrow cavity. 

Equipment and Supplies 

IM pins are smooth, round, 316L stainless steel rods that are 
inserted into the medullary cavity for fracture stabilization. 


■ 
























FIG 33-55 




IM pins with chisel j/e//) and trochar (ngbfj points. 
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The most common IM pins used in veterinary medicine are 
Steinmann pins, Steinmann pins are available in sizes rang¬ 
ing from V kl to V 4 inch and come with a variety of point de¬ 
signs (Fig. 33-55). They can he single armed (one end with a 
point and one end blunt) or double armed (a point at each 
end). The most popular point designs are trocar points and 
chisel points. Chisel points have a two-sided cutting edge that 
is slightly more effective in cutting through dense cortical 
bone because it generates less heat than trocar points. Trocar 
points have a triple cutting edge and cut through cancellous 
bone easily. Because Steinmann pins are generally used as IM 
rods and are seated in proximal or distal epiphyseal cancel¬ 
lous bone, trocar points are most often used. 

IM pins may be smooth or may have threads near the end 
of the pin. The end-threaded Steinmann pin was developed to 
increase the pin s holding power in cancellous bone. However, 
use of end-threaded pins is controversial. Proponents argue 
that the pin must be “screwed out” of the bone on removal, 
suggesting that this pin design provides enhanced bone- 

holding ability compared with smooth pins. However, some 
studies have suggested that these pins do not have greater ini¬ 
tial holding power because bone merely grows into the threads 
after surgery (Howard, 1991). Thus, during the critical periods 
of early postoperative healing, bone holding is not enhanced. 
Additionally, threaded Steinmann pins have increased poten¬ 
tial for premature failure compared with smooth Steinmann 
pins. In the manufacturing of the end-threaded Steinmann 
pin, threads are cut into the tip of a smooth Steinmann pin, 
causing the pin diameter to be greater in the non threaded sec¬ 
tion of the pin than in the threaded section. This difference in 
cross-sectional area acts as a stress concentrator that predis¬ 
poses to premature pin bending or breakage. 

Application 

Application techniques vary for each fracture type and long 
bone involved. Specific techniques are described for individ¬ 
ual long bones in the discussion of fracture management. 


FIG 33-50 


il The interlocking screws provide additional 


Interlocking na 
rotational and axial support. 


INTERLOCKING NAILS 

Indications and Biomechanical Properties 

Interlocking nails are one of the most popular implants used 
for fracture management in human orthopedics. With this 
technique the interlocking nail is inserted in the medullary 
canal and locked in place with screws placed through the 
proximal and distal fracture segments and the nail (Fig. 
33-56). Interlocking nails resist all the forces acting on frac¬ 
tures. The nail provides bending support while the locking 
bone screws provide axial and rotational support. 

A veterinary model of the interlocking nail is used pri¬ 
marily for humeral or femoral fractures hut 

planted into 

lengths (see below) and have two holes in each end for screw 
insertion. The nails are indicated for a wide range ol middi- 
aphvseal fractures. Ideally, normal cortex should be suffi¬ 
cient proximal and distal to the fracture to allow insertion of 
two screws in each segment, although this is not always pos¬ 
sible in the humerus. Screws should be placed at least 2 cm 
from the fracture line to avoid excessive forces on the nail 
Interlocking nails are weakest at the screw hole, 
ure at the screw hole has been reported when an inadequate 
sized nail was used or when the screw hole was adjacent to 
the fracture line. Screw failure may also occur. 

Equipment and Supplies 

Interlocking nails available for veterinary use are 4.0, 4.7, 6.0, 
and 8.0 mm in diameter, with five or six lengths available in 
each size. Each nail has three or four screw holes (up to two 
in each end). The appropriate-sized bone screws and inser- 


Postoperative Care 


may also be im- 


the tibia. The nails come in various sizes and 


Postoperative analgesia should be provided (see p. 824). 
General postoperative care for fracture management is pro¬ 
vided in the section on individual long bones. Generally, 
postoperative examinations are done at 2 and 6 weeks after 
surgery and then every 4 to 6 weeks. Animals with IM pins 
do not require special postoperative care. Clients may be¬ 
come concerned about a subcutaneous fluid swelling sur- 

a seroma caused by irritation of 

soft tissues. IM pins should be removed 

, it will 


pin end: this is 


ro u nd i ng th e 
the pin moving in 
once bone union has occurred; if a seroma is present 


Fatigue fail 


resolve after pin removal. 


To remove o pin, sedate the patient, and dip and aseptically 

the skin surface overlying the end of the pin , Instill 


prepare 

a local anesthetic f and make a small skin incision over the 
paIpable end of the pin . Blunfly dissect soft tl ssues from the 
pin , grasp it with a pin remover ; and extract it from the bone. 
Place a suturefs] in the skin wound. 
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Postoperative Care 

Postoperative analgesia should be provided (see p, 824)* 
General postoperative care for fracture management is pro¬ 
vided in the section on individual long bones* Generally, 
postoperative examinations should be done at 2 and 6 weeks 
after surgery and then every 4 to 6 weeks* The appropriate 
time lo take postoperative radiographs to determine healing 
depends on the estimated time to bone union, based on the 
patient fracture assessment* Most interlocking nails are left 
in place after bone healing. The recessed end of the nail does 
not generally impinge on soft tissues. If a nail is removed, the 
patient must be placed under general anesthesia. 

Clip and aseptically prepare the skin surface , and make 
small skin incisions over the interlocking screws * Remove the 
screws > and make an incision over the end of the pin, Apply 

the distraction device and remove the pin , 


ORTHOPEDIC WIRE 


Orthopedic wire is often referred to as cerclage wire or 
hemicerdage wire, ll is used in combination with other or¬ 
thopedic implants to supplement axial, rotational, and 
bending support of fra ctu res * T he term cerdage w i re i s u sed 
to denote the use of orthopedic wire placed around the cir¬ 
cumference of the bone* Hemicerdage wire or in terfragmen - 
tary wire is the term used to denote wire that is placed 
through predrilled holes in the bone (see p. 903). Cerclage 
wire can be combined with Kirschner wires to prevent wire 
slipping in areas where the bone diameter changes or to se¬ 
cure cerclage wires at an oblique angle to the long axis of the 
bone. Cerclage wire has two distinctions: it is the most com¬ 
monly used implant and the most commonly misused im¬ 
plant in veterinary orthopedics* Misuse of cerclage wire 
causes a significant percentage of the postoperative compli¬ 
cations seen in veterinary patients* 


FIG 33-57 

Equipment used for interlocking nail fixation includes (left to 
right) drill-guide jig, drill guides, extension pieces, nails, 
reamer, and trocar. 

tion equipment are needed for each size nail. The distal end 
is a trocar point and the proximal end has an internally 
threaded hole and two alignment tabs, to which an extension 
piece can be attached. An insertion tool is attached to the ex¬ 
tension piece to insert the nail in a normograde direction. A 
drill-guide jig is then attached to the extension piece and used 
to align the drill bit with the holes in the nail (Fig* 33-57)* 

Application 

Prepare the marrow cavity for nail placement by inserting 
ties of progressively larger Steinmann pins or a hand reamer ; 
ramo vi ng ma i nly medullary con ten ts and m efaphyseal cancel¬ 
lous bone. Attach the appropriate extension and the insertion 
tool to insert the appropriate-length nail. Remove the insertion 
tool, attach the drill-guide jtg to the extension f and secure it in 
place . Drill a hole in the proximal fragment through the 
cortex and the noil hole and exiting the far cortex. Prepare the 
hole /or and insert a bone sere w to in terlock with th e no if 


a se- 


Indications and Biomechanical Properties 

Cerclage wire is used to provide added stability to long 
oblique fractures, spiral fractures, and comminuted frac¬ 
tures (Fig* 33-58). Cerclage wire is always supported by ad¬ 
ditional implants (e.g., JM pins, external fixators, plates) that 
control the large weight-bearing (primarily bending) forces. 
The wire may be used with other implants to provide addi¬ 
tional stability lor a fracture (stabilizer), or it may be used to 
hold fracture fragments in alignment (adaptation) while the 
other implants provide stability* Making the distinction as to 
whether cerclage wire will function as a stabilizer or for 
adaptation preoperatively is important for a successful out¬ 
come, To function as a stabilizer, wire must generate suffi¬ 
cient compression between fracture surfaces to prevent the 
fragments from moving or collapsing under weight-bearing 
loads. To accomplish this, three criteria must be met: (I} the 
length of the fracture line should be two to three times the 
diameter of the marrow cavity, (2) there should be a maxi¬ 
mum of three (preferably only two) fracture fragments, 
and (3) the fracture must be anatomically reduced* When 
these criteria are met, cerclage wire can provide additional 


near 


The guide system is mandatory to ensure that the drilled 
hole intersects the hone at a site where a hole exists in the pin* 

C/iedc ro fa hartal alignment and axial length before placing 
the distal screws and the remaining proximal screw. See pp* 

9B7, 921 , and 1007 for instructions on placement of IM pins 

in Jjfifi fern u r t h umeru s, a n d Ft hi a , res pec ft ve ly. 


NOTE * Drill the distal hole while maintaining 
drill bit in the proximal hole to ensure that the drill- 
guide jig is aligned with the nail for the entire length 

of the bone. 


a 
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Single large 


fragment 


Fracture configurations in which cerclage wire is useful for providing mechanica 

through interfragmentary compression. 


Orthopedic wire fixation is generally not recommended 
for stabilizing short oblique (45 degrees) or transverse frac¬ 
ture lines and is contraindicated m dogs with fracture- 
assessment scores in the moderate to low ranges. Occasion- 

used to supplement [M pins sta¬ 
bilizing short oblique or transverse fractures in animals with 
very high fracture-assessment scores. Use of a Kirschner wire 
crossing the fracture line* with a cerclage wire looped around 
the diaphysis of the bone and resting above and below the 
Kirschner wire, has been recommended for short oblique 
fractures but is inferior to lag screw fixation (Smith et al, 
1996). Supplementing IM pins with crossed Kirschner wires 
and cerclage wires or figure-eight orthopedic wires appears 
most effect for resisting torsional loads in transverse frac¬ 
tures (Metelman et ah 1996). 

Equipment and Supplies 

Cerclage wire is made from 316L stainless steel. It may be 
purchased in a spool or as preformed loop wire and is avail¬ 
able in sizes ranging from 22 gauge (0.64 mm) to 18 gauge 
(1.0 mm). The use of 22-gauge or 20-gauge wire is recom¬ 
mended for cats and small dogs, whereas 18-gauge wire is 
recommended for larger dogs. Hemicerclage wire should be 
18-gauge or 20-gauge monofilament 3I6L stainless steel. A 
variety of instruments (e.g., one-phase and two-phase tight¬ 
eners) are available to secure the encircling wire to bone. 
Some instruments generate tension in the wire while simul¬ 
taneously securing it with a twist or loop knot; others gener¬ 
ate tension in the wire first and then secure it with a twist or 


stabil ity b y gen er ati ng s u ffi ci en t co m p re ss ion bet wee n frag¬ 
ments to hold them in place during healing. If more than 
two or three fragments are present or if the fracture lines are 
not of sufficient length, cerclage wire can only be used to 
hold fragments in position; it cannot generate the compres¬ 
sion needed to resist weight-bearing loads. 

Tile attempt to gain stability with cerclage wire in multi- 
fragmented fractures is the most common cause of cerclage 
wire failure. When multiple fragments are present, movement 
postoperatively may cause one of the pieces to shift in posi¬ 
tion , whieh wou 1 d allow the entire segment of reconstructed 
bone to collapse. An analogy to the use of cerclage wire for 
stabilizing multiple bone fragments is the use of metal rings 
to hold slats in a wooden barrel. Collapse would occur if one 
slat (bone fragment) in the barrel were to loosen. When wire 
is misused, probable outcomes include collapse of the frac¬ 
ture, loss of stability and wire loosening* which further de¬ 
lay healing. 

Some mechanical variation in initial tension is generated 
by the wire and the resistance to load, depending on the 
method of tightening (loop vs. twist) and the wire pattern 
(single-wrap vs. double-wrap cerclage wires). In general, 
twist tightening generates less tension in the wire than loop 
tightening, and double-wrap patterns generate greater com¬ 
pression of the fragments with increased resistance to the 
load of weight bearing (Roe, 1997). Clinical performance of 
the two types of wire tightening and the single-wrap and 
double-wrap patterns appears similar as long as principles of 

wire application are followed. 


, wiring techniques are 


ally 
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FIG 33-59 

Proper placement of cerclage wire. Wires are placed 3 to 4 
mm From fracture ends and at least 1 
wires may be secured with □ Kirschner wire. 


Wire 




tension 


apart. Cerclage 


cm 












loop knot. Although a difference has been noted experimen¬ 
tally in the performance of these two types of instruments, 
clinical performance seems to be similar as long as the prin¬ 
ciples of wire application are followed. 






FIG 33-60 




Placement and mechanical principle of a tension band, 
Tightening the wire exerts a force that counters the Force of 
muscle contraction and compresses the fracture surface. 


Appiication 


Cerclage wire. Use a wire passer to place the 
around the bone without extensively reflecting soft tissue. 
Do not entrap tissue between the wire and periosteum. Use 
o minimum of two wires placed 3 to 4 mm from each end 

of the fracture line (Fig. 33-59). Place additional wires 1 

cm opart and within the boundaries of the most proximal 
and distal wires . 7b prevent slippage and loosening of th 
wire, place the wires perpendicular to the bone surface. If 
the bone changes diameter at the placement site , the wire 
will fend to slip toward the area o f smaller diameter To 


wire 


Ascertain the degree of tightness by touch , and check it by 
attempting to move the wire with 
Replace the wire if it is loose. If 

bend the twist over because significant tension i 
wire loop . Instead, leave the twist i 
and cut it near the third twist. 


a pair of needle holders, 
a twist knot is used, do not 






lost in the 


ts 


the extended position 


tn 


e 






A fibrous cap will rapidly form over the protruding end 
of the wire, providing protection from soft tissue irritation. 
Alternately, leave the twist longer and turn it into the bone, 
tightening the twist while turning it 

When all the wires have been placed , recheck the tightness 
of each wire because loosening of the initial wires may oc- 
with subsequent wire placement. 

Postoperative Care 

Postoperative analgesia should be provided (see p, 824). 
Wire used for fractures does not require special considera¬ 
tions postopenuively. Wire is generally not removed once the 
fracture has healed, unless it causes problems. 


pre¬ 
vent slipping ; place a Kirschner wire across the fracture 

and leave the ends of the Kirschner wire protruding i 
beyond the bone surface at both the 
Place the cerclage wire around the bone such that the loop 
rests above the Kirschner pin at the far cortex and below 
the Kirschner 






mm 


■ 


and far cortex. 


near 


pin at the 


cortex. Alternatively r f make a 
ne surface with the point of a pin or 
wire loop within the notch to prevent 


small notch in the bo 




small file, Place the 

slippage . 






The instrument used for tightening the wire is not criti¬ 
cal; however, the wire must be tight after securing the knot. 
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PART IV Orthopedics 


TENSION BANDS 

Indications and Biomechanical Properties 

Tension is the predominant force when fractures occur at a 
point where groups of muscles originate or insert in bone 

greater trochanter, olecranon, supraglenoid tuberosity 

of scapulae). Contraction of the muscle 
generates tension that pulls the bony insertion 

from its anatomic location. The 
tension is through application of a tension band (Fig- 
33-60). The purpose of a tension band is to convert detrac¬ 
tive tensile forces into compressive forces. 

Equipment and Supplies 

Equipment needed for placement of a tension band includes 
small Steinmann pins or Kirschner wire and orthopedic wire. 


Strumentation and bone plates were designed to treat animal 
injuries. To achieve consistent and predictable results with 
bone plating, a thorough understanding of the principles 
and techniques of application is essential. Although several 
companies are marketing varied designs of equipment, the 
AO/ASIF system is used to describe the principles of appli¬ 
cation in this text. 


(e 


group at these sites 


or origin 
most effective way to resist 


Indications and Biomechanical Properties 

offer a versatile method ot fracture 


Bone plates and screws 
stabilization and can stabilize any long bone fracture. They 
often used for fractures of the axia 1 skeIeton. Bone plates 


and screws are particularly useful when postoperative com¬ 
fort and early limb use are desired (e,g„ fractures involving 
joint surfaces, patients with fracture disease). 

Screws used as lag screws cause compression at the frac¬ 
ture, increasing the friction between fragments and resisting 
the forces acting on the fracture. Two or more screws must 
be used to counteract bending forces in the diaphysis but are 
not sufficient to withstand the large loads generated by 
weight bearing without plate support. Screws may be used to 
reconstruct articular fractures without plate support in 
some cases. Screw resistance to bending load is determined 
by core diameter and increases by raising the radius to the 
fourth power. Screw-holding power increases in a linear re¬ 
lationship with increasing diameter of the threads. 

Bone plates effectively resist the axial loading, bending, 
and torsional forces acting on fractured bones. Plates are 
susceptible to repeated bending stresses because of the 
plate's eccentric location in relationship to the long axis of 
the bone. Implant fatigue failure occurs when the opposite 
cortex is not reconstructed and tails to bridge with bone 
early enough to protect the plate. Plate holes concentrate 
stress, and failure generally occurs in this area. Increasing the 
plate size, using a broad lengthening plate 
plate/pin combination may strengthen the implant 
duce the stain sufficiently to reduce risk of fatigue failure. 


Application 

When using pins and wire to apply a tension band , reduce 
the fracture first , fhen place two small pins or Kirschner wires 

the fracture to maintain reduction , Place the pins per - 


acros s 

pendicu/or to the fracture line and parallel to each other: Drill 

below the fracture 


a smalt hole through the bone 1 to 2 

line such that the wire will rest on the bone's tension surface 

when tightened* In the femur ; for example , drill the hole from 
cranial ta caudal so that the wire will rest on the lateral, or 
tension , surface of the femur Pass the wire through the drill 
hole and around the two small pins used to stabilize the frac¬ 
ture. Twist the ends to form a figure-eight from the pins to the 
drill hole . The fw/sf portion of the wire should be on top of the 

Wind the twist knot to tighten the 


cm 


flat portion of the wire . 

of the tension band l As fbe wire is tightened, tension i 
ated that opposes that generated by muscle contraction . Bend 
the exposed ends o f the Kirschner wire s 90 degrees t and turn 
the ends into the tendon (Fig. 33-60). 


or using a 

or re- 


Postoper0tive Care 

Postoperative analgesia should be provided (see p. 824), $p 
dal postoperative care is not required for tension hands. If 
(he ends of the pins irritate soft tissues, the pins should be 
removed. Otherwise, tension bands are not removed once 
the fracture has healed. 


e- 


Equipment and Supplies 

Bone plating sets are available that contain the instrumen¬ 
tation necessary to apply the implants. Drill guides and 
sleeves, taps, depth gauge, and serewdriver are used to insert 

Bending and torquing irons are used to contour or 


BONE PLATES AND SCREWS 


s cre w s. 


shape the plates. 


Stabilization of fractures with bone plates and screws is a 
popular method of fracture fixation. Modern plating tech¬ 
nology began in the early 1960s when a group of Swiss sur¬ 
geons formed an association for the study of fracture treat- 
mem in humans. This group, the Swiss Arbeitsgemeinschaft 
fur Osteosynthesefragen (AO), is referred to as the Associa¬ 
tion for the Study of Internal Fixation (ASIF) in the United 
States. The AO/ASIF developed and continues to develop 

recommendations for application of orthopedic devices, 
which have led to increased success and fewer complications 
associated with fracture management. In the 1970s an arm of 
the AO group, the AO-Vet, was established to document and 
address problems specifically associated with fracture man¬ 
agement in animals. From this group's work, specialized in- 


Cortical and cancellous bone screws are made ot 316L 


stainless steel or titanium and may or may not be self¬ 
self-tapping screw requires that threads be 


tapping. A non 
cut into bone with a tap; a self-tapping screw has a cutting 

tip to cut threads into bone and flutes to accept bone debris. 
Controversy surrounds which of these screws is best, but 
currently the most common ASIF screws are non-self-tap¬ 
ping. Cortical screws are fully threaded and designed for use 
in compact cortica 1 bone. The pitch {number of threads per 
inch ) of the screw is greater than that of a cancellous screw 
(Fig. 33-61), This allows a greater number of threads to en- 

the matrix of the relatively narrow-diameter cortical 


gage 

bone. Cancellous screws are either completely or partially 
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FIG 33-62 

Types of bone plates. Left to right\ 2.0 dynamic compression 
plate (DCP), 2.7 DCP, 3.5 limited-contact dynamic 
compression plate (LC-DCRf 3.5 narrow DCP, 3.5 broad 
DCP, 4.5 LGDCP, 4.5 narrow DCP, and 4.5 broad DCP. 












FIG 33-61 


Types of bone 


screws. Left to right, Cortical, fully threaded 

cancellous, partially threaded cancellous. 








when a lag screw is inserted into the cortex independent of 








threaded and are used primarily in 


the epiphysis or metaph- 
ysis. The thread height (difference between the core diameter 
and outer screw diameter) of cancellous screws is greater 
than the thread height of cortical screws, which allows deep 
purchase into the soft, spongy epiphyseal or metaphyseal 
bone. Cortical and cancellous screws are named for the out- 








ASIF bone plates are made of 316L stainless steel or tita¬ 








nium; however, because titanium plates and screws are more 
expensive than stainless steel plates, the latter are used more 
often. Bone plates are designated in several different ways, 
including plate length, screw size that the plate hole will ac¬ 
cept, plate and screw hole configuration, and function, Plate 
length is designated by the number of plate holes. Each of the 
different plate sizes is available in wide range of lengths. The 

3.5 broad plates range in length from 4 to 22 holes and the 
2.7 plates from 4 to 12 holes. Plate size is determined by the 
cortical screw that the plate holes will accept; in a 3.5 broad 
plate, for example, the plate holes will accept 3.5-mm corti¬ 
cal bone screws. Similarly, 2,7 bone plates accept 2,7-mm 
cortical bone screws, and 4,5 bone plates accept 4.5-mm 

(Fig. 33-62). 

Fla te h o le co t ifigu ration is also used to design a te the type 
of plate. A plate hole can be round (e.g., veterinary cuttable 
plate) or oblong (e.g„ dynamic compression plate). A bone 
plate with oblong holes is referred to as a dynamic compres¬ 
sion plate (DCF) because compression can be applied to the 
bone through the dynamic action of the screw being tight¬ 
ened. The configuration of the oblong hole is based on a 
spherical gliding principle modeled after a ball rolling down 
an inclined plane. The conical shape of the screw head is rep¬ 
resentative of the ball, and the oblong plate hole is represen¬ 
tative of the inclined plane. With the plate hole being in¬ 
clined, the screw head will slide toward the center of the 
























side diameter; in 3.5-mm cortical screws, for example, the 
outer screw diameter is 3.5 mm. Cancellous and cortical 
screws are available in sizes ranging from L5 to 6.5 mm. 

Bone screws are used either to anchor bone plates to bone 
or to hold bone fragments in place. When used to anchor a 
bone plate to bone, these screws are called plate screws * The 
screws used to hold bone fragments in anatomic position 
and prevent th em fro m collapsing in to the m a r row cav itv are 
called position screws. Position screws can be inserted 

through a plate hole or placed in bone independent of the 
plate. Lagscrews (also termed compression screws) are used to 
apply compression between fragments. 

Whether a screw is used as a plate screw, a position screw, 
or a lag screw, appropriate instrumentation must he used to 
implant the screw correctly. Specific drill guides are used for 
neutral and eccentric placement of plate screws as well as 
placement of screws independent of a bone plate. Each 
different screw size has a drill bit corresponding to the inner 
core diameter (shaft) of the screw, a drill bit corresponding 
to the outer diameter of the screw, and a tap corresponding 
to the threads of the screw. The manufacturer (ASIF) pro¬ 
vides a chart to assist in choosing the appropriate instru¬ 
mentation for each screw size. Additional instrumentation 
indudes a depth gauge to measure the length of screw de¬ 
sired and a countersink to cut a circular groove in the cortex 
to accept the head of the screw. The countersink is only used 






























bone screws 


















oblong hole as the screw is tightened. When the screw slides 
toward the center of the plate hole, horizontal movement of 

bone beneath the plate occurs. If this is done on each side of 
the fracture line, the bone is pushed together from both 
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FIG 33-63 


A, Cross sections of plate hole in A, DCP, 


B, LC-DCP. 


( 


f, 




sides, resulting in compression at the fracture Line. Proper 
screw placement is ensured by using drill guides that center 
the drill hole in either a loading or neutral position. In the 
loading position, approximately I mm of compression is 
achieved for each screw tightened, whereas in the neutral po¬ 
sition approximately 0*1 mm of compression is achieved. 
The spherical gliding principle is implemented on both ends 
of each plate hole in the limited-contact dynamic compression 
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FIG 33-44 

Functions of a bone plate. A, Compression plate. 
B, Neutralization plate. C, Buttress plate. 


screw holes (300 mm). The plate can be cut so that it has the 
desired number of holes* VCPs are often used in a stacked 


plate (LC-DCP) (Fig. 33-63). 


In addition to plate hole design, bone plate configuration 
is also used to designate the plate type. The 3.5 and 
4.5 bone plates are available as standard plates and broad 
plates. The broad plates are wider, which gives them in¬ 
creased strength and stiffness, an important feature when 
bone plates are used in large-breed and giant-breed dogs. 
Both titanium and stainless steel plates are designed as 
LC-DCPs. They are manufactured so that there is limited 


configuration to bridge comminuted fractures in smaller pa¬ 
tients, Stacking two plates onto each other increases the 
strength and stiffness of the fixation compared with using a 
single plate. The canine acetabular plate is manufactured to 
conform to the dorsolateral surface of the canine acetabu¬ 
lum and is available in two sizes* This plate is particularly 
useful in large and giant breeds because it is strong and stiff. 
The canine distal radial plate is made lor distal radial and ul 


contact between the plate and bone, to minimize interrup 


nar fractures in small breeds. Typically this fracture has a 


tion of blood flow. This is accomplished by undercutting the 


very short distal segment, which makes it difficult to place an 


bottom surface of the plate between the screw holes. Under- 


distal radial 


adequate number of plate screws. The canine 


cutting the screw holes also evenly distributes the stress on 


plate has a T configuration, with the horizontal bar con- 


the pi ate, eliminating the effect of the plate hole as a stress 


forming to the epiphysis/metaphvsis of the distal radius* The 


holes are based on the dynamic 


concentrator. 


screw 


shape and size of the plate allow adequate plate screws to be 


that the oblong screw 


compression principle but differ in 


placed in the short metaphyseal segment. 


hole is inclined from both ends of the screw hole toward the 


Although bone plates are designated as to their intended 


compression to be applied in either direc- 


center, allowing 


function (compression, neutralization, or buttress), depend- 


tion. Special drill guides are required. The undercutting also 


how they are applied to the bone, it is important to 


allows greater angulation (up to 40 degrees) of plate screws* 


* 


ing on 


realize that the plate configuration (DCP plate, veterinary 


Specialized bone plates (e.g., reconstruction plates, angled 


cut table plate, broad plate) does not change. A 3,5 broad 


plates, condylar screw plates) are available for selected or- 


DCP may serve as a compression plate, neutralization plate, 


thopedic conditions. 


buttress plate, depending on how it is applied to the bone 


Bone plates specifically designed for use in small animals 


or 


(Fig* 33-64). A bone plate serves as a compression plate when 


(e.g., veterinary cuttable plate, canine acetabular plate, ca- 


compression is applied to the fracture line through proper 


advantageous for specific in- 


nine distal radial plate) are 


application of the plate and screws, A DCP may only func- 


juries. Veterinary cuttable plates (VCPs) are available in two 


tion as a compression plate if the fracture line is transverse 


izes, designated by the size screw that the plate hole will ac- 


short oblique (no greater than 4a degrees). 11 the fracture 


cept. The 2*0/2.7 VCP can be used with either a 2.0-mm or 


or 


greater than 45 degrees or is comminuted, the plate 


2,7-mm cortical screw, wherease the t .5/2*0 VCP can be used 


B 


•i 


is 


cannot be used to compress the fracture lines. A neutraltza - 


with either a 2,0-mm or a 1.5-mm cortical screw'. The VCP is 


tion plate neutralizes physiologic forces acting on a section of 


popular because it is available in varying lengths up to 50 
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FIG 33*65 

To place a plate screw, drill the thread hole, then A, measure the screw length; B, tap 
threads in the near (cis) cortex and far (frans) cortex; and C ( insert the screw. 






bone that has been anatomically reconstructed and stabi¬ 
lized with screws and wire. Indications for a neutralization 
plate include reducible comminuted fractures and oblique 
fractures in which the fracture line exceeds 45 degrees. A 
buttress plate bridges a fragmented section of bone or holds 
a collapsed epiphysis in position. The most frequent applica¬ 
tion of a buttress plate is with fragmented diaphyseal frac¬ 
tures in which surgical reduction and stabilization of the 
bone fragments are not technically feasible (i.e., 
dudble fractures). 

The plate size (2.0, 2,7, 3*5, or 4.5) needed varies depend¬ 
ing on patient weight and bone dimensions* AS1F/AO has 
developed charts that can be used to select a suitable plate 
relative to body weight* The plate length should be sufficient 
to prevent premature loosening of plate screws and subse¬ 
quent loosening of the plate from the bone surface* The 
minimum length of plate should allow' purchase of six cor¬ 
tices (three screws If both cortices are purchased by each 
screw) in the main bone fragment above the fracture and six 
cortices in the main fragment below the fracture* This num¬ 
ber of screws will ensure adequate distribution of stress 
among the plate screws* However, the minimum of six cor¬ 
tices on each side of the fracture is often exceeded to ensure 
that the plate spans the diaphyseal length. 

The surface on which the plate is located influences the 
degree of stability obtained. In general, all long bones 
subject to bending forces because physiologic toads 
plied eccentrically to the bone center. When a bone is subject 
to this type of loading, a bend will occur that causes 
pression on the concave surface of the bone and tension on 
the convex surface. This tension must be prevented because 
it will cause a fracture line to pull apart. This is accomplished 
bv laying the plate on the tension surface and thereby allow¬ 
ing the plate to absorb the tensile stress that would separate 
the fracture. 

Application 

Screws. A precise order of maneuvers is followed when 
inserting a plate screw, position screw, or lag screw. 


nonre- 










FJG 33-66 

To apply a L compression plate, prestress the plate 

by slightly overbending it at the Fracture site during 
contouring. This creates a l-rmm to 2-mm gap between the 
plate and bone over the fracture. Secure 
plate to the bone. Use the eccentric drill guide to locate a 
screw eccentrically through a plate hole over the unattached 
segment of bone. Securing the screw causes compression of 
the fracture line, as does prestressing the plate. The 
remaining plate holes are filled with neutrally placed 


end of the 


one 


are 


screws. 


are ap- 


com- 


When inserting a plate screw in the diaphysis, drill a thread 
hole through the near 

33-65). Use the neutral drill guide to place th 
center of the plate hole. Use the load or 
with the arrow pointed toward the fracture line to place the 
screw eccentrically initially and 

fracture line when the screw is tightened (Fig.33-66). To ir 
a plate screw ; use a drill bit that corresponds to 

the Inner core diameter (shaftj of the screw (2.5 mm} and 
tap that corresponds to the outer thread diameter of the 


(cis) and for (trans) cortices (Fig. 


e screw in 


eccentric drill guide 


compression at the 


cause 


m- 


a 
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Or t h oped i cs 


screw (3.5 mm). Determine the length of screw needed with 
the depth gauge placed through the plate hole and cut 
threads into the near and far cortices with 
33-65). Use a tap sleeve when cutting threads to maintain 
axial alignment relative to the thread hole and to prevent soft 
tissue from winding around the tap threads. Remove the tap / 
and flush the hole with sterile saline to eliminate bone debris 
and lubricate the hole . Insert a cortical screw and use fingers 
only on 

epiphyseal bone , use a cancellous bone screw 
screw and place in a similar manner 


A lag screw functions to compress a fracture line between 
two bony fragments. It may be inserted through a plate hole 
or directly into bone, independent of the hone plate* The op¬ 
timal position of a lag screw is perpendicular to the fracture 
Hne* On shorter oblic|ue fractures i he lag sc rew is positioned 
to bisect the angle formed between a line perpendicular to 
the fracture surface and one perpendicular to the long axis 
of the bone to avoid slipping of the fragments. The drill hole 
in the near cortex must be a glide hole (a 
etcr to the outside diameter or thread diameter of the screw), 
whereas the drill hole in the far cortex must be a thread 


fop (see Fig. 


a 


the screwdriver to tighten it. In spongy metaphyseal 


or 


FIG 33-67 


A, To insert a cortex screw with lag function, drill a glide hole in the near bone segment 
with a drill bit that has the diameter of the outside screw thread. Use the drill guide to 
protect soft tissues and align the drill bit. B, Place an insert sleeve through the glide hole 
until the far bone segment is engaged. Drill a thread hole with a drill bit the same diameter 
the core of the screw. The drill sleeve keeps the thread hole centered relative to the 
glide hole. C, Use a countersink to cut a bevel in the cortical bone at the entrance of the 
glide hole. This increases the contact area between the bone and screw and decreases the 
amount of the screw head exposed. This step is not needed if the lag screw is placed 
through a plate hole. D, Determine the length of screw to be inserted with a depth gauge. 
E, Use a tap to cut threads for the screw in the far bone segment. This step is unnecessary 
if self-tapping screws are used. F, Insert the screw and tighten it to create interfragmentary 


as 


compression. 
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(a hole equal in diameter to the inner core diameter or shaft 
of the sc re w j - 


cause the screw head rests against the bone plate, however, it 
is not necessary to countersink the near cortex. Fully 
threaded cancellous screws can also he inserted as lag screws, 
either through the plate or independent of the plate, by fol 
lowing the same procedures. The only difference in place 

ment is the instrumentation needed to match the screw size. 

Partially threaded cancellous bone screws can also be 
used as lag screws. In fact, because of ease of application, 
partially threaded cancellous bone screws are used more of¬ 
ten as lag screws than are fully threaded cancellous bone 

screws. 


To insert a lag screw, use a drill hit that corresponds to the 
outer diameter of the screw to create a glide hole through 
which the screw will pass without purchasing bone (Fig. 
33*67), When creating the glide hole, drill the bone using a 
drill guide to maintain alignment and protect soft tissues. In¬ 
sert a drill sleeve into the glide hole in preparation for 
aftng the thread hole in the far cortex (the drill sleeve insert 
centers the thread hole in the far cortex relative to the glide 
hole, which prevents stripping the thread hole 
sertion). After the glide hole and thread hole ore made,, use 
a countersink to prepare a site for the screw head in the cor¬ 
tex, and use a depth gauge to determine the appropriate- 
length screw to use. Tap the thread hole through a tap sleeve 
to maintain alignment and protect soft tissues. Insert the 
appropriate length screw and tighten it with the fingers only 
on the screwdriver. 




ere* 


•I 


on screw tn- 


Wjth partially threaded screws , drill the near and far cor¬ 
tices as thread holes (Fig. 33-68). Use a depth gauge to de¬ 
termine the appropriate length screw, and tap both cortices 

before inserting the screw. 


i 


Because the screw is only partially threaded, there are no 
threads to engage the bone on the near side of the fracture, 
and bone is purchased only in the far cortex. As the screw 
head contacts bone and the screw is tightened, compression 
is achieved. It is critical that the smooth shaft of the screw 
crosses the fracture line; if threads are present at the fracture 
1 i n e, co m p ression can not be a ch ie ved. 

Either a cortical screw or a fully threaded cancellous 
screw can function as a position screw, A position screw is 


The threads of the screw will glide through the hole in the 
near cortex (glide hole) and purchase the bone in the far cor¬ 
tex (thread hole). As the screw is tightened, the screw head 
contacts the near cortex. As the threads purchase the far cor¬ 
tex, the fracture line is compressed. A lag screw can be placed 
through a plate hole by following the same procedure. He 
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FIG 38-68 


A, To insert a partially threaded cancellous bone screw, drill the near and far cortices as 
threaded holes. B, Measure the depth of the hole. C, Tap the holes. D, Insert the screw to 
compress the fracture. For compression to occur, the threads must not be present at the 
fracture line. Note that the screw threads have crossed the Fracture line and that the smooth 
shaft of the screw lies within the fracture plane. 
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Neutralization plates. First , reduce and stabilize the 
fracture with a series of lag screws, multiple cerclage wires r 
combination of both. Because the screws and wires are 
not sufficiently strong to resist physiologic forces generated 
by weight bearing , use a bone plate to bridge the area and 
to neutralize forces that would act to collapse the fracture. As 
with a compress ion plate , apply a neutralization plate to the 
tension surface of the bone , but contour it to the anatomic 
s urface of th e tone . Sepa ration of the fracture line beneath 
the plate will not occur because the fracture lines have ah 
ready been compressed with lag screws or cerclage wire. 


used to hold two bone fragments in anatomic alignment 
when compression would cause one fragment to collapse 
into the marrow cavity. 

Hold the fragments in position with bone-holding forceps, and 
drill a thread hole through the cortex of each fragment with a 
drill bit corresponding the inner core diameter (shaft) of the 
screw. Use a depth gauge to determine the appropriate- 
length screw, and cut threads in both cortices with the ap¬ 
propriate tap . Insert the screw / using bone-holding forceps to 
hold the fragments in position and prevent distraction at the 
fracture line . Gently tighten the screws ("finger tight") until 
the screw head rests adjacent to the near cortex for bone 

plate). 

The screw holds the fragments in position while the 
hone-holding forceps is removed. 

Plates 

Compression plates. it is important to contour the 
plate properly relative to the bone surface. 

7b apply a plate as a compression plate f contour it so that 
the plate remains slightly offset (1 to 2 mm) from the surface 
of the bone at the fracture line (see Fig 33-66 ) . 


or 


The recommended number of cortices (six) engaged on 
each side of the fracture is the same as for a compression 
plate. With a neutralization plate, however, insert all screws 
in the neutral position, beginning from the end of the plate 
and working toward the center. If a plate screw cannot be in¬ 
serted because it lies over a fracture line, leave the hole 
empty, 

if the plate hole lies over a lag screw placed through the 
bone f leave the hole empty ■ or insert a screw that purchases 
only the near cortex. 

Buttress plates w Apply a buttress plate to the tension 
surface of the bone and contour it to the anatomic shape of 
the bone. Use a radiograph of the intact bone of the oppo¬ 
site leg as a template to help contour the plate if the affected 
bone is severe// comminuted . 


If the plate is contoured to conform accurately to the 
bone surface, asymmetric loading of the fracture line will 
occur. This occurs because the compression generated 
through the plate is applied to the bone eccentrically (it is 
greatest on the surface on which the plate rests). The net re¬ 
sult is compression of the fracture line beneath the plate and 
widening of the fracture near the far cortex. Because a gap 
exists in the far cortex, the plate supports all the applied 
loads without any significant contribution from the bony 
column. The gap in the far cortex is prevented through 
proper contouring of the bone plate relative to the bone sur¬ 
face. When the plate screws on each side of the fracture line 
are tightened, each main bone fragment is pulled up against 
the plate, compressing the far cortex. 

Insert the two plate screws 
both screws in a loaded position , and tighten them to 
achieve compression of the fracture tine . Similar compres- 

be achieved by placing the first two screws in any 
of the plate holes, insert subsequent plate screws in holes in 
alternating manner on either side of the fracture, work¬ 
ing toward the plate ends. Adequate compression of the 
fracture is generally achieved with loading of the first two 
s crews . 


All the applied loads will be carried by the plate and 
screws during the early postoperative period. This results in 
greater stress on the bone screws than with compression or 
neutralization plates, in which the applied loads are shared 
with the bone. 


Therefore , purchase a minimum of eight cortices rather than 
six . Similarly ■ use a stronger and sti ffer plate because it also 
will be subject to substantial loads until bone is deposited 
ithin the fracture gap to form a bony column * For optimal 
strength and stiffness, use o broad plate, lengthening plate , 
or stacked VCP rather than o standard plate. Alternately ; 
support the plate with ancillary, implants (IM pins or external 
skeletal fixators) that share the applied loads during the 
rly healing period. With a plate/ IM pin combination, in¬ 
sert an IM pin approximate// 50% the diameter of the mar- 

cavity, being careful to maintain the rotational align- 


w 


nearest the fracture first. Place 


ston can 


eci 


an 


row 

ment and axial length of the bone . Contour a plate of 
appropriate length and apply if to the tension surface of the 
bone. Insert the most proximal and distal plate screws so that 
they avoid the IM pin and engage both near and far cor¬ 
tices. insert the plate 
that they engage only the 

(Fig. 33-69). With 

nation , contour the plate and apply it to- the tension surface 
of the hone. Insert the translation pins proximal and distal 
to fae plate, and connect them with an external bar. 


screws near the center of the plate so 

near cortex (monocortical screws) 
pi ate/external skeletal fixator combi- 


NOTE * If you desire greater compression, place 
an additional screw an each side of the fracture in 
the loaded position (insert the remaining screws in a 
neutral position). 
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screws are removed, lift the plate from the bone surface at 
one end and extract it. 
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Stabilization of a comminuted fracture with 
combination. 
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Postoperative Care 

Bone plates and screws require minimal postoperative main¬ 
tenance. Postoperative analgesia should be provided (see 
p.824). General postoperative care for fracture management 
is provided in the section on individual long bones. Gener¬ 
ally, postoperative examinations should be done at 2 and 6 
weeks after and then every 4 to 6 weeks. The appropriate 
time to take postoperative radiographs to determine healing 
depends on the estimated time to bone union based on the 
patient fracture assessment. If plates are removed, removal 
should be delayed until at least 3 to 4 months after radi¬ 
ographic bone union* When bone plates are applied to long 
bane fractures in younger patients, they should be removed. 
Removal is also recommended when plates have been ap¬ 
plied in areas with limited soft tissue covering, such as the 
radius and tibia, because cold conduction may cause dis¬ 
comfort. Plate removal should be performed asepticaily with 
the patient under general anesthesia. 


frfe/se me skin overlying the plate screws. and bluntly dissect 
through soft tissues to the head of the screw. Once all plate 
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FIG 33*70 

Anatomic reconstruction of cortex is achieved by replacin 
holding them securely. Normal altgnmenl of the limb is ac 
joints, restoring normal bone length, and ensuring 


g all fracture fragments and 
:nieved by aligning adjacent 
rotation of the distal bone segment. 
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implants (e.g.> cerclage wire, lag screws, plates) is possible; (3) 
bone reconstruction allows bone and implants to share loads, 
which results in stronger fracture fixation; and (4) cancellous 
bone grafts can be used to enhance bone healing (see p* 893). 
Disadvantages of open reduction include increased surgical 
trauma to soft tissues and blood supply and greater opportu¬ 
nity to introduce bacterial contamination. The advantages and 
disadvantages of each method must be considered before 
lecting the reduction method* 


FRACTURE REDUCTION 


Reduction is the process of reconstructing fractured bones to 
their normal anatomic configuration and restoring normal 
limb alignment. Normal limb alignment is achieved by 
restoring normal limb length, maintaining spatial orientation 
of the limb, and restoring alignment of joints adjacent to 
fractured bones (Fig* 33-70). Fracture fragments do not au¬ 
tomatically need to be anatomically reconstructed during 
restoration of normal limb alignment After bones fracture, 
several natural processes increase fracture stability in prepa¬ 
ration for healing. In response to injury, muscles that attach 
to proximal and distal bone ends and that span fractures con¬ 
tract, This contraction causes fractured diaphyseal segments 
to override each other, resulting in a shorter lever arm action 
on the fracture site and increased stability. Fractured limbs 
are painful, and animals tend to minimize using them, which 
favors fracture stability. Techniques used to reduce fractures 
or align limbs must overcome these physiologic processes* 
The initial decision when planning fracture treatment is to 

determine whether to use closed or open reduction (Table 33- 
16)* Qosed reduction refers to reducing fractures or 
limbs without surgically exposing fractured bones. Advantages 
oi dosed reduction include (1) preserv ation of soft tissues and 
blood supply which speeds healing; (2) decreased risk of in¬ 
fection; and (3) reduced operating time. The main disadvan¬ 
tage of closed reduction is the difficulty of gaining accurate 
fracture reduction without visualizing fracture segments and 
fragments. Open reduction refers to using a surgical approach 

to expose fractured hone segments and fragments so that they 
can he anatomically reconstructed and held in position with 
implants. Advantages of open reduction include the following: 
(1) visualization and direct contact with bone fragments facil¬ 
itates anatomic fracture reconstruction; (2) direct p]acement of 


se- 


CLOSED REDUCTION 


Fractures that are appropriately treated with closed reduction 
include greenstick and nondisplaeed fractures of bones distal 
to the elbow and stifle* These fractures may be managed with 
limb realignment and fracture immobilization with casts or 
external fixators (see pp, 859 and 861), Simple, easily palpable, 
femoral or humeral fractures in young animals can be treated 
with closed reduction and IM pin placement (i.e., introduc- 

IM pin normograde through the proximal segment, 
closed reduction, and seating of the IM pin into the distal seg¬ 
ment), Severely comminuted fractures {particularly tibial and 
radial fractures) that are difficult or impossible to reconstruct 
anatomically are also appropriately treated with closed reduc¬ 
tion, limb alignment, and rigid stabilization with external fix¬ 
ators (see Table 33-16), When closed reduction is used, 
anatomic fracture reconstruction is seldom possible. Instead, 
goals for closed reduction are to restore bone length and limb 
alignment. Attention must focus on eliminating rotation and 
angular deformity of distal segments* 7 rue lateral and cranio- 
caudal radiographic projections of proximal and distal joints 
allow the postoperative radiographs to be scrutinized to de¬ 
termine if joint surfaces above and below fractured bones are 
parallel to each other and tn correct rotational alignment. 




OPEN REDUCTION 


can be anatomi 


Fractures 

simple displaced fractures, those with large fragments, and 
long oblique fracture lines classified as reducible fractures) 
or those that are displaced and involve joint surfaces are ap¬ 
propriately managed with open reduction. Bone columns 
and articular surfaces are restored and stabilized (see Fig. 


reconstructed (i.e 


M\ TABLE 33-16 


n 


Indications for Open or Closed Reduction 


1 


A 


Open reduction 

* Articular fractures 

* Simple fractures that can be anatomically reconstructed 

* Comminuted non-reducible diaphyseal fractures of long 
bones—open but don't touch 

Closed reduction 

* Greenstick/nondisplaeed fractures of long bones below 
the elbow and stifle 

* Simple fractures for closed pinning 

* Comminuted non-reducible diophyseal fractures of long 
bones 


1 


B 


FIG 33-71 


A, Deflection of a single fracture line causes displacement of 

in high strain at the fracture line. 

B, Deflection of multiple fracture lines allows the same 
amount of displacement to be distributed between fragments, 

in lower strain at each fracture line. 
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resulting 
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fracture reduction (see Tables 33-2 to 33-6). Balanced anes¬ 
thesia techniques provide even greater muscle relaxation. 
Epidural anesthesia (with lidocaine or 
Chapter 12 and Table 33-5) in combination with general 
anesthesia provides profound relaxation of rear limb 
cles, easing fracture reduction of the pelvis, femur, and tibia. 
The duration of action depends on the drug used but is usu¬ 
ally 1 to 2 hours. Morphine can be added to the epidural in¬ 
jection, providing postoperative pain relief for up to 20 
hours. See p. 824 for additional information regarding anes¬ 
thetic techniques for fracture patients. 


33-70), Surgical approaches for exposing bones for fracture 
repair are found in subsequent chapters pertaining to indi¬ 
vidual bones. General principles are to (1) follow normal 
separations between muscles, (2) obtain adequate exposure 
of fractured bones, (3) handle soft tissues gently and pre¬ 
serve soft tissue attachments to bone fragments, and (4) 
avoid trauma to major nerves and vessels. 

Biologic environment at fracture sites plays an important 
role in modulating fracture healing. Surgical techniques and 
implants that compromise surrounding soft tissues and in¬ 
terfere with vasculature to injured bone delay bone union. 
Realignment of joint surfaces rather than anatomic fracture 
reconstruction, minimal to no soft tissue dissection, and op¬ 
timal stability that results in moderate strain levels and bone 
formation are hallmarks of biologically oriented techniques 
biologic fracture fixation. Concepts developed by Perron 
and others (e.g., it is better to trade some stability to achieve 
optima] biologic response; single fractures concentrate tissue 
strain, but multiple fractures distribute and thus reduce tis¬ 
sue strain) have been validated by the clinical success of this 
approach (Fig, 33-71). Because the animals own bone rather 
than a cortical allograft is used, biologic fracture repair is 
preferred for treatment of severely comminuted middiaphy- 
seal fractures, especially open fractures. 

An import an t go al of b i olo gic fraetu re fix atio n of c om - 
minuted fractures is to cause minimal disruption of soft tis- 
. Radial and tibia! fractures can be treated with dosed 


ivacame; see 


SURGICAL TECHNIQUES 


The major difficulty in achieving reduction is counteracting 
the muscle contraction that has caused bone segments to 
override. Slow, manual distraction of segments using bone- 
holding forceps will eventually fatigue muscles and allow re¬ 
duction, Transverse fractures can be reduced by applying trac¬ 
tion, countertraction, and bending forces. The bone ends 
should be lifted from the incision and brought into contact. 
Force is slowly applied to replace the bones in a normal posi¬ 
tion (Fig, 33-72), A lever can also be used to reduce transverse 
fractures (Fig, 33-73). Long oblique fractures can be difficult 
to reduce because the fracture line configuration makes bend¬ 
ing or levering techniques difficult, and overriding may occur 
even after reduction. Two self-retaining reduction forceps can 
be used to force distraction of segments slowly until reduction 
is achieved (Fig. 33-74). Rough handling of bone with any of 
these techniques can cause additional fragmentation. The 
bone should be inspected for fissure fracture lines. Weak bone 
segments should be supported by cerclage wires before at¬ 
tempting reduction (Fig. 33-75). Fractures with more than 
two pieces that can be completely reconstructed are first 
treated by securing loose fragments to one segment with lag 
screws or cerclage wire. The two-piece fracture is then care¬ 
fully distracted and aligned for definitive fixation (Fig. 33-76). 


or 


sues 

reduction and external fixators (see p, 867); however, com¬ 
minuted femoral or humeral fractures are more difficult to 


reduce, and external fixators are less suitable for these bones. 
When internal implants are chosen as the fixation method, 
open but do 

approach exposes major bone segments, the bone is dis¬ 
tracted to length, and a precontoured buttress plate (see p. 
886) is applied. The fracture fragments are not disturbed. 
The same criteria used to evaluate successful closed reduc¬ 
tion of fractures are used after biologic fracture fixation. 


not touch” philosophy is used. A standard 


an 


ANESTHESIA 


Maintenance on inhalant anesthesia is preferred over barbi¬ 
turate anesthesia to obtain adequate muscle relaxation for 


FIG 33*73 

To reduce overriding bone segments of a transverse fracture 
carefully place a lever (small periosteal elevator or scalpel 
blade handle) between the overriding bone segments. Use 

pply pressure gently and help distract and 

reduce the bone segments. 


FIG 33*72 

To reduce a transverse Fracture, lift the bone segments from 
surrounding soft tissues until the fracture surfaces are 
apposed. While maintaining contact, slowly replace the 
segments into a normal position. 


ever 
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FIG 33-75 


fractures are present. 






FIG 33*74 

A, Manually return the bone segments of 


long oblique 


a 


B 


at an angle to the 


s 


t 


fracture line. C, As the 


poi 


closed, the bone ends are distracted. The 


pointed reduction 


forceps should be manipulated to aid reduction and 
perpendicular to the fracture line. Multiple attempts m 
necessary before reduction is achieved and held with 


FIG 33-76 




Anatomic reconstruction of a fracture with a large butterfly 

fragment is achieved by first reducing the fragment and 
securing it to one segment of bone. This creates a two-p 
fracture to be reduced and stabilized. 
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FIG 33*77 

When using 

perpendicular to the long bone. Engage the distractor by 


fracture distractor, attach the device to pins placed 


a 


distracting the distal 












FIG 33-78 


When using an IM pin to distract fractures 




bone-holding forceps, and 
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use an 
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FIG 33-79 

Suspending the fractured limb from the ceiling allows 
the animals weight to aid in fracture distraction. 


Sugg ested reading 

Aron DN> Johnson AL, Palmer R: Biologic strategies and a balanced 
concept for repair of highly comminuted long bone fractures, 
Cotnpend Com Educ Pract Ve* 17:35,1995, 

Piermattei DL, Flo GL: Handbook of small animal orthopedics and 
fractu re trea tmen t t Phil add p h ia, 1997, WB S a u nders, 


Fracture detractors are instruments that can be attached 
to the proximal and distal metaphyses of fractured bones 

to intact bones adjacent to the fracture by means of fixation 
pins. The detractor facilitates fragment distraction, and its 
offset position allows access to fractures tor fragment 
Mruction and plate application (Fig. 33-77), Distractors 

also be used during closed reduction and fracture stabiliza¬ 
tion with external fixation. The fracture distract or is at¬ 
tached to proximal and distal fixation pins and used to 
lengthen the bone before the rest of the fixator frame is 

constructed. 


or 


rec oil¬ 


can 


BONE GRAFTS 


Bone grafting, the technique of transplanting cancellous 
cortical bone, has been used in veterinary medicine for 
years. Bone grafts are named to indicate their structure and 
source. Autogenous cancellous bone grafting is a vital compo¬ 
nent of fracture management that helps fractures to heal be¬ 
fore implants loosen or fail. Allogeneic cancellous bone 
demineralized bone powder is available commercially and can 
be used to augment fracture repair. Cortical bone allografts 
also available commercially and are occasionally used to treat 
long bone fractures with severe cortical bone loss or to replace 
bone removed in limb-sparing techniques, Cordcocancellous 
grafts contain cortical and cancellous bone (e.g., rib 
wing): osteochondral grafts also contain articular cartilage 
(e.g,, proximal femur). Vascularized grafts are harvested with 
their blood supply and implanted using micro vascular anasto¬ 
motic techniques that preserve the bones blood supply. 

Bones transplanted from one site to another in the same 
animal are autografts. Such grafts are histocompatible with 


or 


IM pins can also be used to distract fractures. The pin 
driven normograde through the proximal bone segment to 
ihe fracture site. It is then centered into the distal segment 
md driven dis tally until it engages metaphyseal bone. The 
proximal segment is steadied with bone-holding forceps 

white the pin is advanced d 1st ally until appropriate distrac¬ 
tion is achieved (Fig. 33-78). 

The animals 


is 


many 


or 


are 


own weight can be used to advantage by 
suspending the fractured limb from a secure 

The animal is draped and the surgical procedure per- 
tormed with the limb suspended. Temporarily lowering 

the animal's weight to distract 
the fracture. This method can be used during both closed 
and open reduction of fractures. When the fracture is 


ceiling bolt. 


or ilia! 


the operating table 


secured in the appropriate position, the operating table 

is raised to remove the traction force from the limb (Fig, 
33-79). 
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healing. Cancellous autografts are highly cellular but me¬ 
chanically weak. Therefore they provide superior os¬ 
teogenic, osteoinductive, and osteoconductive capabilities 
but do not provide substantial fracture support In contrast, 
cortical alloimplants provide excellent mechanical support 

are osteo conductive but usually are acellular and stim¬ 
ulate little osteogenic response. Allogeneic demineralized 
bone matrix is revascularized quickly and is moderately os¬ 
teoinductive but provides no structural support. Allogeneic 
cancellous hone grafts provide limited mechanical support 
and are osteoconductive but not osteoinductive because the 

matrix is mineralized. 

The surgeon must make appropriate decisions to match 
the properties of the graft with the deficiencies anticipated 
in fracture healing. In general, autogenous cancellous bone 
grafts are most often used because of ease of harvest, avail¬ 
ability, and osteogenic properties. Autogenous cancellous 

bone grafts are recommended when rapid bone formation is 
desired, to assist healing when optimal healing is not antici- 

cortical defects after fracture repair, adult and 
elderly animals with fractures, delayed unions, nonunions, 


host immune systems and will not initiate rejection 
spouses. Bones transplanted from one animal to another of 
the same species are allografts. Cellular antigens of these 
grafts maybe recognized as foreign by host immune systems, 
resulting in graft rejection. Alloimplants are bone treated by 
freezing, freeze-drying, autoclaving, chemical preservation, 
or irradiation so that they are devoid of cellular activity. Al¬ 
lografts reinforced with cancellous autografts are composite 
grafts. Bones transplanted from one animal to another of a 
different species are xenografts. Bone substitutes of trical¬ 
cium phosphate ceramics are available as extenders for 

cellous bone grafts. 

Bone grafts can be sources of osteo progenitor cells (os¬ 
teogenesis), either providing cells directly or Inducing 
formation of osteoprogenitor cells from surrounding tis¬ 
sues (osteoinduction). Bone grafts provide varying degrees 
of mechanical support, ranging from forming space- 
occupying trellises for host bone invasion (osteoconduction) 
to supplying weight-bearing struts within fractures. The 
type of bone graft chosen to augment fracture repair is de¬ 
termined by the function required to optimize fracture 
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FIG 33-80 

A To obtain cancellous bone from the humerus, make a 
cortex. B, Use o bone curette to harvest cancellous bone. C r Place the bone into a stainless 
steel cup with whole blood For short-term storage. D, Loosely pack the cancellous bone in 

or along fracture lines. 
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is distal to the physis in the immature animal A round hole 
is made through the cortex to minimize formation of a stress 
riser, which could contribute to fracture through the cortical 
defect. After penetrating bone cortex , insert a bone curette 
and harvest cancellous bone (Fig. 33 80, B). Place the 

ceilous hone directly into the recipient bed[ or store it in a 
blood-soaked sponge or stainless steel cup (Fig, 33-80 
C and Df Add blood to the graft if it is placed in a cup to 
keep if moist * 


osteotomies, joint arthrodesis, cystic defects) or to promote 
bone formation in infected fractures. 


CANCELLOUS BONE AUTOGRAFTS 


Cancellous bone may be harvested from any long bone 
metaphysis; however, the proximal humerus, proximal 
tibia, and dial wing are most often used because they are 
accessible and contain large amounts of cancellous bone. 
The graft is usually harvested after fracture stabilization; 
however, it may be harvested before the primary orthope¬ 
dic procedure if the donor site could be contaminated with 
tumor cells or if infection is present at the recipient site. Al¬ 
ternately, a separate surgical team and instrumentation 
ay be used to harvest the graft. The graft site is selected 
because of accessibility when the animal is positioned for 
fracture repair. 




The blood will dot and form a moldable composite with 
the graft, which facilitates handling. 

Secure stored grafts 
vertent disposal Flush the fracture site, and loosely pack all 
defects and fracture lines with graft material Try to fill the 
defect as much os possible for optimal osteogenesis. Close 
subcutaneous tissues around the graft to hold them in posi¬ 
tion, Close subcutaneous tissues and skin of the graft site 

ro u ti n ely 

Proximal Tibia 

Adote a craniomedial skin incision over the medial surface of 
the proximal tibia. After incising subcutaneous tissues, har 
vest cancellous bone as described above, 


the instrument table to avoid inad 


II 


Proximal Humerus 

Prepore the graft site for aseptic surgery. Perform a cranio- 
lateral approach to the proximo/ humerus by inching 
A rough sJcm and subcutaneous tissues . Retract the acromial 
head of the deltoid muscle caudatly ■ and expose the flat as 
pect of the croniola te ral metaphysi '$, j us t di s to I to the greater 
luberde. Adaie a round hole in the bone cortex , using an IM 

pin or drill bit (Fig.. 33-80, A). Ensure that the hole location 
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FIG 33-81 

To obtain cancellous bone from the wina of the ilium 
from the dorsocrantal ilial wing. Use a 
rongeurs to fragment the osteotomlzed wedge of corticocancellous bone 


use an osteotome to remove a wedge 
one curette to harvest cancellous bone* Use 
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FIG 33-82 




Stages of cancellous bone incorporation into a healing fracture. A, Graft placement. 

B, Vascularization of the graft, C, Osteoinduction, D, Osteoconduction. E, Remodeling, 












flial Wing 

Make a skin incision over the craniodorsal iliac spine. Incise 
subcutaneous tissues and expose the dorsal surface of the il 
ial wing . Elevate gluteal musculature from the lateral sur 
and harvest cancellous bone as described above. Alter¬ 
nately, obtain a corticocancellous graft by using an os¬ 
teotome to remove o cortical wedge from the i I ial wing. Mac¬ 
erate the wedge with rongeurs [Fig. 33-81} and place it into 

the recipient site , 


2 weeks (Fig. 33-82, A and B). Transplanted osteogenic cells 
or undifferentiated mesenchymal cells become active os¬ 
teoblasts, secreting osteoid on transplanted trabecular bone 
(Fig. 33-82, C). This osteoid is mineralized and forms new 
host bone in fracture sites (Fig. 33-82, D). This new bone also 
incorporates the graft into host bone. Eventually the necrotic 
cores of trabecular bone are resorbed by osteoclasts, and 
grafts are totally replaced by host bone. Trabecular new bone 
is remodeled into cortical bone in response to the mechanic I 
cal environment (Fig. 33-82, E}> This healing response can be j 
monitored radiographically by observing filling of the defect I 
with cancellous bone, followed by cortical reconstruction. I 
The donor site is initially filled with hematoma, which is later | 
replaced with fibrous connective tissue. Osteoblasts migrate I 
to the area and deposit osteoid. Mineralization occurs, and I 
new trabecular bone is formed within defects. This process I 
takes approximately 12 weeks; additional cancellous bone I 
should not be harvested from the same area before this time. I 
Few complications are associated with autogenous can- I 
odious bone grafting techniques. Donor site pain is seldom 




An acetabular reamer can be used to harvest cortieocan- 
cellous graft from the lateral aspect of the wing of the ilium, 
resulting in an increased quantity of graft material. However, 
experimental evaluation has shown that incorporation of 
the corticocancellous graft harvested with an acetabular 
reamer is inferior to incorporation of a cancellous graft har¬ 
vested from the proximal humerus with a bone curette 
(Stallings et al, 1997). 

Revascularization of cancellous bone autografts begins as 
early as 2 days after grafting and is usually completed within 
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clinically evident, Seroma formation or wound dehiscence 
may occur at donor sites. Infection or seeding of tumor to 
donor sites occurs rarely and can be prevented by proper se¬ 
quencing of bone graft harvesting. Fractures through the 
donor site have been reported infrequently. Complications 
at the recipient site (e.g., failure of grafts to stimulate bone 
formation) are difficult to recognize* 


BONE MARROW OSTEOGENESIS 


Bone marrow is a source of osteoprogenitor cells. Autolo¬ 
gous bone marrow can be aspirated and injected into a de¬ 
layed union or nonunion site to stimulate bone production* 
However, the ability of marrow osteoprogenitor cells to 
stimulate bone formation varies from individual to individ¬ 
ual and between species* Marro w osteoprogenitor cells com¬ 
bined with demineralized bone matrix was as effective in 
stimulating bone formation in a canine 
nonunion as open autologous cancellous bone grafting 

(Tiedeman et al, 1991 }* 


model of a gap 


CANCELLOUS BONE ALLOGRAFTS 


Cancellous bone allografts are commercially available as 
frozen chips or chips mixed with demineralized bone pow¬ 
der Advantages to using prepared allografts are reduced op¬ 
erating time, availability of graft, and elimination of mor¬ 
bidity at a donor site. Disadvantages are the cost of the 
grafts and the lack of osteogenic properties in the cancel- 
bus bone chips* Allogeneic bone graft can be mi 
tend cancellous autograft to fill large defects or can be 
mixed with autologous marrow to increase the osteogenic 
properties. 

The same stages of incorporation occur in cancellous allo¬ 
grafts as in cancellous autografts. Autogenous graft is superior 

in promoting rapid new bone formation, 
but no difference exists in long-term outcome. Clinically, allo¬ 
geneic graft has been used successfully in fracture repair. 


FIG 33-83 


To determine the proper length for the cortical allograft, 
measure the length of the normal bone from a lateral 
radiograph (x). Measure the length of the intact proximal 
and distal segments of the fractured bone from a lateral 
radiograph [y and zj. Use the formula 
determine graft length. 


(y + *) 'o 


ex- 


Eufhanize the donor animal and prepare the femur, tibia , 
and/or humerus for aseptic surgery. Make surgical ap¬ 
proaches to the bone diaphyses, elevate soft tissues, and iso¬ 
late the bones * Use an oscillating bone saw to resect the di¬ 
aphyses, then clean the marrow canals and flush them with 
saline. Immediately transplant the bones into the fracture 

store them for future use . To bank bones, double- 
package them in presterilized containers filled with saline, 
and store at O'" C for up to 6 to 12 months. Radiograph them 
so that a record of bone sizes is available in the bank. Be¬ 
fore use, culture one of the harvested bones to check sterility 
of the harvesting technique , Alternately, cleanly harvest cor¬ 
tical bones and double-wrap them in semi permeable pack- 
agin g mate rial . S te nlize th em with ethylene ox ide After s ter - 
ilization, aerate the bones to eliminate toxic residues, and 
store at O ' C for up to 6 to 12 months. 


to allogerieic graft 


CORTICAL BONE AUTOGRAFTS 


Cortical autografts are harvested from areas where cortical 
hone can be removed without adversely affecting function 
(i.e., ribs, ilial wing, distal ulna, and fibula). The most com¬ 
mon use of a cortical autograft is transplantation of a rib to 
form o segmental strut for mandibular fractures. Cortical 
autograft harvest is done during fracture repair, and the graft 
is incorporated into the fracture site as a segmental graft 
iplaced between fracture segments) or as a sliding onlay graft 
iplaced over the fracture site). Cortical autografts are usually 
held in place with the same implant used to stabilize the 

fracture. 


With the advent of biologic fracture repair techniques 
(see p* 890) that incorporate fragments in comminuted 
fractures, cortical bone allografts are now used more often 
for limb-sparing procedures than for fracture repair. The 
principles of using cortical bone allografts are similar, re¬ 
gardless of their intended purpose* Plate and screw fixation 
is needed to ensure stability of host-graft interfaces lor pro¬ 
longed periods while fractures heal and grafts remodel. 
Therefore adequate host bone must be present to allow 
placement of three bone screws proximal and distal to 


CORTICAL BONE ALLOGRAFTS 


Cortical bone can be harvested and transplanted immedi¬ 
ately as a fresh allograft, or it can be harvested and banked to 
provide a ready source of cortical ailoimplants. Harvesting 
must be done under aseptic conditions unless the bone is 
sterilized after collection. Frozen cortical allografts are also 
available commercially. 
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FIG 33-84 


To stabilize a cortical bone allograft, cut the bone segments perpendicular to the long axis 
of the bone and remove the fragments. Secure the graft to a precontoured plate. Reduce 
the graft plate segment into the fracture, and compress the host-graft interfaces by loading 
the screws above and below the interfaces. Add cancellous bane autograft around the 








host-graft interfaces. 








FIG 33-85 


Incorporation of cortical allografts or alloimplants into healing fracture. A, Host-graft 
interface is stabilized. B, Host-graft interface is filled with fibrous bone while bone 
remodeling units become active. C, The graft is vascularized, and portions of graft resorb 
and are replaced with host bone. 


Adherence to aseptic technique is essential for successful 
cortical allograft use. 

Prepare the affected limb and cancellous bone autograft site 

for aseptic surgery. Approach the fracture , remove frag¬ 
ments, and resect bone segments proxi molly and distally to 
uninjured bone , Use on oscillating bone saw to cut the bones 


grafts. Radiographs of the contralateral matching bone are 
used to determine graft size and length and to serve as a 
model for precontouring plates. The required graft length is 
determined by measuring the lengths of intact segments of 
fractured bone on a lateral radiograph and subtracting this 
measurement from the length of the contralateral bone 

(hig. 33-83), 
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perpendicular to their long axes. Cut the graft to an appro¬ 
priate length in a similar manner fre,, perpendicular to its 
long axis) to allow 360- deg 
hone. Determine th 
tied bone screws 


the proximal humerus in dogs, Ve s Comp Orth op Fraunuttol 
10:79, 1997. 

Tiedeman II, Connolly JF, Strates BS, Lippiello L: Treatment of 
nonunion by percutaneous injection of bone marrow and dem¬ 
ineralized bone matrix, Clin Orthop 268:294, J 991. 

Suggested reading _ 

Connolly [F; Clinical use of marrow osteoprogenitor cells to stim¬ 
ulate osteogenesis, Clin Orthop 3555:257, 1998. 

Fitch R, Kerwin S, Newman-Gage H, Sinibaldi KR: Bone autografts 
and allografts in dogs, Compend Com Educ Pmct Vet i9:558, 


ree contact of graft and host 
appropriate number and length of cor- 
for the graft length, and secure the graft to 

the center of the precontoured plate. Place the graft-plate 
composite in the fracture gap f and reduce bone segments to 
plofe. Secure the plate to host bone segments using corti¬ 
cal tone screws. To achieve compression of host-graft inter¬ 
faces, inserf fhose screws that ore immediately proximal and 
distal to the graft into the host bone i 

serf the remaining screws in a neutral position (Fig. 33-84). 
fiush the rracture with sterile saline. Then harvest a cancellous 
tone autograft and place it at host-graft interfaces . Obtain 
samples for microbiologic culture , and close the skin and sub¬ 
cutaneous tissues routinely: Document allograft and metal im¬ 
plant positioning with postoperative radiograpl 


loaded manner : In 


in a 


Stevenson S: Enhancement of fracture healing with autogenous and 

allogeneic bone grafts, din Orthop 3555:239, 1998. 


Selected Abstracts of Recent Manuscripts 


Clary EM, Roe SC: In vitro biomechanical and histological 
assessment ot pilot hole diameter for positive profile 
ternai skeletal fixation 


is. 


ex- 


Fracture healing with cortical allografts or ailoimplants 
consists oi filling host-graft interfaces with bone, followed 

by graft vascularization, graft resorption, and graft replace¬ 
ment with host bone (Fig. 33 


pms in canine tibiae, Vet Surg 
25:453,1996. The effects of a pilot hole and seven different 

hole diameters on biomechanical and mkrostructural 
performance of positive-profile pins were examined. There 
was a beneficial effect of a pilot hole on acute thermal, bio¬ 
mechanical, and histologic parameters. Undersizmg the pilot 
hole resulted 


85). Host-graft interfaces heal 
within 1 to 3 months; however, graft remodeling takes 
months to years (depending on graft length) and may 

of remodeling can be monitored 
radiographically. Host-graft Interfaces initially fill 

cancellous bone. As resorption and remodeling proceed 

from host-graft interfaces toward the graft center, grafts 

change from cortical structures to porous, cancellous bone. 

Eventually the cancellous bone remodels into cortical bone. 

it is often difficult to determine when plate removal should 

on radiographic appearances because the 
amount ot graft that has been remodeled may be difficult to 
ascertain. Because premature plate removal may predispose 

grafts to fracture, plate removal should not be done until de¬ 
finitive radiographic eviden 

graft is noted. Generally, unless complications occur, plate 
removal is not recommended. 


never 


be completed. The process 


in maximal end-insertional torque and pull¬ 
out resistance but caused significant microstructural dam¬ 
age on pin insertion. An effective compromise is choosing a 
pilot hole diameter that approximates but does not exceed 
the inner diameter of the fixation pin. 


with the 


Dueland RT, Johnson KA, Roe SC, Engen MH, Lesser AS: 
Interlocking nail treatment of diaphyseal long-bone frac¬ 
tures in dogs, ; Am Vet Med Assoc 214:59,1999* Treated for 

femoral, tibial, and humeral diaphyseal fractures with inter¬ 
locking nails, 134 

ture healing and complications. Of fractures, 86% 

comminuted; 83% of dogs with sufficient follow 
unev 

these dogs. Complications requiring additional 
veloped in 21 dogs. The interlocking nail broke in nine dogs. 
The authors concluded that experience with the techniq 
and appropriate decision making for case and implant selec¬ 
tion improve the outcome. 

Dueland RT, Vanderby R, McCabe RP: Fatigue study of six 
and eight mm diameter interlocking nails with screw holes 
of variable size and number, Vet Comp Orthop Traumatol 
10:194, 1997. Fatigue failure of clinically applied interlock¬ 
ing nails prompted an evaluation of the effect of screw hole 

pattern, number, and size on 

and 8-mm interlocking nails. All nails failed at a screw hole. 

I he 6-mm nail with screw holes to accommodate a 3.5-mm 

screw had the least fatigue resistance. Reducing the 

hole size from accommodating a 3.5-mm screw to a 2.7-mm 

screw in the 6-mm nail increased the estimated fatigue life of 

the nail by 52 times. Reducing the screw holes from accom¬ 
modating 4.5-mm 

nail increased the estimated fatigue life by eight times. 


be done based 


dogs were reviewed for outcome of frac- 


were 


oi remodeling of the entire 


ce 


up healed 

. Limb function was excellent or good in most of 


Complications associated with cortical allografts include 
infection, graft rejection, failure of fracture 

fracture. Graft infection usually results from graft or fracture 
site contamination, coupled with instability. This results in a 
large, sequestered piece of foreign material that must be de¬ 
cided when fracture stabilization is performed. Cancellous 
bone autografts may be used to fill resultant fracture 
Signs of graft rejection (e.g., failure of graft and host bone to 

unite, graft resorption without replacement) are rarely noted 
dinically. Plate fracture 

JEid fixation of host-graft interfaces provide inadequate 

construction of the bone column. Grafts may also fracture 
after plate rem ova 1. 


su rgery 


repair, and graft 


ue 


gaps. 


may be observed when reduction 


fatigue strength of the 6-mm 


re- 


sc re w 


References 


Stallings JT et al: A comparison of a u to gen o 


us cortico-cancellous 
bone graft obtained from the wing of the ilium with an acetabu¬ 
lar reamer to autogenous cancellous bone graft obtained from 


screws to 3.5-mm screws in the 8-mm 
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don, indirect reduction, and bridging plate fixation used to 
treat 15 dogs with comminuted femoral fractures were com¬ 
pared with standard techniques of fragment reconstruction 
and bone plate fixation in 20 dogs with comminuted femoral 
fractures. The study populations were similar between 
groups. There were no differences in hospitalization times, 
femoral alignment, and complications between groups. 
Dogs with fractures treated with bridging plate fixation had 
shorter operative times and faster times to radiographic evi¬ 
dence of bone healing than dogs treated with fragment re¬ 
construction and bone plate application. 


Kraus KH, Wooton HM, Rand VVM: Mechanical compari¬ 
son of two external fixator damp designs. Vet Surg 27:224, 

1998, A newly designed external fixator damp was com¬ 
pared to the standard Kirs diner external fixator clamp for 
the ability to resist movement of the fixation pin in relation¬ 
ship to the connecting bar. The experimental damp was su¬ 
perior to the standard damp in resisting pin movement at all 
levels of tightening. At 7.8 Newton meters of tightening, no 
movement was detected. Additional improved design fea¬ 
tures of the experimental clamp allow easy clamp Installa¬ 
tion on the connecting bar, accommodation of instruments 
for predrilling and measuring pin depth, and placement of 
positive-profile pins at all damp sites, 

Hulse D, Hyman W, Nori M, Slater M: Reduction in plate 
strain by an addition of an intramedullary pin, Vet Surg 
26:451,1997, Adding an intramedullary pin equaling 50% of 
the medullary canal diameter to a plated femoral specimen 
with simulated fracture gap instrumented with two 350- 
o h m st ra i n gauges c a u sed a t wo f ol d re d u ct ion in t h e st ress i n 
the plate-rod system compared with the plate alone. Fatigue 
Life of the plate rod-system increased 10-fold over the plate 
alone. The combination of the plate and rod functioned as 
two beams acting in concert to reduce stress and extend fa¬ 
tigue life of the system, 

Johnson AL, Smith CW, Schaeffer DJ: Fragment recon¬ 
struction and bone plate fixation versus bridging plate fix¬ 
ation for treating highly comminuted femoral fractures in 

dogs: 35 cases (1987-1997), / Am Vet Med Assoc 213:1157, 
1998, Biologic techniques of minimal fragment manipula- 


Marcellin-Little DJ, Ferretti A, Roe SG> DeYoung DJ: 
Hinged Ilizarov external fixation for correction of ante¬ 
brachial deformities. Vet Surg 27:231, 1998. Seven dogs 

treated for eight angular limb deformities with radial 
osteotomy, hinged circular external fixator, and controlled 
distraction of the deformed limb. Preoperative planning 
was extensive, involving mathematical formulas to 
late amplitude and direction of the deformity, radial dis¬ 
traction rate, and angular motor adjustment. Deformity 
correction started 48 to 60 hours after surgery 
mostly performed by owners. Lengthening and angular 
correction ranged from 3 to 38 mm and 18 to 48 degrees. 
One dog had additional surgery because of wire breakage. 
Functional results were excellent in 4 dogs and good in 3 
dogs; cosmetic results were excellent in 2 dogs and good in 
5 dogs. The hinged circular fixator allowed precise correc¬ 
tion of complex antebrachial deformities with minima] tis¬ 
sue trauma. 


and was 
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CHAPTER 

Management of 
Specific Fractures 




molar and molar teeth occupy a substantial portion of this 
bone and are essential contributors to fracture stability. Pe¬ 
riodic evaluation of these teeth for evidence of infection or 
loosening is necessary postoperatively to determine whether 
irreversible damage requires endodontic therapy or extrac¬ 
tion. The anatomy and location of tooth roots must he con¬ 
sidered when implants are applied to the mandible. Damage 
to tooth roots from pins, 
cause sufficient damage that extraction becomes necessary 
after fracture healing. 

DIAGNOSIS 

Clinical Presentation 

Signal merit. Although traumatic mandibular or maxil¬ 
lary fractures may occur in dogs at any age, you fig dogs are 
at greater risk. Pathologic fractures of the mandible are par¬ 
ticularly common in geriatric, small-breed, and toy-breed 
dogs (e.g., poodles) that have not had regular dental pro- 
phylaxis and are fed soft food and table scra ps, 

History* There is usually a history of trauma (e.g,, hit by 
kicked by horse) in animals with traumatic oral frac¬ 
tures. Mandibular symphyseal fractures and fractures of the 
hard palate may occur in cats that fall from great heights 
(“high-rise syndrome”). Tooth extraction may be associated 
with pathologic fractures of dogs with severe periodontitis. 

Physical Examination Findings 

Animals with mandibular fractures may drool excessively, 
exhibit pain on opening of the mouth, and are often reluc¬ 
tant to eat. Saliva may be blood tinged, but profuse bleeding 
is uncommon. Crepitation and instability can often be pal¬ 
pated during careful oral examination; however, thorough 
inspection of these structures for mucosal wounds and 
crepitation often requires general anesthesia. Mandibular 
symphyseal fractures allow one hemimandible to be moved 
separately from the other. Less instability is usually present 
with maxillary fractures than mandibular fractures. The 
teeth should be examined carefully for evidence of trauma. 
Fractures associated with marked bony lysis or proliferation 
should be biopsied. 


MAXILLARY AND MANDIBULAR 

FRACTURES 


DEFINITIONS 


Maxillary fractures and mandibular fractures may result 
from trauma, severe periodontitis, or neoplasia. Periodonti¬ 
tis is an inflammatory reaction of the tissues surrounding a 
tooth that usually results from the extension of gingival in¬ 
flammation into the periodontium. 


drill bits, and screws may 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Maxillary and mandibular fractures are usually caused by 
head trauma, and concurrent injuries are often present, in¬ 
cluding upper airway obstruction, central nervous system 
trauma, pneumothorax, pulmonary contusions, and trau¬ 
matic myocarditis. These abnormalities may be acutely life 
threatening and may require prompt diagnosis and treat¬ 
ment, Definitive fracture repair must often be delayed un¬ 
til the animal has been appropriately stabilized. Mandibu¬ 
lar fractures occasionally occur as a result of bone loss 
associated with 


periodontitis. Teeth extraction 
should be performed with care in older patients with severe 
periodontitis to avoid this complication. With severe peri¬ 
odontitis, bone healing may be impaired. Diseased teeth 
must be extracted before fracture stabilization in these 


patients. Pathologic fractures may also result from 
mandibular neoplasia (see p. 297). Histopathologic exami- 

n atio n of b o n e fro m an i mal s w ith mandibular fractures is 
warranted, unless fractures clearly are caused by trauma. 
Mandibular fractures associated with neoplasia are treated 
by mandibuiectomy rather than definitive fracture repair 
(seep. 278), 

! he teeth occupy a large portion of the mandible and 
integral components of normal mandibular structure (Fig. 
M U, Teeth involved in fractures should not be removed un- 
less they are loose. This is especially important with fractures 
involving the caudal mandibular body because the large pre- 
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FIG 34-1 

Skull anatomy. Note that' the tooth roots occupy a large portion of the mandible. Normal 
relationships of the maxillary and mandibular dental arcades are illustrated. 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


to treat teeth frac- 


Use endodontic therapy 


NOTE • 

lured above the gumline; extract teeth that are frac¬ 
tured below the gumline. 


A tape muzzle may be applied to support the mandible it 
there is minimal displacement of fracture fragments {usually 
fractures of the ramus) and dental occlusion is adequate and 
if the fracture-assessment score is favorable and dictates 
early union. A muzzle can be made from two pieces of tape 
placed with the sticky sides together and fashioned into a cir¬ 
cle that fits over the dog's nose. A similarly made piece 
tape extends from the circle around the head and behind the 
ears (Fig. 34-2). The muzzle should allow the dog to open its 
mouth enough to lap water and eat gruel. To allow adequate 
healing) muzzles should remain in place 6 weeks. Dogs with 
mandibular plus maxillary fractures may not tolerate tape 
muzzles because the muzzle may pressure the maxillary frac¬ 
ture. Because of the cats short nose, tape muzzles are diffi¬ 
cult to apply and maintain. Similarly, it may be difficult to 
maintain a tape muzzle in brachycephalic breeds. 

Bonding the maxillary and mandibular canine teeth to¬ 
gether in anatomic alignment is an alternative to the tape 
muzzle for conservative fracture treatment. The canine teeth 
are cleaned, pumiced, acid etched, and aligned with dental 
composite, leaving the mouth open approximately I cm. Al¬ 
though simple, the technique requires that all four canine 
teeth be intact and healthy. 


Radiography 


Radiographs of the mandible and maxilla generally require 
that animals be anesthetized or heavily sedated. Thorough 
radiographic examination of the skull usually requires 
five radiographic views: dorsoventral, lateral, right oblique, 
left oblique, and intraoral. Because skull radiographs are of¬ 
ten difficult to interpret due to the presence of multiple 
overlying structures, comparison with a normal skull is 
often helpful. Symmetry between the two sides should be 
assessed. Computed tomography can help identify fractures 
in the caudal mandibular body, vertical ramus, and 
mandibular condyle that may be difficult to detect radi¬ 
ographically 


Laboratory Findings 

Specific laboratory abnormalities are not present with 
mandibular or maxillary fractures from any cause. Trauma¬ 
tized animals should have sufficient blood work done to de¬ 
termine if contraindications to anesthesia exist. 


¥ 


DIFFERENTIAL DIAGNOSIS 


NOTE * Warning: animals treated by limiting their 
ability fo open their mouths are at risk for hyperther¬ 
mia if placed in a warm environment and for aspi¬ 
ration pneumonia if vomiting occurs. 


Animals presenting with mandibular or maxillary fractures 
should be evaluated to determine whether fractures are the 
result of trauma or underlying pathology (periodontitis, 
neoplasia, or metabolic disease; see above). 
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can be manipulated should be used. Kirschncr wires are used 
to drill holes in the bone, 5 to 10 mm from the fracture line 
(Fig. 34-5, A). These holes are positioned so that the wire 
will be perpendicular to the fracture line when it is tight¬ 
ened, The drill holes are sloped toward the fracture line be¬ 
cause this results in obtuse angles on the bone side opposite 
to where the wire knot will be tightened. This positioning al¬ 
lows the wire to slide into position easily and enhances tight¬ 
ening efforts. Long segments of wire are used to facilitate 
wire passage and allow manipulation of any wire kinks away 
from the area of wire that is to be tightened. The wire is 
tightened using either a twist knot or a tension loop (see p. 
878). It is twisted in such a manner that equal tension is ap¬ 
plied to both strands (Fig. 34-5, B). A periosteal elevator 
large tissue forceps can be used to lever the orthopedic wire 
under the twist and eliminate slack (Fig. 34-5, Q, When 
tightened, the wire is bent perpendicular to the wire surface 
and away from the gingival margin. The wire is cut and the 
ends twised and bent into the bone surface {Fig* 34-5, D). 

Optimally, wires should be located near the oral margin 
to neutralize forces that tend to disrupt fractures. Because 
this margin also contains the teeth, care must be used to po¬ 
sition drill holes between teeth or tooth roots. When multi¬ 
ple wires are used, all holes should be drilled and wires posi¬ 
tioned before any wares are tightened* Wires are tightened 
beginning at the caudal fracture line and working toward the 
symphysis. If bending or 

oblique or transverse fractures, Kirschner wires with figure- 

eight-patterned orthopedic wire maybe used. The Kirschner 

wire helps prevent sliding or bending while the orthopedic 
wire is tightened. 


FIG 34-2 

Stabilization of minimally displaced mandibular fracture with 

•ape muzzle. Tope muzzles can also be used preopera lively 
fo support the mandible. 


or 


SURGICAL TREATMENT 


The appropriate method of treating mandibular and maxil¬ 
lary fractures is determined based on fracture-assessment 
score (see p. 853) and fracture location. Conservative treat¬ 
ment with a tape muzzle or dental composite bonding may 
be appropriate for some fractures (see above). Fixation 
terns applicable for mandibular fractures are orthopedic 
-dre plus Kirschner wires, plates and screw's, and external 
fixators (both standard and acrylic frames). Many maxillary 
fractures are nondisplaced and require only conservative 
therapy; however, segmental maxillary fractures or de¬ 
pressed fracture lines may require repositioning and stabi¬ 
lization, Mandibular or maxillary fractures that alter normal 
occlusion should be reduced and stabilized. Maxillary frac¬ 
tures that result in nasal malpositkming or instability should 
tie reduced and stabilized. Interfragmentary wires are often 
used to stabilize maxillary fractures (Fig. 34-3); Kirschner 
wires are incorporated into many of these maxillary fixation 
techniques. Maxillofacial mini plates may also be used for 
maxillary fracture fixation. 
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Application of Bone Plates and Screws 

Bone plates can be used to stabilize single or comminuted 
mandibular fractures {see p. 880). Plates are applied to the 
ventrolateral mandibular surface. Care must be used to 
tour the plate correctly because the mandible aligns with the 
plate as the screws are tightened; malalignment results in 
malocclusion. Screws are positioned to avoid tooth roots 
(Fig, 34-6). Maxillofacial miniplates may offer easier con¬ 
touring and screw placement in mandibular and maxillary 

fractures. 
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Application of Interdental Wires 

Interdental wires are placed around teeth adjacent to frac¬ 
ture lines. The wires must be positioned securely in the bone 
iround the tooth s neck to prevent them from sliding off the 
crown. They are placed through guide holes that are drilled 
between the teeth and through the superficial cortical bone 
surface. The wire is passed through the guide holes, circling 
the teeth, and tightened. The ends of the wire should be bent 
into the mucosa (Fig, 34-4), 

Application of inierfragmentary Wires 

Inter fragmentary wires are ideal for stabilizing relatively 
simple, reconstructible mandibular and maxillary fractures. 
Lar^e-gauge wire (18 to 22 gauge), properly applied, pro¬ 
vides adequate fracture support (Table 34-1); however, wires 
maybe difficult to position and tighten unless certain appli¬ 
cation guidelines are followed. I he largest gauge wire that 
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Comparable Wire Sizes for Fracture Stabilization 
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GAUGE 


MILLIMETER INCH 


INCH 


16 


1.25 


.049 


18 


1.00 


.040 


20 


0.80 


035 


.032 


.030 


22 


0,60 


.028 


24 


.020 
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FIG 34-3 

Stabilization of maxillary fractures with Kirschner wire and orthopedic wire, 
applied perpendicular to the fracture and tightened to compress it, Kirschner wires are 
used to prevent collapse of fragments. Occasionally a canine tooth can be used to secure 

To facilitate passing cerclage wire, angle the drill holes toward the fracture. Loop 

under the bone and througn the second hole. Pull the wire until kinks 
beyond incorporation into the final cerclage, and tighten the wire. 
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FIG 34-4 

Interdental wires are placed through holes drilled in the maxillary or mandibular bone to 
prevent the wire from slipping. 
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FIG 34-5 

A, To place an inte fragmentary wire on the mandible, angle the drill holes toward the 
fracture, B, Place the wire and begin the twist while placing traction on the wire, C, To 
ensure that the wire is in contact with the far cortex, insert a forceps between the twist and 
the near cortex, and lever the wire away from the near cortex. D, Finish tightening the 
wire, cut the twist, and bend it into the bone. 
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FIG 34-6 

Compression plates are applied to the lateral mandibular surface to stabilize transverse 
fractures. Avoid penetrating the tooth roots with 











































906 


Orthopedics 


Application of External Skeletal Fixators 


dental occlusion and reduce fractures, the animals mouth is 
closed. If necessary, Kirschner clamps and a connecting bar can 
be placed to hold the fracture temporarily in reduction while 
the acrylic is being mixed and molded (Fig. 34-8, B), Soft tis¬ 
sues are protected by laying wet sponges beneath the pins. Af¬ 
ter the acrylic is mixed, it is molded over the bent pins to form 
a connecting bar (Fig. 34-8, C). Alternatively, plastic tubing 
may be impaled over the pins (do not bend them) and then 

as a mold for the liquid-phase acrylic. The acrylic splint 
can be curved around the rostral portion of the mandible. 


External fixators. External fixators (see p. 861) can be 
used to stabilize mandibular body fractures if there is suffi¬ 
cient bone to hold fixation pins. Fixation pins are placed per- 
cutaneously through the mandibular body, avoiding tooth 
roots. Type I fixators are applied to the ventrolateral mandibu¬ 
lar surface with at least two pins inserted on either side of the 
fracture line. Positive-profile end-threaded pins are used to in¬ 
crease the fixators holding power. For bilateral mandibular 
body fr actures, a Type II fixator may be constructed using bi¬ 
lateral and unilateral fixation pins. A connecting bar is placed 


on either side of the dog’s jaw (Fig. 34-7). 


versatile because they 

can accommodate various sizes of fixation 
placed in multiple planes. 


NOTE * Acrylic bars 


Acrylic fixators. Dental acrylic, used to replace damps 
and connecting bars, is a versatile rigid fixation for mandibu¬ 
lar fractures, especially severely comminuted fractures. Alter 
pins have been placed in appropriate locations in the mandible 
(use fixation pins of appropriate size for the bone area), the 
ends are bent parallel to the skin (Fig. 34-8, A). To evaluate 


Animals with mandibular fractures that have high fracture- 
assessment scores of 8 to 10 (e.g., simple fractures in young 


FIG 34-T 

When placing a Type I or II external fixator to stabilize comminuted mandibular fractures., 
positive-profile end-threaded pins if the fracture-assessment score indicates prolonged 
healing. Avoid penetrating tooth roots with fixation pins. 
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animals; see p. 859) may be treated with tape muzzles, 
dental composite bonding, interdental wiring, or inter frag¬ 
mentary wiring techniques, depending on fracture location. 
In ter fragment ary wire is usually sufficient to stabilize 
simple, bilateral, mandibular fractures if they 
tomically reconstructed and if fracture-assessment 
dicate rapid healing (Table 34-2), With moderate fracture- 
assessment scores of 4 to 7 (e.g„ larger or older dogs with 
longer healing times) and if bilateral fractures 
anatomically reconstructed, inter fragment ary wires, external 
fixation, or bone plates and screws may be used for fracture 
fixation. A cancellous bone autograft can be used to promote 
rapid bone union in these patients. With low fracture- 
assessment scores of 0 to 3 and comminution, bone loss, 
severe soft tissue damage, fractures are best treated with 
closed reduction and external fixator application. Mandibu¬ 
lar alignment is determined by observing dental occlusion. 
Whenever healing times may be prolonged, external fixators 
may be constructed using several positive-profile, threaded 
pins (see p, 863). Plate and screw fixation is used to stabilize 
mandibular fractures with cortical bone loss; however, the 
plate must be carefully contoured to the fractured bone. If 
open reduction is performed in patients with low fracture- 
assessment scores, autogenous cancellous bone grafts can be 
used to facilitate healing. Dogs with severely comminuted 
fractures of the vertical ramus may be treated with a tape 
muzzle, relying on the heavy masseter muscle to maintain 
fragment alignment* In 
(m an d ib u la r- m axil la ry 

mandibular and maxillary alignment. Although most cats 
tolerate interarcade wiring well, dogs may be more difficult 
to manage postopera lively. 

Preoperative Management 

After the status of the animal has been determined, 
mandibular fractures in most dogs may be gently reduced 
and temporarily held in position with a tape muzzle until a 


definitive stabilizing procedure can be performed (see Fig, 
34-2). However, mandibular fractures in cats ami bra en¬ 
cephalic dogs cannot be easily stabilized with tape muzzles 
and are often not treated until surgery. Because the oral 
ity contains numerous bacteria, prophylactic antibiotics are 
recommended. Infections are rare, however, because the vas¬ 
culature supplying this area is well developed and plentiful. 
If infection is likely and open reduction is performed, bacte¬ 
rial cultures can be submitted during surgery. Analgesics 

should be provided to animals that appear to be in pain [see 
Table 34-5), J 

Anesthesia 

Anatomic reconstruction or realignment of mandibular cor¬ 
tices is mandatory to provide proper dental occlusion in 
many patients. Simple mandibular fractures can be anatom¬ 
ically reconstructed using bone cortex as a 
complex fractures or cortical bone loss, however, denial oc¬ 
clusion must be used to guide mandibular realignment. Be¬ 
cause mandibular and maxillary teeth closely interdigitate, 
precise alignment of upper and lower arcades is necessary. If 
precise dental occlusion cannot be determined with the en¬ 
dotracheal tube in place, it should be repositioned through 
pharyngotomy incision (Fig. 34-9). This allows the mouth to 
be completely closed during surgery, which facilitates deter¬ 
mination ot adequate dental occlusion. After surgery the en¬ 
dotracheal tube is removed and the pharyngotomy incision 
is allowed to granulate closed. 

Surgical Anatomy 

1 he bones of the maxilla and mandibular body are easily 
palpated and surgically approached through skin and subcu¬ 
taneous tissue (Tig, 34-10). The maxillary nerve (branch of 
the trigeminal nerve that innervates cutaneous muscles of 
the head, nasal and oral cavities, and muscles of mastication) 
passes rostrally through the alar canal and 

with maxillary fractures. The mandibular alveolar nerve, 
which is sensory to the teeth of the mandible, passes through 
the mandibular canal along with the mandibular alveolar 
artery. These structures are frequently damaged with man¬ 
dibular tractures, although clinical signs 
Tooth roots musi be avoided when placing implants in the 
maxilla or mandible. The approach to the ramus jnd tem¬ 
po ro mandibular joint involves dissection and elevation of 
the masseter muscle (Fig, 34-11), The parotid duct and 
gland and facial nerve are dorsal and superficial to the mas¬ 
seter muscle and should be avoided. 
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some cases, inter arcade wiring 
wires) can be used to maintain 


can be injured 


TABLE 34-2 


are seldom evident 


Implant Use for Maxillary and Mandibular Fractures 
According to Fracture-Assessment Score (FAS) 


FAS 0 to 3 

* Closed reduction and external skeletal fixation 

* Bone plate and screws 

* Tape muzzle for vertical ramus 

FAS 4 to 7 


* Jnterfra 


NOTE * The shape of the mandibular canal and 
the presence of major vessels and nerves preclude 
intramedullary pin fixation of mandibular fractures. 


gmentary 
• Bane plates and 


wires 
screws 

* External skeletal fixation 


FAS 8 to 10 

• Tape muzzle 

* Interdental wiring 

* Interfragmentary wiring 

• Cerclage wires (symphyseal fractures) 


Positioning I 

Ani m a Is are positioned i n ventral re c u m be n cy fo r i real me tit 
of maxillary fractures and dorsal recumbency for treatment 
of mandibular fractures. If an autogenous cancellous bone I 
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FIG 34*9 

To place an endotracheal tube through a pharyngotomy incision, Insert an index finger into 
the oral cavity and locate the pharyngeal area immediately cranial to the hyoid bones. 
Incise skin, subcutaneous tissues, and mucous membrane to create a passage for the 
endotracheal tube. Place a forceps through the surgically created passage to grasp the 
endotracheal tube (with connector removed) and reroute it. 
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FIG 34-10 

A, For a ventral approach to the mandible, make a ventral midline incision in the skin 
between the mandibles. B, Elevate soft tissues from the mandibles to expose the fracture(s), 
but maintain the digastricus muscle attachment. 
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FIG 34-1 1 

A, For a lateral approach to the ramus of the mandible, make a skin incision over the 
ventrolateral border of the caudal mandibular body, and separate the platysma muscle to 

and elevate the masseter muscle from the 
mandibular surface and angular and coronoid processes. 














expose the masseter muscle, B and C 
ramus to 


t 






expose its lateral 












that mandible. Elevate soft tissues from the mandibles io 


graft is required, animals may be positioned in dorsal 
cumbency with forelimbs tied caudally. The skin over the 
proximal humerus is prepared for aseptic surgery/Hi is posi 
honing allows simultaneous access to the proximal humeral 
metaphysis and oral cavity Because this is an uncommon 

be taken 


re- 


over 

expose the fracturejs J* Maintain the digastricus muscle of- 
tocbmenf fsee Fig . 34- J 0), Reduce and stabilize the fractm 
(see below}. if there is a segmental fracture of the mandibu- 
lor body, stabilize the caudal fracture first . 




graft, care must 


limb position for obtaining a 
to orient oneself before the procedure. Additionally, the graft 
should be harvested first to avoid bacterial contamination of 


Because there is little musculature around the mandibu¬ 
lar body, reduction usually is easily accomplished Open re¬ 
duction of the mandibular cortex will realign the teeth. 

Evaluate the oral cavity for open wounds. If large wptmc/s 
a re pres en t close th e m ucos a pa rtia Ily to decrea se th et r size. 
To allow postoperative drainage, do not completely dose 
contaminated wounds , Place 
present or likely. Close the surgical wound by sufur/ng op¬ 
posing layers * Ij 




the donor site 
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SURGICAL TECHNIQUES 




Open Reduction of Mandibular Fractures 

With bilateral mandibular fractures, make a ventral midline 
incisioTt in the skin between the mandibles. Move this inci¬ 
sion in either direction to expose both mandibles , If only one 
mandible is involved, make o ventral skin incision directly 
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FIG 34-12 

To stabilize mandibular symphyseal fractures, use a 16-gauge or 1 8-gauge hypodermic 
needle to place the cerclage wire. 


Open Reduction of Fractures of the Vertical 
Ramus and Temporomandibular Joint 

Maie a skin incision over the ventrolateral border of the cau¬ 
dal mandibular body, and separate the platysma muscle to 
expose ffte d/gas trie us muscle . Elevate the masseter muscle 
from /fie mmus to expose its loterol mandibular surface and 
angular and corona id processes {see Fig. 34-1 1 J. Reduce 
/lie fracture and stabilize it (see below), Repair large , open 
wounds of the oral 

surgical wound by suturing opposing layers . 


and bend them to decrease the 


through the skin incision, 
possibility of injury to the owner (Fig . 34-12), 


Stabilization of Mandibular 
Transverse Fractures 

Transverse fractures should be realigned and compressed. 

two interfragmentary wires perpendicular to 
the fracture line to achieve compression (Fig, 34-13, A to 
Cj, Alternatively, if the patient's fracture warrants more rigid 
fixation, use an external fixator or compression bone plate. 

Stabilization of Oblique Fracture Lines 

Oblique fractures may override when parallel wires are 
tightened so that alternative wire patterns may be required. 


one or 


described on p. 910. Close the 




Open Reduction of Maxillary Fractures 

the fracture(s) and gently elevate 




Mata a 

be soft tissues from the bone, ft educe the fracture and stabi 
fee ft Repair large, open wounds to the oral cavity as de 

scribed on p. 9 JO. 


masron over 


Stabilize caudal to rostral (or vice versa) oblique fracture 
lines with two wires 


Stabilization of Mandibular 
Symphyseal Fractures 

Symphyseal fractures are best treated with cerclage wire, A 
single wire is effective treatment for symphyseal fractures. 
Symphyseal cerclage wires encircle the mandible caudal to 
the Lanin e tee th. The w i re can be rem ove d o n ce the fra ctu re 
has healed (generally 6 to 8 weeks) by cutting it with 
scissors where it is expensed behind the canine teeth. 


placed at right angles to each other 


More than one wire may be placed through a single drill 


hole. 


> 


Stabilize medial to lateral (or vice versa) oblique fracture 

wires placed perpendicular to each other in 


two perpendicular planes. 




the skin overlying the ventral aspect of 
be symphysis. Insert a 16-gauge or 18-gauge hypodermic 
needle through this nick and along one lateral mandibular 
surface (under fhe subcutaneous tissues). Exit the needle in 
(lie oral cavity caudal to the canine tooth, and thread an 

1 8-gauge or 20-gauge wire through the needle. Reposition 

fhe needle on the opposite side of the mandible, curve the 
wire across and behind the canine teeth, and reinsert it 

I ffreugn fae hypodermic needle. Exit the wire 

incision af 


In both cases the second wire prevents overriding of the 
fracture as the wires are tightened (Fig. 34-13, D to F). 

Incorporate buffer fly fragments /nfo the fixation if they are 

large and relatively stable (Fig, 34- / 3, G). 

Stabilization of Comminuted Fractures 

Stabilize comminuted fractures that have long fracture lines 

be anafom/cafly reconstructed with interfragmen- 
tary wires. Bridge comminuted fractures that cannot be re- 
on s traded wi th a bone pla te or exte rn a / fixa tor. Pay ca refu I 


Make a small nick in 
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from the skin 
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f ginal insertion point. Once the fracture is 
winced, tighten the wire. Leave the ends of the wire exposed 
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FIG 34-13 

Interfragmentary wire may be used to stabilize mandibular fractures. A to C, For transverse 
fractures, wires may be placed perpendicular to the fracture line. D, Stabilize caudorosttal, 
long, oblique fracture lines with two wires placed at right angles to each other. Wire 
round the ventral mandibular border prevents the caudal segment from displacing rostrally 
when the interfragmentary wire Is tightened. E and F f To stabilize long, oblique, slab 
fractures, place wire through both bone segments and around the ventral mandibular 
border to prevent overriding of bone segments. G, Secure large butterfly fragments with 

interfragmentary wires. 










a 








dental acrylic may be used to form the acrylic splint 
Bone-plating equipment is needed for plates. 


attention to ensure dental occlusion is appropriate (see 


or 




902 and 908). 


pp. 








POSTOPERATIVE CARE 
AND ASSESSMENT 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 








Postoperative radiographs should be evaluated for implant 
position. Occlusion of the teeth* however, takes precedence 
over accurate fragment reduction. Dental occlusion is more 
readily determined on physical examination than with rdr 


A low-rpm power drill is helpful for placing fixation pins. A 

drill is used to drill holes in the bone for 




or power 

wires and to place Kirschner wires. Dental resin composite is 
needed for canine tooth bonding. Polymethylmethacrylate 
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Chapter 34 Managernen t of Specific Fractures 


Lewis DD et al: Maxillary-mandibular wiring for the management 
of caudal mandibular fractures in two cats, J SmaU Anim Pract 

32:253, 1991. 

Rudy RE, Boudrieau R): Maxillofacial and mandibular fractures, 

Semin Vet Med Surg (Small Anim) 7:3,1992, 

U m phi et RC, Johnson AL: Mandibular fractures of the dog: a ret¬ 
rospective study of 157 fractures, Vet Surg 19:272, 1990. 


ographs. Occasionally a tape muzzle can be used postopera - 
lively to support ihe fixation (see Fig, 34-2). When muzzles 
used (as primary fixation or support for internal fixa¬ 
tion), the skin on the ventral surface of the mandible may 
become irritated. The skin should be carefully cleaned and 
treated with a soothing ointment. External fixators should 
be evaluated postoperatively to ensure that the damps or 

acrylic are not too dose to the skin. 

The animal should be fed soft food until the fracture heals; 

chew toys should be avoided. Owners should be instructed 
not to allow the animal to chew on rocks or sticks or play tug- 
of-war, Clients should be instructed to clean the skin beneath 
a tape muzzle daily and to dean the area around external fix¬ 
ation pins. The animal should be reevaluated 2 weeks post¬ 
operatively and sutures removed. Radiographs should be ob¬ 
tained after 6 weeks to evaluate healing and repeated every 6 
eeks thereafter until healing is complete. Dental composite 
used for tooth bonding may break prematurely and require 
reapplication if healing is not complete. Dental composite, 
intraoral wires, external fixators, and plates should be re¬ 
moved when fractures are healed; in ter fragmentary wires are 

not removed unless they cause problems. 


are 


SCAPULAR FRACTURES 


DEFINITIONS 


Scapular fractures may occur through the body, spine, 

neck, supra glen old tuberosity, and glenoid cavity. 


acromion, 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


w 


Scapular fractures are relatively uncommon in dogs and cats, 
(1.2% of canine fractures in a recent study) because the large 
muscles surrounding the scapula protect it from direct in¬ 
jury (Cook et al, 1997). Common concurrent injuries in¬ 
clude pulmonary contusions, pneumothorax, rib fractures, 

traumatic cardiomyopathy, and 
scapular nerve). Thus cardiorespiratory parameters and 
neurologic function of the limb should be determined pre¬ 
operative ly in animals presenting with scapular fractures. 

Scapular fractures are classified according to location 
(e,g„ body, spine, acromion, neck, supraglenoid tubercle, 
glenoid cavity) and stability. Scapular body and spine frac- 

frequently minimally displaced and stable, requir- 


PROGNOSIS 


injury (Le„ supra- 


The prognosis for healing of mandibular and maxillary frac¬ 
tures Is generally excellent if proper techniques of fracture 
management are observed. Common complications include 
malocclusion and osteomyelitis. Many animals learn to com¬ 
pensate for malocclusion; however, temporomandibular 
arthritis, impaired mastication, abnormal tooth wear, plaque 
and tartar accumulation, and periodontitis 
qudae. Mild malocclusion associated with interference of 
teeth can be treated by remodeling the involved teeth to al¬ 
low clearance. Severe malocclusion may require tooth ex¬ 
traction or corrective osteotomy. Osteomyelitis (see p. 1186) 
and bone sequestration should be treated by sequestrectomy, 
removal of loose implants, mandibular stabilization (if nec¬ 
essary), cancellous bone autografts, culture/sensitivity, and 
appropriate antibiotics. Nonunions are treated with appro¬ 
priate stabilization and cancellous bone autografts. Partial 
mandibulectomy (see p. 278) is an option for treatment of 
chronic nonunion of the mandible. 


] ierve 


possible se- 


are 


tures are 

ing only conservative therapy. However, transverse fractures 
of the scapular body and spine may allow the scapula to told 
on itself, resulting in a poor cosmetic appearance if the frac- 

not reduced and stabilized. Similarly, comminuted 


tures are 

fractures may be unstable and candidates for internal fixa¬ 
tion. Avulsions of the supraglenoid tuberosity occur in im¬ 
mature dogs and are physeal separations subjected to the 
pull of the biceps muscle that should be stabilized with in¬ 
ternal fixation methods. Fractures of the scapular neck (if 
displaced and unstable) and glenoid cavity (intraarticular 
fractures) may affect scapulohumeral joint function and 
thus should be anatomically reduced and stabilized with in- 


NOTE * Mandibular and maxillary fractures gener¬ 
ally heal without a large callus. 


ternal fixation methods. 


DIAGNOSIS 

Clinical Presentation 

Signalment. Although traumatic scapular fractures 
may occur in animals at any age, young large animals are at 

increased risk. 

History. Affected animals usually have a history of trauma. 

Physical Examination Findings 

Most affected animals present with a nun-weight-bearing 
lameness. Swelling may occur over the scapula, and crepita¬ 
tion may be obvious when this region is palpated. 


Suggested Reading 


lint. 


Bennett JW, Kapatkin AS, Manfra-Marretta S: Dental composite for 
the fixation of mandibular fractures and luxations in 11 cats and 

6 dogs, Vet Surg 23:190, i 994. 

Boudrieau RJ, Kudtsch M: Miniplate fixation for repair of 
mandibular and maxillary fractures in 15 dugs and 3 cats, \et 

Surg 25:277,1996. 

Bucher M, Boudrieau RL Correction of' malocclusion secondary to 
maxillary impaction fractures using a mandibular symphyseal 
realignment in eight cats ,} Am Anim Hasp Assoc 35:68, 1999, 
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Radiography 

Radiographs of the scapula should include lateral and 
docranial views. To avoid superimposing scapulae, the con¬ 
tralateral forelimb should be extended during the lateral 
projection. A distal-proximal or axial projection provides a 
skyline view of the scapular spine and cranial and caudal 
scapular borders. Because of the manipulation necessary for 
diagnostic radiographs, some animals may require sedation. 

Laboratory Findings 

Specific laboratory abnormalities 
scapular fractures. Traumatized animals undergoing surgery 
should have sufficient blood work done to determine the op¬ 
timal anesthesia regimen. 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


Conservative treatment with a Velpeau sling (see p, 840) and 
limited exercise are appropriate for most closed, minimally 
displaced fractures of the scapular body and spine. However 
fractures of the articular surface must be treated with open 
reduction, anatomic alignment, and rigid fixation (see be- 
low), Velpeau slings should be left on for 2 to 3 weeks or un¬ 
til radiography shows that the fracture is bridging with bone. 


SURGICAL TREATMENT 


no t p re se n t w i th 


Surgical treatment is indicated for unstable extraartieuJar 
fractures and for intparticular fractures. Fixation systems 
applicable for scapular fractures include orthopedic wire, 
Kirschner wire, and plates and screws. The most appropriate 
fixation method should be determined based on fracture- 
assessment score and fracture location. 


DIFFERENTIAL DIAGNOSIS 


Animals presenting with forelimb lameness attributable to 
scapular fractures should be carefully evaluated for concur- 
re n t nerved a m age (b rach i a 1 plexus, spinal co rd t ra u m a) b e - 
fore surgery. Fractures are generally evident radiographi¬ 
cally. Special attention should also be given to identifying 
coneurrent thoracic i n ju ries, 


Application of Orthopedic Wire 

Orthopedic wire may be used as interfragmentary wire for 
fractures of the scapular spine and body (Figs. 34-14 and 
34-15) or in conjunction with Kirschner wires as a tension 








FIG 34-14 


A and B, Transverse fractures of the scapular body may cause unsightly folding 
deformities. C, Orthopedic wire may be used to repair these fractures in patients with 
high fracture-assessment score. D, The same fracture in a patient with a law Fracture- 
assessment score may require stabilization with 


semitubular plate. 











































915 


Chapter 34 Management of Specific Fractures 


Application of Bone Plates and Screws 

Small semitubular plates can be inverted and used to stabi¬ 
lize fractures of the scapular spine and body (see Fig. 34-14), 
and small (2.7- and 2.0-mm) angle and T plates can be used 
to stabilize neck fractures (Fig. 34-17, C) 

placed under the suprascapular nerve, and 


band for avulsions of the supraglenoid tuberosity (Fig. 

22) wire is used for in - 


34-16, A and B). Larger gauge (18 to 


terfragmentarv fixation, whereas smaller gauge (20 to 24) 


wire is used in a figure-eight pattern (see Table 34-1). Large- 


gauge wire may be difficult to position and tighten unless 
application guidelines are followed (see p. 877), 


tures, plates are 
the nerve must be protected from trauma while the plate is 

positioned. Cancellous and cortical bone screws 
lag screws for stabilizing avulsion fractures of the supragle¬ 
noid tuberosity and T fractures of the neck (Figs, 34-16, C, 


are used as 


NOTE * Portions of the scapula are thin, and large- 
gauge wire may pul! through when tightened. 


and 34-17, D). 


Application of Kirschner Wires 

Kirschner wires can be used as crossed pins to stabilize trans¬ 
verse fractures of the scapular neck (Fig. 34-17, A 
Kirschner wires with figure-eight orthopedic wire may also 
be used for tension band fixation of avulsion fractures or re¬ 
pair of acromial osteotomies. 


Articular fractures are best treated with 
anatomic reconstruction and lag screw compression. 


B). 


Preoperative Management 

The overall health of the animal should be determined be¬ 
fore surgery. Thoracic radiography and electrocardiographic 

analysis are 

gesics should he provided to animals that appear to be in 
pain (see 

Anesthesia 

Refer to p. 824 for anesthetic management of patients with 
fractures. 


warranted before anesthetic induction. Anal- 


Surgical Anatomy 


the spine, the acromial 


Palpable landmarks of the scapula are 

, and the cranial, dorsal, and caudal borders. The 


process 

body and spine of the scapula are easily approached with 
dissection and elevation of muscle. The neck of the scapula 
is surrounded by muscles and tendons that support the 
scapulohumeral joint (Fig. 34-18, A). Osteotomy of the acro¬ 
mial process allows reflection of a portion of the deltoideus 
muscle and visualization ol the joint. The suprascapular 
nerve and artery course over the scapular notch and under 


PIG 34-1 5 

Comminuted fractures of foe scapular body can be 
reconstructed with orthopedic wire in patients with high 
fracture-assessment scores. 


FIG 34-16 

To overcome foe pull of the biceps brachii muscle (A), avulsions of the supraglenoid 
tuberosity are treated with a tension band wire (B| in patients with a high fracture- 
assessment score or a lag screw (C) in patients with a low fracture-assessment score. 



















































FIG 34-17 

A, Transverse fractures of the scapular neck are best treated 
with internal Fixation. B, Crossed Kirschner wires can be 
used in patients with high fracture-assessment scores. 

C, Angle plates may be used in those with low fracture- 
assessment scores. D., Articular fractures must be 
anatomically reconstructed and stabilized with a lag screw. 
The! fracture is then stabilized with Kirschner wires (as 
shown) or a plate. 
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FIG 34-18 

A, For a lateral approach to the scapular neck, make a lateral skin incision from the mid 
portion of the scapular spine disfally to the shoulder joint. 

omotransversarius and trapezius muscles and scapular head of the deltoid muscle. 
Gsteolomize the acromial process and reflect it distally with the acromial head of the deltoid 
muscle. B, For additional exposure, tenotomize the infraspinatus muscle, and if necessary, 
osteotomize the greater tubercle of the humerus. Incise the joint capsule to observe the 
articular surface during reduction of fractures involving the glenoid cavity. C, Repair the 
asleotomy(s] of the acromial process (and greater tubercle) with a tension band wire 
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ntally. Incise trapezius and scapular parts of the del to ideas 
muscles from the spine and reflect them cqu dolly. Incise the 
supraspinatus and infraspinatus muscular attachments to th 
spine , and elevate these muscles from the scapular body 

(Fig, 34-1 9, BJ. 


the acromial process, and care should be taken to avoid these 
structures (Fig. 34-18, B). The axillary artery and nerve are 
located immediately caudal to the joint but are not usually 
visualized with routine approaches. 

Positioning 

The animal is placed in lateral recumbency with the affected 
side up. The entire scapular region should be prepared lor 
aseptic surgery. For maximal maneuverability, drape out the 
forelimb. The most accessible site lor a cancellous bone graft 
is the ipsilateral proximal humerus. 11 a bone graft is needed 
(i.e., comminuted fractures with a fracture-assessment score 
less than 3), the prepped area should encompass the proxi¬ 
mal humerus. 


e 


Approach to the Scapular Neck 
and Glenoid Cavity 

Make a lateral skin incision from the middle portion of the 
scapular spine and extend it distall/ to the shoulder joint. Ex¬ 
pose the acromion process by incising attachments of the 
omotransversarius, trapezius , and scapular head of the del - 
toideus muscles to the scapula . Osfeotomize the acromial 
process and reflect it di stall/ with the acromial head of the 
del toideus muscle. Reflect the supraspinatus and infraspina¬ 
tus muscles away from the scapular spine and neck. Take 
core to identify and protect the suprascapular 

ten atomize the infra - 






SURGICAL TECHNIQUES 


If 


Approaches to the scapulohumeral joint are described on 
1053 to 1056, Excision arthroplasty and shoulder 
arthrodesis are discussed on p. 1061. 


needed for complete joint exposure t 
spinatus muscle. Incise the joint capsule to observe the artic¬ 
ular surface during reduction of fractures involving the gle¬ 
noid cavity : For additional exposure, osfeotomize the greater 
tubercle of the humerus and reflect the supraspinatus muscle. 
Close the joint capsule with interrupted sutures of 3-0 ab¬ 
sorbable material. Reappose the infraspinatus tendon with 


PP- 


Approach to the Scapular Spine and Body 

Mote a lateral skin incision extending the length of the spine 
dhtally to the shoulder joint (Fig. 341 9, AJ, Transect the 
omotransversarius muscle from the spine and reflect it 
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proach to the scapula, make a lateral skin incision extending the length 
of the spine distally to the shoulder joint. B, Incise the omotransversarius muscle, trapezius 
muscle, and scapular parts of the deltoid muscle from the spine. Elevate the supraspinatus 
and Infraspinatus muscles from the scapular body to expose the fracture. 


A, For a latera 
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PART IV Orthopedics 


TABLE 34-3 


|E TABLE 34-4 


Implant Use for Fractures of the Scapular Body and Spine 
According to Fracture-Assessment Score (FAS) 


Implant Use for Articular Fractures According to Fracture- 
Assessment Score (FAS) 


FAS 0 to 3 

* Conservative therapy 

* Bone plate and screws 

FAS 4 to 7 

* Conservative therapy 

* Interfragmentary wires 

* Bone plate and screws 

FAS 8 to 10 

* Conservative therapy 

* Interfragmentary wires 


FAS 0 to 3 


• Lag screws 


• Bone plate 


FAS 4 to 7 

• Lag screws 

• Bone plate 

FAS 8 to 10 

• Kirschner wires 

• Tension band wire 


tendon suture (i.e., 3-loop put ley suture , Bunnell , or locking 
loop; see p, 7? 62} and support it with interrupted 0 or 2 0 

nonabsorbable sutures, Repair the osteotomies with tension 

band wire (see Fig. 34-18, C ). Suture deep fascia , subcuta¬ 
neous tissues , and skin separately , : 

Stabilization of Scapular Body 
and Spine Fractures 

If the patient fracture assessment (see p . 855} indicates rapid 
healing (score of 8 to 10), use conservative therapy for sta¬ 
ble scapular body and spine fractures. If these fractures are 
grossly displaced or have resulted in folding of the body ■ 
however, consider open reduction and stabilization with in¬ 
terfragmentary wiring (see Fig. 34-14). If the fracture- 
assessment score is 4 to 7 (e.g ,, older or larger dogs, In 

which healing may be delayed}, treat displaced fractures of 
the scapular body and spine with open reduction and plate 
and screw fixation. 


conjunction with open reduction to promote healing in these 

patients . m 


Articular fractures must be anatomically reconstructed 

(Table 34-4). 


Stabilize animals with a patient fracture-assessment score of 
8 to 10 with Kirschner wires or a tension band wire. Use 

plate or screw fixation in animals with lower patient fracture 

assessments. ] 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Army-Navy, Myerding, and Hohmann retractors are useful 
for retracting muscles. A high-speed drill is necessary for ap¬ 
plication of a plate and can he used to drill holes for place¬ 
ment of orthopedic wire or Kirschner wires. Plating equip¬ 
ment is needed for lag screw and plate placemen!. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


F ract u re - as sess m e n t sc ores les s t ban 3 ind i ca te prol on ge d 
healing (Table 34-3). 


Po slope rat i ve ra dl ograp hs sho ul d b e take n to eval uate frac¬ 
ture reduction and implant position. Radiographs should be 
repeated every 4 to 6 weeks until fractures are healed. If there 
is concern about implant stability during full weight bear¬ 
ing, a Velpeau sling (see p. 840) may be applied postopera - 
lively; however, early return to function is preferred tor joint 
fractures. After fractures are healed, implant removal maybe 
considered, but removal is usually unnecessary. Limited ac¬ 
tivity is advised until radiographic signs of fracture bridging 

with bone are visible. Owners should he instructed to con¬ 
fine animals to a small area (preferably a 
cannot be supervised. If a Velpeau sling is applied, it should 
be kept clean an d dry, a nd the owner should observe it daiiy 
for evidence of slippage or irritation. See Table 34-7 lor 2 
reevaluation schedule. 


Treat severely comminuted fractures of the scapular body 
and spine that cannot be reconstructed conservatively if 
vere angulation of the joint is not present If the animal has 
multiple limb trauma or must bear weight on the limb t how¬ 
ever ; consider bridging the scapula with a bone plate . 


se- 


Stabilization of Avulsion Fractures of the 
Supraglenoid Tuberosity and Fractures of 
the Scapular Neck and Articular Surface 

Treat avulsion fractures of the supraglenoid tuberosity with 

and placement of a lag screw or tension 
band wire . For simple fractures of the scapular neck , use 
open reduction and stabilization with eras sed Kirsch ner 
wires , lag screws, or a small plate to prevent mainnion and 
subsequent malalignment of the articular surface , Recon¬ 
struct severely comminuted fractures involving the neck and 
buttress with a small plate . Use cancellous bone autografts in 


open reduction 


PROGNOSIS 


1 


Most scapular fractures heal without complication. Potential 
complications of scapular fracture repair include iatrogenic 


1 
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Chapter 34 Afa nagetnent of Specific Fractures 


the animal's neurologic status is essential Reflexes and pro¬ 
prioception may be difficult to assess due to muscle trauma 
and tissue swelling associated with the fracture* However, su¬ 
perficial pain sensation should be easily elicited on the dor¬ 
sum of the paw if the radial nerve is functional 

DIAGNOSIS 

Clinical Presentation 

Signal merit* Any age, sex, or breed of dog or cat may be 

affected. 

History. Motor vehicle accidents cause the majority ot 
humeral fractures. Other modes of injury include gunshots 

and falls. 

Physical Examination Findings 

Patients with humeral diaphyseal fractures are usually non¬ 
weight-bearing and exhibit varying degrees of limb swelling. 
Pain and crepitus may be elicited on limb manipulation. Af¬ 
fected animals often drag the limb when walking and may not 
lift the paw when proprioception is checked* This may cause 
the examiner to assume that neurologic injury is present. 
However, similar findings may occur because of the orthope¬ 
dic injury alone if pain and swelling make the p>atient reluc¬ 
tant to move the limb when proprioception is evaluated. 

Radiography 

Most of these animals are painful and require sedation lor 
proper positioning to obtain quality radiographs. Cranio- 
caudal and lateral radiographs are necessary to assess the ex¬ 
tent of bone and soft tissue injury. Radiographs can be taken 
under anesthesia just before surgery but this decreases the 
time available for planning the surgical procedure. If the 
fracture is comminuted and bone plate fixation is contem¬ 
plated, radiographs of the contralateral limb are useful for 
assessment of bone length and shape. These radiographs as¬ 
sist in proper contouring of the bone plate. 

Laboratory Findings 

Complete blood count and serum chemistry evaluation 

should be done to assess the status of the animal for anes¬ 
thesia. Consistent laboratory abnormalities are not present. 


infection (with open reduction), malunion, delayed union, 
and secondary degenerative joint disease after articular frac¬ 
ture. Kirschner wires can migrate it the fracture is unstable. 
The prognosis for normal limb function is excellent unless 
malunion leads to scapulohumeral joint incongruity and 
secondary degenerative joint disease* Nonunions are un- 

after repair of scapular fractures because of the 
large muscle mass and good blood supply of this region* 

Reference 
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HUMERAL FRACTURES 


HUMERAL DIAPHYSEAL AND 
SUPRACONDYLAR FRACTURES 


DEFINITIONS 


Humeral diaphyseal fractures result in disruption of the 
continuity of the diaphyseal cortical bone* An in¬ 
tramedullary pin that is placed into the humerus in a nor- 
mograde fashion is inserted from the greater tubercle across 
the fracture line and seated in the medial epicondyle. A pin 
that is placed in the humerus in a retrograde fashion is in¬ 
serted at the fracture line, driven proximally to exit the 
greater tubercle, and after fracture reduction, driven across 
the fracture and into the distal fragment. 


GENERAL CONSIDERATIONS 

AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include shoulder or elbow luxation, 

soft tissue contusion, and pathologic fractures sec- 


High-velocity injuries {e.g*, motor vehicle accidents, gunshot 
injuries, blunt trauma) are a common cause of humeral frac¬ 
tures in veterinary patients. When evaluating a patient sub¬ 
jected to a high-veloctty injury, it is important not to locus on 
the obvious fracture but to complete a thorough examination 
of all body systems to rule out any concurrent injury* Com¬ 
mon injuries associated with fractures of the humerus in¬ 
dude chest wall trauma, pneumothorax, and pulmonary 
contusion, Radiographs should be taken to assess the degree 
of thoracic injury before anesthesia. The radial nerve courses 
from medial to lateral in the museulospiral groove of the dis¬ 
tal humerus* Radial nerve injury may occur with fractures in¬ 
volving the distal humerus; therefore a careful assessment ot 


severe 

ondary to neoplasia* 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


y 


Medical or conservative management is not indicated. Casts 
or splints are not indicated for repair of humeral fractures 
because the scapulohumeral joint cannot be effectively im¬ 
mobilized. 


i 


y 


SURGICAL TREATMENT 


Intramedullary (IM) pins and orthopedic wire, interlocking 
nails, IM pins plus external skeletal fixation, external skeletal 
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be seated into the medial epieondyle, an estimation of space 
through the epicondyloid ridge can be made at surgery or by 
evaluating the preoperative radiograph. 


fixators alone, and bone plates 
humeral fractures- The implant system chosen should reflect 
the patient fracture assessment score (see p. 855). Factors 
that negatively affect healing include the presence of multi- 

large active patient, and the necessity for open 
reduction and tissue manipulation to reduce and apply i 

terfragmentary compression. It a long 
expected, the implant needs to remain functional for 8 or 
more weeks; implants that purchase bone with threads are 
desirable. With shorter healing periods, implants that have 
frictional hold (smooth pins and wire) are adequate. 

Application of Intramedullary Pins 

An IM pin provides excellent resistance to bending but does 
not resist rotational forces or axial loading. Additional im¬ 
plants must be used to provide appropriate mechanical sup¬ 
port for most fractures. 

Canine humerus. Two methods may be used to place 
an IM pin in the distal humerus: (1) wedging the pin into the 

narrowest part of the marrow cavity (isthmus) and ( 2) guid¬ 
ing the pin through the epicondyloid ridge to seat into the 
medial epieondyle (Fig. 34-20), Pin size depends on which 
method is chosen to seat the pin d is tally If the pin is to be 
seated at the isthmus of the marrow cavity just proximal to 
the supracondylar foramen, a pin of the correct diameter to 
wedge into the isthmus can be determined at surgery or 
from the preoperative radiographs. Similarly if the pin is to 


to repair 


NOTE • Estimate pin size from the preaperolive 


in- 


radiograph 


duration to healing is 


An IM pin may be placed in a retrograde or normograde 

manner 

tages of one method over the other. Generally if open re¬ 
duction is performed, retrograde placement is used; if the 
fracture is to be stabilized through closed pinning, normo- 
grade placement is used. When retrograding an IM pin in 
the humerus, the pin is driven In a proximal direction from 
die fracture surface toward the shoulder joint. To ensure that 
the pi n exits at the proper site proximally the shaft of the pin 
is pressed against the medial and caudal surface of the mar¬ 
row cavity This forces the point of the pin to glide along the 
craniolateral cortex and exit cranio lateral to the shoulder 
joint. This also “presets" the pin in the proximal fragment so 
that the distal pinpoint is directed toward the caudomediaJ 
cortex when the fracture is reduced and the pin is driven into 
the disiai fragment. To wedge the pin above the supra¬ 
trochlear foramen, a pin dose to the diameter of the isthmus 
is driven to the level of the lateral epicondyloid ridge. This is 
estimated with a reference pin of equal length placed sagittal 
to the pin within the marrow cavity. To seat the pin into the 
medial epicondylar ridge, a pin equal in diameter to the 
width of the epicondylar ridge is driven to the level of the 
medial epieondyle. This can also be estimated with a refer¬ 
ence pin of equal length to the IM pin. 


in the humerus (Fig. 34-21). There are no advan- 


To align the pin properly press the shaft 


NOTE • 

against the caudomedial cortex. This causes the pin 
to exit craniolateral to the shoulder joint. 


Normograde placement of an IM pin is generally per¬ 
formed with closed reduction. The pin is driven from prox¬ 
imal to distal beginning at the craniolateral aspect of the 
greater tubercle. The proximal fragment is palpated through 
the skin surface and held to determine the direction 
marrow cavity A small skin incision is made at the point of 
pin entry over the greater tubercle, and the pin is driven in 
line with the marrow cavity to exit at the fracture surface, 1 \ 
The pinpoint is palpated as ii exits the marrow cavity of the 
proximal fragment, and the pin is driven to extend 3 to 3 
mm beyond the fracture surface. The distal fragment is tog¬ 
gled over the end of the pinpoint, aligned for proper reduc¬ 
tion, and then the pin is driven distally. The same two 
ods for distal seatage and choice of pin size apply for I 
normograde placement as discussed previously for retro- ] 

grade placement. If 

Feline humerus. Retrograde and normograde pin 

placement are performed under the same guidelines as dis- I 

cussed for dogs, Normograde placement is easier in cats be- 




FIG 34-20 

To "seat" an intramedullary pin in the distal humerus, wedge 
the pin into the most narrow part of the marrow cavity 
(isthmus), or guide the pin through the epicondyloid ridge to 
seat into the medial 
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to 60% of the medullary cavity is first inserted in a normo- 
grade or retrograde manner. An appropriate number of fix¬ 
ation pins and the external frame are then applied. The 
frame, number, and type of fixation pins vary with the rigid¬ 
ity of fixation desired and the length of time the fixator must 

ace (see p. 861). A single external bar with one 
fixation pin placed proximal to the fr acture and one placed 
distal to the fracture is often used for moderately stable frac¬ 
tures that are expected to heal in a relatively short time (less 
than 6 weeks). The proximal fixation pin is placed craniolat- 
erally> just distal to the greater tubercle, A small Kirschner 
wire is used as a “feeler” pin to identify the proper angle of 
insertion for the transfixation pin to avoid intersecting the 
IM pin (see p. 867). The condyle is predrilled because this 
area is composed of dense cancellous bone. The distal fixa¬ 
tion pin is inserted laterally across the humeral condyle and 
centered within the condyle. The lateral epicondyle is pal¬ 
pated and the pin inserted 1 to 2 mm cranial and distal to the 
epicondylar prominence. The fixation pin is exited medially 
from the bone near the medial epicondylar prominence. For 
unstable fractures, additional fixation pins may be added, 
but alternative strategies can also be used to enhance rigidity 
of the fixation while minimizing postoperative discomfort. 
Placing an additional external bar or connecting the IM pin 
to the external fixator frame to make a “tie-in 11 configuration 
increases the strength of the fixation system without adding 


cause the marrow cavity has a uniform diameter, the hone 
has less curvature, and there is less soft tissue envelope 
eringthe bone than in dogs. Care must be taken not to enter 
die supratrochlear foramen because the median nerve is in 
this area. 

Application of Interlocking Nails 

Interlocking nails are used to stabilize both single and com¬ 
minuted middiaphyseal humeral fractures (Fig. 34-22), The 
interlocking nail provides resistance to bending, rotational, 
and axial loading forces and can effectively bridge a nonre¬ 
ducible fracture. An open approach is used to reconstruct re¬ 
ducible fractures. An “open but don’t touch 11 approach is used 
when major segment alignment is the goal, fhe size of nail 
selected should correspond to the width of the medullary 
canal at the isthmus of the bone. Although the medullary 
reaming may be nortnograde or retrograde, the interlocking 
nail is inserted in a normograde manner starting on the ridge 
of the greater tubercle, A craniolateral approach (see p. 895) 
is performed to expose the point of inserlion. To facilitate 
nail insertion, the shoulder is flexed. 

Application of External Skeletal Fixation 

Combi ni tig the bending support of an IM pin with axial and 
rotational support from an external fixator is useful to con¬ 
trol al! weight-bearing forces. An IM pin that occupies 50% 
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FIG 34-21 

Humeral pins may be placed in a normograde or retrograde manner. 
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to patient morbidity through placement of additional pins 
(Fig, 34-23), A modified Type Jb external skeletal fixator can 
be constructed by placing an additional fixation pin proxi- 
mally at a 60-degree to 90-degree angle to the transfixation 
pin already in place and using a transfixalion pin through 
the condyle that exits the skin on the medial aspect. An ex¬ 
ternal bar connects the cranial pin to the medial aspect of 
the condylar transfixation pin (Fig, 34-24). The external bars 
are then connected with articulating external bars. Addi¬ 
tional fixation pins can be added to the craniomedial or lat¬ 
eral external bars to achieve additional strength and stiffness. 
(Refer to p. 861 for guidelines on pin number, design, and 
position,) If one or more fixation pins are placed in the dis¬ 
tal third of the humerus, care must be taken when making 
the soft tissue tunnel and placing the fixation pins so as to 
avoid radial nerve injury. 

The use of external skeletal fixation as the sole means of 
stabilization for comminuted nonreducible fractures of the 
humerus has recently gained popularity. When external fix¬ 
ators are applied to the humerus, stress on fixation pins is 
high due to the long distance from the external bar to their 
entrance into the bone and the inability to use stronger bi¬ 
lateral frames. Thoughtful preoperative planning and strict 
adherence to principles of application are necessary to avoid 
fixator-re la ted complications and unacceptable patient mor¬ 
bidity. “Open but don’t touch" reduction may be necessary 
to achieve adequate spatial alignment of the humerus. 
Achieving spatial alignment can be assisted through place¬ 
ment of a temporary IM pin through the intact proximal 
segment of intact bone, across the area of comminution, and 


into the distal segment of intact bone. In keeping with the 
concept of bridging osteosynthesis, bone fragments in the 
area of comminution should not be reduced or manipu¬ 
lated. A modified Type lb frame is constructed as described 
above (see Fig. 34-24). The number and type of fixation pins 
depend on the rigidity and duration of function needed for 
the external skeletal fixator. It is better to err on the side of 
being too rigid than to have a fixator that is not rigid 
enough. The former can be destabilized as the fracture heals, 
but the latter may result in premature fixation failure and 
high morbidity. 

Application of Bone Plates and Screws 

Bone plates provide needed stability and allow early return 
to function when used for complex or stable humeral frac¬ 
tures, Bone plates are generally used when the time to bone 
union will be lengthy or when postoperative comfort is de¬ 
sirable, Factors that influence plate size are its intended func¬ 
tion (i.e., compression, neutralization, or buttress plate) 
and patient size. The plate may be placed on the cranial, lat¬ 
eral, caudolateral, caudomedial, or medial surfaces of the 
humerus (fig. 34-25), Cranial plate application is easiest 

with proximal and midshaft humeral fractures. Lateral plate 
application is also easiest with proximal and midshaft frac¬ 
tures but can be used with distal fractures. Medial, caudo- 
mediai, and caudolateral placement is easiest with distal 
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FIG 34-23 

To increase the strength of the Fixation system, connect the 
intramedullary pin to an external fixator frame to make a 

tie-in configuration. 


FIG 34-22 


Position of an interlocking nail in the humerus. 
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fractures. A minimum of three plate screws (six cortices) 
proximal to the fracture and three plate screws distal to the 
fracture is recommended with compression or neutraliza- 
t i on pi ates, A minimu m of four plate sc re ws (e i gh t co rt ices) 
proximal and distal to the fracture is recommended tor but¬ 
tress plates* 

Compression plates are used with transverse or short 
oblique fractures. The plate is contoured to 1 mm offset 
from the bone surface at the fracture site to achieve com¬ 
pression of the transcortex. Neutralization plates are used 
with long oblique fractures or comminuted fractures where 
the bone fragments can be reduced and stabilized with lag 
screws or cerclage wire. The plate is contoured to the 
anatomic surface of the reconstructed bone. Buttress plates 
are used with comminuted fractures where bone fragments 
cannot be reduced anatomically or when attempted reduc¬ 
tion and stabilization of the fragments would cause excessive 
soft tissue trauma. The plate is contoured to reflect the 
anatomy of the humerus; this is most easily accomplished by 
contouring the plate to the appropriate radiographic view of 
the contralateral limb. 

Spatial alignment of the bone is assisted by inserting an 
IM pin. The pin is retrograded or normograded through the 
proximal intact segment of bone, passed through the frag¬ 
mented section of bone, and seated into the medial condyle. 
When placing the pin into the medial condyle, do not pre¬ 
vent the fragment from displacing distally. This allows the 






m 34-24 

External skeletal fixator (modified Type lb shown here) may 
be used with an IM pin or as the sote means of stabilizing a 


comminuted fracture. 
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FIG 34-25 


cession bone plates are applied to the lateral, cranial, or medial, humeral 
\ze transverse diaphyseal fractures. Oblique or comminuted reducible fractures are 

screws and neutralization plates* 
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Orthopedics 


Anesthesia 

Anesthetic management of animals with fractures is dis¬ 
cussed on p. 824. 

Surgical Anatomy 

Most often a craniolateral exposure is used to approach the 
humeral diaphysis. The radial nerve must he identified and 
protected during fracture reduction and stabilization. The 
radial nerve lies superficial to the brachialis muscle and dec p 
to the lateral head of the triceps. The canine humerus has a 
normal cranial to caudal curvature that positions the long 
axis of the marrow cavity cranial to the shoulder joint. This 
facilitates pin placement by ensuring that an IM pin will exit 
cranial to the joint. However, distally the supratrochlear 
foramen is in direct line with the long axis of the marrow 
cavity, which makes distal placement of the IM pin into the 
cancellous bone more difficult. The anatomy of the feline 
humerus is similar to that of the canine. However, there is 
less cranial to caudal curvature, and the diameter of the mar¬ 
row cavity is more uniform. In cats, care must be taken to 
avoid entering the supratrochlear foramen due to the pres¬ 
ence of the median nerve. During the medial approach to 
the humerus, care must be taken to isolate and protect the 
median, musculocutaneous, and ulnar nerves and the 
brachial artery and vein. 


pin to distract the proximal and distal segments and helps to 
regain humeral length. In keeping with the concept of bridg¬ 
ing osteosynthesis, do not disturb the bone fragments in the 
comminuted area. Once spatial alignment of the humerus is 
achieved, the bone plate is attached to the bone with plate 
screws. Leaving the alignment pin in place will provide a 
plate/pin buttress of the fracture. The diameter of the align¬ 
ment pin should equal approximately 50% the diameter of 
the marrow cavity to allow screws to be placed. Bicortical 
screws (screws that engage both cortices) should be used 
proximally and distally when possible and monocortical 
screws used centrally. The plate/pin combination increases 
the strength and fatigue life of the fixation and thus protects 
the plate from premature breakage (Fig, 34-26), The 
plate/pin system can be destabilized between 6 and 8 weeks 
by removing the IM pin. Alternately, if the alignment pin is 
removed, bicortical plate screws may be used. A cancellous 
bone graft can be harvested and placed in the fracture zone 
if soft tissues are not excessively disrupted. 

Preoperative Management 

Before surgery, a spica splint (see p. 823) can be applied to 
increase patient comfort and protect soil tissues from fur¬ 
ther injury induced by bone fragments. Because these frac¬ 
tures result from trauma, all affected animals should be ex¬ 
amined for concurrent injury and stabilized if necessary 
before surgery. Analgesics should be provided to animals 
that appear to be in pain (Table 34-5). 


NOTE * Be sure to identify and protect the major 
nerves during surgical approaches to the humerus. 


Positioning 

For the craniolateral approach to the humerus, the animal is 
positioned in lateral recumbency with the affected leg up. 
For the medial approach to the humerus, the animal is posi¬ 
tioned in dorsal recumbency. A hanging-leg preparation fa¬ 
cilitates limb manipulation during surgery. The limb should 
be prepped from the dorsal mid line to the carpus. If the frac¬ 
ture location permits, the proximal humerus may be used as 
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TABLE 34-5 


* 


Orthopedic Pain Management 


Preoperative 

* As dictated by current or anticipated pain 

* Morphine: 0.4 mg/kg every 4-6 hours, or 

* Transdermal fentanyl patch (see Table 33-3), or 

* ButorpHanoi: 0.2-0,4 mg/kg 

Intraoperative 

* Balanced anesthesia, including epidural analgesia 

Postoperative 

* Morphine: 0.4 mg/kg every 4-6 hours as needed for 
24 hours, or 

* Butorphanol: 0.2-0,4 mg/kg every 2-4 hours as needed 

* Carprofen: 2.2 mg/kg twice daily for 3-7 days 

* Etodolac; 10-15 mg/kg once doily for 3-7 days 


* 
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FIG 34-26 


Application of plate/pin combination for stabilization of 
comminuted humeral fracture. The intramedullary pin 
reduces cyclic bending stress n the bone plate. 
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humerus . Incise the subcutaneous fat and brachial fascia 

along the same 
cephalic vein (Fig. 34-27 , Bb The cephalic vein may be lig¬ 
ated if necessary to achieve the desired exposure. Incise the 
brachial fascia along the border of the brachiocephalicus 
muscle and the lateral head o f the triceps . Us e cautio n when 
incising the fascia along the cranial border of the triceps 
overlying the brachial is muscle until the radial nerve is vis u - 
lized (Fig. 34-27, Cj. Once the nerve is isolated, reflect the 
brachiocephalicus and superficial pectoral muscles cranially 

and the brachial is muscle caudally to expose the proximal 
and central humeral shaft (Fig. 34-27 \ 7b gain 


donor site for cancellous bone graft. If not, the ipsi lateral 
ilial w in g sh on Id b e p re p ared to r s u rge ry. 


a 


line, being careful to isolate and protect the 


SURGICAL TECHNIQUES 

Surgical Approach to the 
Humeral Diaphysis 


The proximal and central humeral diaphysis is most 
exposed through a craniolateral approach* 


■ 


a 


Make o skin incision from the cranial border of the tubercle of 
fta humerus to the lateral epicondyle distally (Fig. 34-27, A). 
The incision should follow the normal curvature of the 
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FIG 34-27 

A, To expose the midhumeral diaphysis, make a 
the humeral tubercle to the lateral epicondyle distally. B, Incise subcutaneous fat and 
brachial fascia along the same line, being careful to isolate and protect the cephalic vein 
Visualize the radial nerve when incising fascia along the cranial border of the triceps 
overlying the brachlalis muscle. D, Retract the brachiocephalicus muscle cranially and the 

brachlalis muscle caudally to expose the humerus. 




skin incision from the cranial border of 
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exposure of the distal humeral shaft, reflect the brachial is 


Suture the remaining deep fascia f subcutaneous tissue, and 


muscle eranially and the lateral triceps muscle caudally, Re 


skin routinely. 


lease the origin of the extensor carpi radial is muscle from the 


Stabilization of Midshaft Transverse 


ridge of the lateral epicondyle for maximum exposure. Jo 


or Short Oblique Fractures 


close, suture the brachiocephalicus muscle and superficial 


pectoral muscles to the fascia of the brachial is muscle. Suture 


From a mechanical perspective, this fracture configuration 


the subcutaneous tissue and skin using standard methods. 


allows load sharing between the bone and implant after sur¬ 


gery. Stabilization of a transverse or short oblique fracture 


The distal one half of the humerus is also accessible 


requires rotational and bending support* This 


can 


through a medial exposure and is the choice of some sur- 


achieved with bone plates, an interlocking nail, art IM pin 


geons when a bone plate is used as the fixation method. 


with an external fixator, or an external fixator alone. 


Make an incision from the greater tubercle proximally to the 


Determine final implant choice based 


fracture location 


on 


medial epicondyle disfally Incise the deep brachial fascia 


and patient fracture assessment (Fig. 34-29) 


P 


long the caudal border of the brachiocephalicus muscle [Fig. 


a 


34-28, A } r Take 


distally to preserve and isolate the 


Fixation systems that are useful with a low fracture- 


core 


neu- 


rovascular structures (i 


median, musculocutaneous, and 


assessment score (0 to 3) include a bone plate and screws in- 


e. 


ulnar nerves and brachial artery and vein) (Fig. 34-28 f Bj. 


serted to function as a compression plate, 


interlocking 


an 


Reflect the brachiocephalicus muscle 


cranially and incise 


nail, and a 6-pin Type lb external skeletal fixator with raised- 


through the insertion of the superficial pectoral muscle. Forex 


th readed lransfixalion pins "tied in” with an 1M pin. With a 


posure of the mid portion of the humerus , reflect the superficial 


moderate fracture-assessment score (4 to 7) a compression 


pectoral muscle cranially and the biceps brachii and 


plate, an interlocking nail 


or an IM pin tied in with a 3-pin 


neu- 


■5 


rovascular structures caudally (Fig. 34-28, C ). For exposure of 


Type lb external skeletal fixator would be functional 


the distal humerus, reflect the biceps brachii, neurovascular 


Che transfixation pins can be a combination of smooth, 


structures, and superficial pectoral muscle cranially : To close f 


negative-profile, and raised-threaded pins, depending on tfe 


suture the superficial pectoral to the brachiocephalicus fascia. 


length of time the fixator must stay in place. Transverse or 
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pectoralis muscle 
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reflected caudally 


FIG 34-28 


A, To expose the medio! surface of the distal third of the humerus, incise deep brachial 
fascia along the caudal border of the brachiocephalicus muscle. B, At the distal aspect, 

to preserve and isolate the median, musculocutaneous, and ulnar nerves and 
brachial artery and vein. C, Reflect the biceps brachii and neurovascular structures 
caudally and the superficial pectoral muscle crani 


take 
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Chapter 34 Management of Specific Fractures 


Additional support to the IM pin is then supplied by an 
external skeletal fixator, with or without a tie-in to the IM 

. With a moderate fracture-assessment score (4 to 7) a 

neutralization plate, interlocking nail 
cerclage wire for inteFragmentary compression combined 
with a 2-pin Type la external skeletal fixator may be used. 
The transfixation pins should have a raised thread or have 

negative thread profile. With a high fracture-assessment 

score (8 to 10) an IM pin combined with cerclage wire for 
interfragment ary compression is a useful method to stabi- 


short oblique fractures are common in puppies and Kittens 
because their owners often step on them. These patients have 
a high fracture-assessment score (8 to 10) and can be 
lized with an IM pin with a 2-pin lype la external skeletal 


IM pin plus 


, or an 


Stabilization of Midshaft Long Oblique 
Fractures or Comminuted Fractures 
with Large Butterfly Fragment 

From a mechanical perspective, these fractures can be reduced 
and mterfr agmen tary compression applied with cerclage wire 
or lag screws. Once the interfragmentary fracture lines are re¬ 
duced and compressed, the bone is able to share the loads with 
the implant postoperatively. Stabilization of this fracture 
figuration requires 

This can be achieved with bone plates, IM pins/cerclage 
wire/external fixator combinations, and interlocking nail or 
IM pin and cerclage wire (Fig. 34-31), Fixation systems 
are useful with a low fracture-assessment score (0 to 3) are 
neutralization plates, interlocking nails, and external fixators. 

Achieve interfragmentary compression Initially with wire or 
compression screws to reconstruct the cylinder oi bone, and 
fhen bridge the area with o bone phfe. Alternatively 
interlocking nod or /M pin with infer fragmentary com pres 

sion applied with cerclage wire , 


a 


Stabilization of Midshaft Comminuted 
Fractures with Multiple Fragments 


con- 


From a mechanical perspective, these fractures cannot be 
reduced without significant soft tissue manipulation, and 
load sharing occurs between the implant and hone until 
biologic callus forms to provide support. These types of 
fractures need rigid axial, rotational, and bending support, 

will be imposed on the implant 


axial, rotational, and bending support. 


no 


Very high stresses 
connection to the bone, ft the biologic assessment is favor¬ 
able, the imposed stresses will be of short duration, reduc¬ 
ing the likelihood of implant failure. II the biologic assess¬ 
ment is not favorable, however, imposed stresses will act on 
the implant for an extended period, making implant failure 

more likely. 


n 
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1. 


use an 
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FIG 34-29 

Recommended methods of stabilizing transverse or short oblique humeral fractures based 
fracture-assessment score. If fracture-assessment score is 0 to 3,, a compression plate, 
external skeletal fixator plus IM pin (tie-in configuration), or interlocking nail may be used, 

IF fracture-assessment score is 4 to 7, an interlocking naii ar an external skeletal fixator with 
IM pin and cerclage wire may be used. With Fracture-assessment scores of 8 to 10, an 
external skeletal fixator plus IM pin provides necessary stability. 
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Enhance the biologic response by not attempting to reduce 
the fragments (bridging osteosynthesis), and insert 
ganous cancellous bone grail when appropriate , 


or la external skeletal frxator/pin tie-in combination (fig. 

34-32), 


on auto- 


Manage patients with cj low fracture-assessment score f 0 to 

a bone plate/pin combination, an interlocking nail , 
a rigid Type lb external skeletal fixator tied in to an M pin, 
or a 

Use transfixation pins that have a raised thread, and apply 

at least three pins above and two pins below the area of 
comminution. 




Stabilization can be achieved with a bone plate/pin com¬ 
bination, a bone plate alone (lengthening plate, broad plate), 
interlocking nail (if the fracture is midshaft), or a Type lb 


modified Type tb external skeletal fixator (Fig, 34-33) 




-v -■ 




It ts always better to err on the side of too much rigidity || 
than too little rigidity since the fixator can be destabilized 
pos Imperatively. 

Manage patients with a moderate fracture-assessment score 

a bone plate functioning as a buttress plate 
(lengthening plate or broad plate) or an interlocking nail fl 
Apply the plate to the cranial medial or lateral surface , de* | 
pending on the location of the fracture and your preference. 






(4 to 7} with 


An external skeletal fixator, with or without a tie-in to the 


1VI pin, or an interlocking nail may also be used* The choice 


FIG 34-30 


of frame, the number of pins, and the pin design for the ex- 


Craniocaudal radiograph showing positioning of a single 
intramedullary pin with a Type la external fixator for 
stabilization of a transverse humeral fracture in a young 


lernal skeletal fixator depend 


the fracture assessment. A 


on 


patient with this type of fracture would have a high fracture- 


to 10) only when the biologic assessment 


assessment score 8 
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FIG 34-31 


reducible comminuted humeral 


Recommended methods for stabilizing long oblique 
fractures (single large fragment) based on Fracture-assessment score, If fracture-assessment 

0 to 3, a neutralization plate, interlocking nail, or 4-pin externa! skeletal fixator 
plus IM pin [tie-in configuration] and cerclage wires may be used. If fracture-assessment 
score is 4 to 7, a 2-pin external skeletal fixator with IM pin (tie-in configuration) and 
cerclage wire may be used. With fracture-assessment scores of 8 to 10, an IM pin plus 
cerclage wire provides necessary stability. 


or 

















































929 


Chapter 34 Management of Specific Fractures 




Stabilization of supracondylar fractures depends on the 
fracture configuration and patient fracture assessment (Fig, 
34-34), Transverse or short oblique fractures require rota¬ 
tional and bending support, whereas comminuted fractures 
require axial, rotational, and bending support. In patients 
with a low fracture-assessment score (0 to 3) a caudolateral 
plate combined with a caudomedial plate or caudolateral 
plate combined with a medial 1M pin is preferred. The plate 
functions as a compression plate with transverse fractures 

buttress plate with highly fragmented fractures. In 
patients with a moderate fracture-assessment score (4 to 7) 
a medial plate, caudolateral plate, or an !M pin supported 
with an external skeletal fixator is suggested. The external 
skeletal fixator frame, number of pins, and pin design de¬ 
pend on the fracture assessment. 

If the external skeletal fixator must remain in place far 
tended period , use a biplanar 

threaded pins. Tie the IM pin in with the external skeletal fix 
ator to increase rigidity and reduce morbidity if necessary. 


5-month-old animal with a 


is extremely favorable (e.g, T 4- to 
dosed, single-limb ini ury). 

Menage these animals using bridging osteosynthesis with 
M pin, with or without a tie-in to a Type fa or Type lb exter¬ 
nal skeletal fixator. 




an 




The transfrxation pins can be smooth pins or have a neg¬ 
ative thread profile, depending on the amount of time the 
fixator needs to remain in place. 

Stabilization of Supracondylar Fractures 

Supracondylar fractures are usually transverse or short 
oblique fractures. Occasionally a comminuted fracture with 
multiple small fragments will be seen. When comminution 
is present, however, the length of bone involved is usually 
limited to a small area. 


an ex- 
frame wi th en ha n ced 


implant to serve as a buttress 


Bridge the fracture with 

collapse the fracture to resemble a load-sharing transverse 

shorf oblique fracture, if the 
fengffiy and limb length must be preserved, reconstruct the 

o f com m inu ti on wi th an op - 
as a buttress. 


on 


of comminution is 


zone 


or 


If the fracture is transverse and has a high assessment 
(8 to 10), medial and lateral IM pins provide the 


bony co I uni n or bridge the a rea 
propriate implant system serving 


score 

needed sta bill ty to allow for fraoture union. 


s 


FIG 34-32 

Recommended methods for stabilizing nonreducible comminuted humeral fractures (multiple 
fragments) based on fracture-assessment scare. If fracture-assessment score is 0 to 3, a 
plate/rod combination, interlocking naif or 4-pin external skeletal fixator plus IM pin [tie-in 
configuration) may be used. If fracture-assessment score is 4 to 7, a buttress plate or 3-pin 
external skeletal fixator with !M pin (tie-in configuration] may be used. With fracture- 
assessment scores of 8 to 10, a 2-pin external skeletal fixator plus IM pin provides 

necessary stability. 
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FIG 34-33 

Postoperative radiographs. A, Stabilization of comminuted 
fracture with intramedullary pin and plate. B, Fracture healing 
1 2 weeks later. 




FIG 34-34 

Recommended methods for stabilizing supracondylar fractures based on fracture- 
assessment score. If fracture-assessment score is 0 to 3, two plates or a plate/rod 
combination may be used. If fracture-assessment score is 4 to 7, a medial compression 
late or 2-pin external skeletal fixator plus IM pin (tie-in configuration) may be used. With 
racture-assessment scores of 8 to 10, medial and lateral 1M pins may be used to stabilize 
a transverse fracture (not illustrated). 


i 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Additional equipment needed for external fixation includes 
a low-rpm power drill and external fixation damps and baa 
The interlocking nail equipment is needed for nail applica¬ 
tion- Plating equipment and a high-speed drill are necessary 
for application of plates and screws. 


Equipment necessary for pin and wire placement includes 
retractors, bone-holding forceps, reduction forceps, Jacob 
pin chuck, IM pins, Kirschner wires, and orthopedic wire. 
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merits and create small fracture gaps that concentrate strain. 
These factors delay healing and result in long-term cyclic 

stress on the hone plate. 

If the initial implant system has failed, the recommended 

as a com- 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative radiographs should be made to document 
fracture reduction or alignment and implant position. Con¬ 
finement, with activity limited to leash walkings is recom¬ 
mended until there are radiographic signs of bone union. 
Passive flexion and extension of the elbow should be per¬ 
formed to maintain range of motion (Table 34-6), Postoper¬ 
ative evaluations should be scheduled (Table 34-7). Time to 
bone union depends on the patient fracture assessment. IM 

pins and external skeletal fixations should be removed when 
healing occurs; interlocking nails and bone plates are not 
generally removed unless a problem is associated with theii 

presence. 


treatment is application of a bone plate serving 
pression plate or neutralization plate it the fracture configu¬ 
ration allows or application of a plate,'rod construct if a zone 
of comminution must be bridged These systems stabilize 
the fracture while providing patient comfort that allows 
limb use and early physical therapy. 
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Piermattei DL, Flo GL: Handbook of small animal orthopedics and 
fracture treatment, ed 3, Philadelphia, 1997, WB Saunders, 


tures 


PROGNOSIS 


The prognosis depends on the fracture assessment; patients 
with poor assessment arc more prone to complications. Poor 
implant choice relative to the fracture assessment is the most 

common reason 
complication seen in companion animals is premature loos¬ 
ening of the implant (i.e,, loosening and migration of IM 
pins, external skeletal fixator transfixation pins, and cerclage 
wires). Fatigue breakage of bone plates or plate screw pull¬ 
out can occur 

lowed or when length of time to bone union is inaccurately 
assessed. Plate failure is most often noted when reduction 
and stabilization of the zone of comminution with cerclage 

unsuccessful. This may devascularize bone frag- 


for fixation failure. The most common 


when principles of bone plat!tig are not tol- 


HUMERAL EPIPHYSEAL , PHY SEAL 

AND METAPHYSEAL FRACTURES 


wire are 


DEFINITIONS 


t TABLE 34-6 


Epiphyseal fractures and metaphyseal fractures occur at 
the proximal or distal ends of the humerus. Physeal frac¬ 
tures involve the growth plates in immature animals. 


Postoperative Fracture Management: Physical Therapy 


* Heat therapy: 5-10 minutes before passive range of 
motion [ROM] 

* Passive ROM: 5 minutes three times daily slowly to 

point of tolerance; gradually increase 

* Cold therapy: 5-10 minutes after passive ROM 

* Active weigf_ „ 

three times daily; gradually increase duration accord- 

ing to animal's tolerance over time 


SYNONYMS 


3iiy s 

ROM 


Slippage of the proximal or distal growth plate , elbow fracture 


over time 


y: o-1 u rmnujeb umsi pusaive 

ht bearing: slow leash walks for 5 minutes 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Fractures of the proximal humeral metaphysis and epiphysis 
uncommon but occasionally occur in young animals 
through the proximal humeral physis. Fractures through the 
physis may result from minimal external force and exhibit 
only slight displacement. Careful scrutiny of the lateral radi¬ 
ograph and comparison to a radiograph of the contralateral 
limb may be needed to correctly diagnose these fractures. 
Gunshot fractures can cause severe comminution of the 
proximal or distal humerus. Fractures of the distal humeral 
condyle (elbow) are common and include fractures of the 
lateral or medial portions of the condyle, or both, known as 
a T fracture or Y fracture of the condyle. These fractures can 
also occur with comminuted supracondylar fractures. Lat¬ 
eral condylar fractures predominate over medial condylar 


are 


l TABLE 34-7 


Postoperative Fracture Management: Evaluation Schedule 


* 1 week: Phone 

* 2 weeks: Suture removal and physical examination 

* 4 weeks: Phone 

* 6 weeks: Radiographic and physical examination 

* Repeat phone contact and rodiographic/physical ex¬ 
amination every 4-6 weeks until fracture has healed. In¬ 
tervals and duration vary with the fracture-assessment 


scare 


y 
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fractures for two reasons. First, the radial head articulates 
with the lateral portion of the condyle, transmitting weight¬ 
bearing forces primarily through the lateral portion of the 
condyle. Second, the anatomic position of the lateral portion 
of the condyle is eccentric to the bony column, causing 
weight-hearing forces to be transmitted through the weaker 
epicondyloid ridge to the humeral diaphysis. fractures of the 
lateral portion of the condyle 
young, toy-breed dogs that fall or jump from furniture or 
the owner's arms with the elbow extended. When the ani¬ 
mal lands, high loads are transmitted through the radial 
head-lateral condylar axis, resulting in separation of the lat¬ 
eral portion of the condyle. Llie fracture line passes between 
lateral and medial portions of the condyle, crosses the 
physis, and exits through the metaphysis. Because the physis 
is involved, the fracture is classified as a Salter IV fracture 
(see p. 828). Careful evaluation of the craniocaudal radi¬ 
ograph is essential since minimal displacement of the inter¬ 
condylar fracture can occur. Adult animals also sustain lat¬ 
eral condylar fractures through the mechanism described 
above. In spaniel breeds these fractures may occur as a result 
of incomplete ossification between the medial and lateral 
portions of the condyle. I lairline fractures through the can¬ 
cellous bone of the epicondyloid ridge or the intercondylar 
cancellous bone may cause forelimb lameness before the 
fracture is apparent radiographically. 


the fracture is secondary to an automobile accident. Pain 
and crepitus can be elicited with limb manipulation. 

Radiography J 

Craniocaudal and mediolateral radiographs are usually suf¬ 
ficient to make a diagnosis. In spaniels, if a fracture of the in¬ 
tercondylar articular surface is suspected but not evident, 
oblique radiographic views of the elbow are recommended, 
Hairline fractures through cancellous bone ol the epicondy¬ 
loid ridge or intercondylar cancellous bone may cause a 
slight periosteal reaction over the epicondyJar ridge, before 
the fracture line becomes evident radiographically 

Laboratory Findings 

Complete blood count and serum chemistry evaluation 
should be done to assess the status of the animal sustaining 
trauma for anesthesia. Consistent laboratory abnormalities 
are not present. 


frequently diagnosed in 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include ligament injury of the shoul¬ 
der or elbow, scapular fractures, and proximal radial or ulnar 
fractures. 




MEDICAL OR CONSERVATIVE 
MANAGEMENT 


Fractures involving or close to the joint should not be man¬ 
aged with conservative treatment. 


NOTE * Evaluate radiographs carefully to avoid 

missing intercondylar fractures that are minimally 

displaced. 




SURGICAL TREATMENT 


Treatment of humeral metaphyseal and epiphyseal fractures 
depends on the animals age, overall health, and fracture con- 
figu ra t i on. T h e fra ct u re - a ssess m e n t sco re (s ee p. 855} is u sed 
to help determine the rigidity of stabilization needed for [he 
fracture to heal. Surgical treatment of Salter I and II physeal 
fractures consists of anatomic reduction and stabilization 
with Kirschner wires or small pins that are smooth so as not 
to interfere with physeal function. Mechanically the shaped 
the fractured phvseal surfaces and the friction of cancellous 
bone resting on cancellous bone assist in preventing move¬ 
ment of the reduced proximal phvseal fracture. These frac¬ 
tures heal rapidly because they occur in cancellous bone of 
young animals, so smooth implants are generally sufficient. 
In animals that are close to maturity, threaded implants may 
be used to compress the fractured physis. Anatomic reduc¬ 
tion and rigid fixation with a lag screw are critical for optimal 
outcome with Salter IV fractures of the humeral condyle. 




Isolated medial condylar fractures are not common but 
do occur in both immature and mature patients. T or Y frac¬ 
tures of the elbow arc more common and represent an in- 
tracondylar fracture combined with a transverse (T) or 
oblique (Y) fracture through both medial and lateral epi¬ 
condyloid ridges. 

DIAGNOSIS 

Clinical Presentation 

Signalment. Lateral condylar fractures are frequently 
diagnosed in young, toy-breed dogs; however, physeal frac¬ 
tures may occur in any juvenile dog or cat of any breed or sex 
that has open growth plates. Adult animals of any breed or 
sex may sustain a proximal epiphyseal or distal epiphyseal 
(elbow) fracture. Spaniel breeds appear to be predisposed to 
lateral condylar fractures (see above). 

History* Physeal fractures usually result from a fall but 
also maybe caused by automobile accidents. Elbow fractures 
or proximal humeral fractures in adult animals are usually 
associated with vehicular trauma or gunshot wounds. 

Physical Examination Findings 

Most affected animals present with a non-weight-bearing 
lameness. Swelling of the affected limb is usually obvious if 


Preoperative Management 

Patients that have sustained trauma should be stabilized be¬ 
fore anesthesia and fracture treatment. Analgesics maybe in¬ 
dicated to increase patient comfort (see Table 34-5), 

Anesthesia 

A nest h e t i c co ns i de ra t ions fo r p at i e n ts w i t h fra c t u res a re dis- 
cussed on p. 824. I 
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i Surgical Anatomy 

Depending on the severity of injury, the normal anatomy 
and surgical landmarks of this region may be distorted by 
soft tissue bruising and swelling. Starting the surgical dissec¬ 
tion in an area with less swelling or bruising and using bony 
landmarks are helpful. Proximally the greater tubercle and 
acromion of the scapula are readily palpable; distally, the 
medial and lateral epicondyles are easy to identify The 
cephalic vein courses within the subcutaneous tissue along 
the craniolateral surface of the limb. The radial nerve lies be¬ 
neath the lateral head of the triceps near the distal third of 
the humerus. This nerve must be identified as it courses su¬ 
perficial to the brachialis muscle before the brachial is mus¬ 
cle is retiected from tlie humera! diaphysis. To visualize the 
nerve, dissection should be initiated adjacent to the cranial 
edge of the lateral head of the triceps, near the lateral epi- 
condyle. The tissue plane between the brachiocephalicus and 
triceps muscles must be carefully dissected to avoid injury to 
this nerve. When performing an olecranon osteotomy take 
care to avoid the ulnar nerve along the cranial edge of the 
medial head of the triceps muscle. 


deltoid muscle. Appose the fascia of the b each ioceph a I icus 
muscle , then suture subcutaneous tissue and skin. 

Surgical Approach to the Lateral Portion 
of the Humeral Condyle and Epicondyle 

Make a lateral Incision beginning over the distal third of the 
humerus and extending to a point 4 to 5 cm distal to the el¬ 
bow overlying the ulna (Fig. 34-36 , A), Incise the subcuta¬ 
neous tissue to expose the deep brachial fascia . Incise the 
deep fascia along the cranio/ border of the lateral triceps 
muscle and continue this incision across the joint over the ex¬ 
tensors (Fig. 34-36 , B/. Incise the intermuscular septum be¬ 
tween the extensor carpi radial is and the common digital ex¬ 
tensor muscle and continue the incision proximally through 
the periosteal origin of the extensor carpi radial:s muscle 
(Fig. 34-36 t C }. Retract the muscle cranially to expose the 

jo in t caps ule and u n derlying la tera I condyle . For further ex - 
posure of the epicondyle , incise through the anconeus mus¬ 
cle at its origin on the epicondylar ridge (Fig. 34-36, D j. In¬ 
cise the joint capsule with an L -shaped incision to visualize 
the humeral condyle , To close the incision , suture the joint 
capsule with interrupted sutures , and close the intermuscular 
septum with a continuous suture pattern , Suture the origins 
of the external carpi radial is and anconeus muscles together 
with interrupted sutures, and then suture subcutaneous tissue 
and skin, 

Surgical Approach to the Elbow 
via Olecranon Osteotomy 

Moke an incision from the distal third of the humerus to the 
proximal third of the ulna . Center the incision at the level of 
the olecranon process over the caudolateral region of the 
leg . Undermine the subcutaneous tissue such that the caudal 
skin margin can be reflected over the olecranon process to 
expose the medial epicondyle . Laterally free the cranial bor¬ 
der of the lateral head of the triceps near its tendinous in¬ 
sertion at the olecranon (Fig. 34-37, A). Next flex the elbow 

and palpate the ulnar nerve os it courses in the deep fascia 
along the cranial edge of the medial head of the triceps . The 
ner ve shou Id be is ola ted and pro tec ted dbring th e os teo tomy 
procedure , incise the fascia along the cranial border of the 
medial head of the triceps near its insertion at the olecranon. 
Pass a Gigli wire through the lateral fascia/ incision so that 
it exits through the medial fascia/ incision (Fig. 34-37 1 B/ t 
Pull the wire caudally next to the olecronon beneath the ten - 
don o f the triceps (Fig. 34-37 f C). Make sure the ulnar nerve 

is free from the wire and then osteotomize the olecranon 
process with the Gigli wire . Incise and retract the anconeus 
muscle from the lateral and medial epicondylar ridges (Fig, 
34-37 f D), then reflect the olecranon process and triceps 
muscle proximally to visualize the caudal surface of the el¬ 
bow joint. For closure , reduce and stabilize the olecranon 
process with a tension bond wire (see p . 880 ]. Suture the 
border of the triceps to the deep fascia on the medial 
and lateral sides of the leg and close the subcutaneous tissue 
and skin. 










NOTE * To moke identification of landmarks easier, 
begin the surgical dissection proximal or distal to the 
area of bruising. 


Positioning 

The patient is positioned in lateral recumbency for all lateral 
approaches and for olecranon osteotomy. A hanging-leg 
j preparation will facilitate manipulation of the limb during 

1 surgery. The region from just dorsal to the scapula proxi¬ 

mally to the carpus distally should be clipped and prepped 
J for aseptic surgery 


SURGICAL TECHNIQUES 


Surgical Approach 

to the Proximal Epiphysis 

Moke on incision over the craniolateral region of the proxi¬ 
mal humerus / Fig. 34-35 , A). Begin the incision 2 to 3 cm 

proximo/ to the greater tubercle and extend it distally to a 

point near the m ids haft of the humerus. Incise through the 
subcutaneous tissue olong the some line to expose deep fas - 
do along the lateral border of the brachiocephalic us muscle 
and' insertion of the deltoid muscle (Fig. 34-35 , BJ. Elevate 
ana 1 reflect the brachiocephalicus muscle from the cranial 
surface of the bone. Elevate the deltoid muscle and retract it 
caudally to expose the insertions of the teres minor and in¬ 
fraspinatus muscles . Make on incision through the insertions 
of these two muscles to expose the lateral surface of the 
proximal humerus (Fig. 34-35 , Cj. if increased exposure of 
the craniomedial sur face o f the proximal humerus is needed , 
release fae insertion of the superficial pectoral muscle deep 
ra brachiocephalic: us muscle. To close , suture the tendons of 
I the teres minor ond infraspinatus muscles , Then suture the 
j fascia of the superficial pectoral muscle to the fascia of the 
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FIG 34-35 

A, To expose the proximal humerus, make an incision over iIs croniolaterol region. 

B, Expose deep fascia along ihe lateral border of the brachiocephalicus muscle and 
insertion of the deltoid muscle. C, Make an incision through the insertions of the infra¬ 
spinatus and feres minor muscles to expose the lateral surface of the proximal humerus. 

Stabilization of Proximal Epiphyseal 
and Metaphyseal Fractures 

Patients with gunshot injuries or injuries resulting from 
high-velocity motor vehicle accidents generally have com¬ 
minuted fractures and significant soft tissue injury 




pin. The combination of implant systems (plate/rod, fixa- | 

tor/rod, fixator/ plate) allows greater versatility Low fracture 
assessment indicates a lengthy time to union and dictates 
that transfixation pins used with the external skeletal fixator 
be raised-threaded or combined with smooth pins. 

Repair comminuted fractures with a moderate fracture-ay fl 
sessment score (4 to 7} using a buttress plate or a Type la or 
Type tb external skeletal fixator, with or without an IM pin tie- 
in. Treat patients with a low or moderate fracture 
and a si mple fracture pattern {i. e., fra n s vers e, oh I fq uaj using 
□ compression plate or neutralization plate. A/fernativ 1 
an IM pin combined with cerclage wire and Kirsch 
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In s uch pa tients wrth a lo w fracture - as sess men t sea re (0 to 3), 
consider using a buttress plate , buttress plate/rod construct f 

, or Type ib 
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buttress plate/external skeletal fixator construct , 
external skeletal fixator ; with 




< 


■F 


an IM pin tie-in. 
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T hese fractures may lack intact bone stock proxfinally in 
which to place screws and transfixation pins or to seat an IM 
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Chapter 34 Management of Specific Fractures 
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FIG 34-36 

A, To expose the distal humeral condyle, make a lateral incision over the distal third of the 
humerus, extending 4 to 5 cm distal to the elbow joint, B, Incise the deep fascia to 

expose the extensor muscles, C, Incise the intermuscular septum between the extensor carpi 
radialis and common digital extensor muscles. Continue the incision proximaily through 
the periosteal origin of the extensor carpi radialis muscle, D, Retract the muscle cranially to 
expose the joint capsule and underlying humeral condyle. For further exposure of the 
epicondyle, incise through the anconeus muscle at its origin on the epicondylar ridge. 




Enter the pin into the bone proximaily at the greater tuber- 

it distocaudally to cross the fracture line 
and seat in the caudal metaphysis. tf closed reduction is 
not possible, perform open reduction and pin stabilization 

(Fig. 34-38 J. 




wire (in an oblique fracture) and supported with a Type la 
extremal skeletal fixator 




* 


Stabilization of Proximal Physeal Fractures 

Salter I physeal fractures of the proximal humerus may be 
dosed reduced and stabilized with diverging Kir schner wires 
or small Steinmann pins if adequate reduction can be 
ach ie ved. 


Salter III fractures of the proximal physis are also stabi¬ 
lized with divergent Kirschner wires. 
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FIG 34*37 

A, For osteotomy of the olecranon, free the cranial border of the triceps lateral head 
near its tendinous insertion at the olecranon, B, Pass a Gigli wire through a lateral fascia) 
incision to exit through a medial foscial incision. C, Pull the wire cauda 
olecranon beneath the triceps tendon, D, Incise and retract the anconeus muscle from the 
lateral and medial epicondytar ridges. 


next to the 


y 


f 






c 


Attach the humeral head to the proximal humerus with two 
Kirschner wires f then reduce the greater tubercle and 
it to the humerus with two Kirschner 


screws and Kirschner wires or small pins is an alternative 
(Cook et al, 1999). In adults, stabilization is best attained 
with an intercondylar lag screw combined with a pin bridg¬ 
ing the fracture of the epicondyloid crest (Table 34-8), 


t, 
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secure 
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Stabilization of Lateral or Medial 
Condylar Fractures 

Condylar fractures are usually stabilized after open reduc¬ 
tion and inspection of the joint reconstruction. Fluoroscop- 
icaliv guided closed reduction with internal fixation w 


In older patients and those with injury 


or c/isease of anofflS I 
use a compression plate placed across the epicondy j 
Id d cres f Ach /eve in ter condylar co m press ion in one of fw , 
ways; {I) place a partially threaded cancellous bone sc,new J 
such that the smooth shaft of th 
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tf 


limb , 
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la 


e screw crosses 















































FIG 34-38 

Stabilize a proximal humeral physeal fracture with two 
Kirschner wires or small Steinmann pins* 


M TABLE 34-8 


Implant Use According to Fracture-Assessment Score 
(FAS) for Humeral Condylar Fractures 


FAS 4 to 10 

1 Lag screw plus Kirschner wires 

FAS 0 to 3 

* Log screw plus plate 


FIG 34-39 

Postoperative radiographs. A f Stabilization of a Salter IV 
fracture of the lateral portion of the humeral condyle 
lag screw and two Kirschner wires. B, Implants were 
removed 5 months later* Note the lack of callus and 
degenerative joint disease. 


with 


across the fracture 


line and the threads only purchase bone 

plane f or (2) place 
in the /afere/ condyle and a thread hole drilled in the medial 

condyle . 


cortical screw using a glide hole drilled 


Fracture assessment in immature toy-breed dogs with lat¬ 
eral condylar fractures is extremely favorable for rapid bone 
union. Stabilization can be accomplished by intercondylar 
compression with a bone screw and a small pin crossing the 
epioondyloid crest for rotational support. Alternatively, sta- 

can be accomplished with small pins placed at di¬ 
verging angles. If the latter method is chosen, patient selec¬ 
tion is critical; these patients are often hyperactive and 
difficult for the owners to coniine. This, coupled with the 
soft cancellous bone of a young dog, makes premature pin 
migration and displacement of the fracture surface a consid¬ 
eration. 


If a partially threaded cancellous screw is used, the frac¬ 
ture is reduced and held in position with bone-holding for- 
ceps, and a Kirschner wire is placed perpendicular to the 

fracture surface* 


where it will inter- 


fate core not to place the Kirschner wire 
fere with the bone screw. Drill the thread hole for the screw, 
iten measure and tap it Start the thread hole at a point 1 to 
2 mm cranio/ and distal to the lateral epicondyle and exit it 
near the medial epicondyle. Leave the Kirschner wire in place 
/f if is not interfering with normal function of the elbow joint 
[see Fig. 33-68J. if a cortical screw is to be used 

drill the glide hole before reducing the fracture. The 


as a 


Stabilization of T or Y Fractures 
of the Elbow 

These eibow fractures most often result from motor vehicle 
accidents and falls from a significant height. The intercondy¬ 
lar fracture is accompanied by a transverse, oblique, or 
comminuted fracture through the medial and lateral epi- 
condyloid crests. Open reduction is necessary for accurate 
alignment of the intercondylar fracture. The method ot sta¬ 
bilization depends on the patient fracture assessment. Those 
with a iow r score (0 to 3) require an implant system rigid 
enough to resist major weight-bearing loads for an extended 

p er iod. 


screw, 

glide hole may be drilled from the fracture surface to exit at 
the lateml epicondyle or from the lateral epicondyle to exit at 
fte fracture surface „ Reduce the fracture and hold it in posi¬ 
tion with hone "holding forceps and a Kirschner wire placed 
perpendicular to the fracture surface. Place on appropriately 
sized drif/ sleeve 


ive 


led 


ig- 


measure , then tap 
ihe thread ho/e to accept the appropriate screw,. 


in the glide hole and drill 


cfy- 


Addifioml rotational support is achieved by placing a 
Kirschner wire, small pin, or caudal bone plate across the 
lateral epicondyle id crest (Fig. 34-39). 
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when unsuccessful reduction and stabilization of a 
of comminution with cerclage wire (or lag screws) cause 
devascularized bone fragments and small fracture gaps. The 
small gaps are unfavorable for healing and concentrate stress 

small section of the bone plate, resulting in delayed 
healing and long-term cyclic stress on the bone plate. If the 
initial implant system fails, application of a compression 
bone plate or a plate/rod construct is recommended. These 
systems stabilize the fracture and increase patient comfort, 

f 

which in turn optimizes limb use and allows physical therapy 
to begin. Distal physeal fractures generally heal quickly. Fail* 
to reconstruct the joint surface anatomically will result in 
degenerative joint disease. A decreased range of motion of 

r surgery. 


for the intercondylar fracture; affix the 

a plate/rod combination or 


plates 


Use a log 

condyles to the humerus with 

medial and lateral plates (see Fig. 34-34), When a 
plate/rod system is used, place the IM pin in the medio/ po¬ 
sition and place the bone plate caudolateraliy. 


zone 


The condyles may be affixed to the shaft of the humerus 

by using 
crest with a 
condyloid crest. 


plate applied to the caudomedial epicondyloid 
second plate applied to the caudolateral epb 


intermediate fracture* 

screw 
a me- 

or two IM pins . Pass one pin 
through the medial epicondyloid crest , across the fracture 

and into the proximal segment of the humerus; the pin 
will exit the bone near the greater tubercle . Place a second 
pin through the lateral epicondyloid crest and across the 
fracture to exit the metaphysis of the proximal segment of the 

humerus 

fracture-assessment score (8 to IQ), use an intercondylar lag 

and two pins placed as described above. 


For elbow fractures in patients with an 
assessment score (4 to 7), use an intercondylar lag 
ith the condyles affixed to the humeral diaphysis with 


ure 


)\v may occur 


w 


bone plate 


dially applied 


Reference 


plane f 
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duction and internal fixation of fractures of the lateral portion of 
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an d resu 1 ts i n ten d ogs, Ve r 5 u rg 28:315, 1999, 


For elbow fractures in patients with a favorable 


Suggested Reading 


Marceilin-Litile D] et ah Incomplete ossification of the humeral 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


( 


i 




RADIAL AND ULNAR FRACTURES 


Helpful instruments for fracture repair include a batter) 
powered or air-driven drill with a wire-driving attachment, 
self-retaining retractors, and pointed reduction forceps. A 
plating system is required for screws and bone plates. 


: 


■ r - 


i- 


RADIAL AND ULNAR 
DIAPHYSEAL FRACTURES 


1 


c 


POSTOPERATIVE CARE 
AND ASSESSMENT 


s 


DEFINITIONS 


tl 


Radial diaphyseal fractures and ulnar diaphyseal fractures 

are a result of trauma to the forelimb. Open fractures 
(wounds through the skin over the bone) may occur because 
of the sp ars e so ft t is s u e cove r a ge. 


Postoperative radiographs are made to evaluate fracture re¬ 
duction and implant location. It is imperative that the joint 
surface be anatomically aligned. Physical therapy ( i.e., gentle 
flexion and extension of the joints above and below the frac¬ 
ture and muscle massage) enhances use 
maintains flexibility (see Table 34-6). Activity should be re¬ 
stricted to leash walking until the fracture has healed. A 
postoperative reevaluation schedule should be established 

(see Table 34-7). 


n 


E 


of the limb and 




GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


tr 


di 


W 


Fractures of the radius and ulna make up 8.5% to 18% of all 
fractures in dogs and cats (Rudd and Whitehair, 1992).Dia¬ 
physeal fractures are most common and usually involve the 
middle to distal diaphysis of both bones. Because these frao 

is uall y seco n dar v to t r a u m a, the anima I shouId be 
aluated to detect concurrent injuries (e.g., pul- 


N 


PROGNOSIS 


M 


Proximal fractures of the humerus generally heal without 
complication. This is particularly true in young patients with 
physeal fractures because of their favorable healing potential. 
Nevertheless, implants can loosen or break. Either complica¬ 
tion is often caused by poor implant choice relative to the 
fracture-assessment score (see p. 855), Intraarticular frac- 

in postoperative degenerative joint disease. 
Distal fractures of the humerus may have prolonged heal¬ 
ing periods, with the implant subjected to moderate stresses 
for extended periods. Bone resorption and implant loosening 
may eventually result. Fatigue breakage of implants can oc- 

most often noted in patients treated with bone 


m 


Ire 


closely e\ 

monary contusions, pneumothorax, rib fractures, traumatic 

myocarditis). Because of the minimal soft tissue coverage of 

the bone, open fractures are common. 

Toy-breed dogs often fracture the radius and ulna alter 

apparently minimal trauma of jumping or falling. These 

fractures are also associated with a high compli 

Biomechanical instability related to the short oblique nature 

of these fractures, a paucity of metaphyseal vasculature com¬ 
pared with large-breed dogs, and limited surrounding soft 


sp 
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tures may result 
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configuration and fracture-assessment score (Table 34-9). 
Simple or moderately comminuted fractures with large frag¬ 
ments iliat can be anatomically reconstructed to establish the 
bone column are candidates for open reduction and stabi¬ 
lization with internal fixation, external skeletal fixation, or a 
combination of techniques. Severely comminuted fractures 
that cannot be completely reconstructed are candidates for 
dosed reduction and external skeletal fixation or open reduc¬ 
tion and application of a buttress plate and cancellous bone 
autograft (see p, 889). Whether the fracture is open or closed 
is less important than the potential of the fracture to be 
anatomically reconstructed. Advantages and disadvantages of 
open and closed reduction need to be weighed to determine 
the best approach for each individual fracture. The ulna Is 
usually supported indirectly by radial stabilization; however, 
stabilization of the ulna is indicated when doing so will add 

comminuted radial fracture, when additional 
support is needed tor a large dog, and when anatomic reduc¬ 
tion of the radius and ulna is essential to future performance 
of an athlete. Fixation systems applicable to fractures of the 
radial and ulnar diaphysis are casts, intramedullary pins 
(ulna), external skeletal fixation, and plates and screws. 

Application of Casts 

Casts can be applied as the sole method of fixation for stable 
fractures in young dogs or cats w hen the fracture will main¬ 
tain adequate reduction and heal quickly (see p, 859). The 
cast is applied so that it immobilizes the carpus and elbow. 
Although manipulation of the fracture is rarely possible dur¬ 
ing casting, the limb should be positioned with slight carpal 
flexion and varus angulation (Fig. 34-4G). The cast can be 

cast padding, cut longitudinally along the 
medial and lateral surfaces, and taped in position to form a 
“bivalve cast” that can be changed periodically This type of 
cast does not offer as rigid a fixation as a cylinder cast, but it 
is easily changed to allow wound management. 


tissue for the extraosseous vasculature may contribute to the 
high frequency of delayed unions and nonunions. 

DIAGNOSIS 

Clinical Presentation 

Signal merit. Any age, breed, or sex of dog or cat may be 
affected. Young animals sustain vehicular trauma more fre¬ 
quently 

History, Affected animals usually present with a 
non-weight-bearing lameness after trauma. Owners may be 
unaware that trauma occurred. 

Physical Examination Findings 

Because of the traumatic nature of radial and ulnar frac¬ 
tures, the entire animal must be assessed to detect abnor¬ 
malities of other body systems. Palpation of the limb reveals 
swelling, pain, and crepitation. The fracture may be open. 
Affected animals often appear to have abnormal propriocep¬ 
tive responses because they are reluctant to move the limb. 

Radiography 

Qaniocaudai and lateral radiographs of the affected radius 
and ulna (which include the proximal and distal joints) arc 
required to assess the extent of bone and soft tissue injury 
Fractious or extremely painful animals may require sedation 
for radiography after it has been determined that no con¬ 
traindications (shock, hypotension, severe dyspnea) to ad¬ 
ministration of sedatives exist. Thoracic radiography should 
be performed to evaluate pulmonary changes. 


Laboratory Findings 


serum chemistry evaluation 
should be done to evaluate the status of the animal for anes¬ 
thesia and determine if concurrent injury or damage of the 
renal or hepatobiliary systems exists. 


Complete blood count and 


over extra 


DIFFERENTIAL DIAGNOSIS 


Application of Intramedullary Pins 


Animals presenting with radial and ulnar fractures should be 
evaluated to determine whether the fractures result from 
trauma or underlying pathology (e.g., neoplasia, metabolic 
disease). 


1M pins are difficult to use in the radius because of the nar- 

configuration of the radial medullary canal and neces- 

ding the carpal joint to position the pin. Compli- 

the radius 


row 

s i tv of i it v a 

cations associated with 1M pin placement in 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


TABLE 34-9 


Medical treatment of animals with radial and ulnar fractures 


may include analgesics (see Table 34-5) and antibiotics to 
treat open f rac t u res (see Ta b 1 e 33-7). Co n ser vat i ve m a n age - 
ment of radial and ulnar diaphyseal fractures consists of 
splints and casts and is reserved for closed nondisplaced or 
greenstick fractures in immature animals. Cast fixation is 


Decision Making for Open or Closed Reduction 

Open Reduction 

* Displaced fractures 

* Simple fractures 

* Comminuted fractures necessitating cancellous bone 
graft 

Closed Reduction 

* Nondisplaced fractures 

» Comminuted fractures that cannot be anatomically re¬ 
constructed 


F 


appropriate for these fractures because the joint above and 
below the fractured bone (elbow and carpus) can be immo- 


r 


bilked, and they heal rapidly 


e 


SURGICAL TREATMENT 


e 


Ik decision to perform an open or a closed reduction ot ra¬ 
dii] and ulnar diaphyseal fractures is made based on fracture 


ft 
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Warning: toy-breed dogs with radial frac- 


NOTE 

tures treated with IM pins have a high complication 
rate; these fractures should be managed with plate 
Fixation. 


Application of External Skeletal Fixators 

Type la or lb frames. External skeletal fixation (see 
p. 861) is particularly useful for treating a wide variety of ra- 
dial diaphyseal fractures. The stiffness of the fixator can be 
increased in animals with low fracture-assessment scores by 
adding fixation pins and using bilateral and biplanar frames. 
Radial fractures are frequently open, making use of external 
fixation attractive for avoiding invasion of the fracture site 
with metal implants. With open fractures* implant removal 
is desirable after fracture healing and easily accomplished 
with external fixation, A Type la (unilateral external fixation 
splint) is usually applied to the cranial medial surface of the 
radius (Fig, 34-41, A and £)* Applying it to this location 
avoids penetration of the major muscle masses with the fix¬ 
ation pins and decreases the morbidity associated with the 
pins. When a Type lb fixation splint is applied, every effort 
should be nude to locate the fixation pins in areas of bone 
that have minimal muscle coverage, usually the crania! me¬ 
dial and cranial lateral surfaces (Fig, 34-41, C). 




1 


*\v.V 

Tl . . 


mi 


u 


n 


n 


t 


jJ 




i f 


n 




0 


v\ 




NOTE * Construct the fixator to suit the patient and 
the fracture, A lower fracture-assessment score re¬ 
quires a stiffer fixator. M 


B 


FIG 34-40 

Casts are used to stabilize closed, nondisplaced 
radial/ulnar fractures in patients with fracture-assessment 

scores of 8 to 10. A, Full cylinder cast, which immabili 
the elbow and carpus, 3s placed with the limb positioned in 
slight carpal flexion and varus angulation, B, Cast can be 
bivalved ay placing the cast material over multiple layers of 

the lateral and medial aspects, and 


Type II frames. Although penetration of major muscle 
masses Is unavoidable with Type II or bilateral fixation splints, I 

they are often favored because of their increased stiffness. The 

fixation splint 
most proximal 

the central pins placed about 1 to 2 cm from the fracture line, 
Additional pins can be placed when there is adequate bom 
Apply smaller fixation pins to ihe medial or lateral surface of 
the radius to avoid splitting the bone. Type II frames with 
transfixation pins clamped on both bars are placed in the fol¬ 
lowing manner (see p, 861 for general principles of external 
fixation application). The initial transfixation pins should > 
placed in the proximal and distal metaphyses of the radius. 
These pins should be centered in the bone on the medial to 
lateral plane and parallel to the respective joint surfaces. lae 
fracture is reduced by distracting the translation pins men- 
ually, using the weight of the animal in the hanging-limb po¬ 
sition, or w r ith a fracture distr actor placed on the concave it 
of ihe fracture (see p. 893). Open reduction through a limited 
approach may be used to facilitate reconstruction of the bone 

column in single fractures, 4 

Severely comminuted fractures are usually reduced in 
closed manner. The medial and lateral con Electing ban coir 
taming the predetermined number of clamps are applied IQ 
the transfixation pins. A third connecting bar is secured with 


should span the length of the bone, with the 


and distal pins placed in the metaphyses and 


padding, cutting it 
securing it with elastic tape. 


on 


include angulation, distraction, rotation, osteomyelitis, 
delayed union, nonunion, and degenerative joint disease of 
the elbow and carpus. 

An IM pin can be used to align the ulna, stabilize a sim¬ 
ple ulnar fracture, and add support to the primary fixation 

comminuted radial fracture (i.e t> external fixator or 
plate; see pp. 944-946). The IM pin should be introduced 
into the medullary canal from the proximal surface of the 
olecranon and driven in an antegrade manner to the frac¬ 
ture surface. Care should be taken to parallel the lateral 
cortex of the ulna to maintain the pin within the medullary 
canal. Once the fracture is aligned, the pin should be driven 
distally as far as possible without penetrating the cortex. 
The pin is cut below the level of the skin, over the prox¬ 
imal ulna. 


r a 


Hm 


gtm 


fixat 
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FIG 34-41 

Type !a and lb external fixators are used to treat radial fractures in patients with high and 
moderate fracture-assessment scores. A, Sequence for placement of Type I external fixator 

(1) place unilateral fixation pins in proximal and distal 

metaphyses, entering pins from limb's craniomedta! aspect; [2] add connecting bar and 
appropriate number of pin-gripping clamps; {3 and 4) place remaining fixation pins 
through clamps and into bone aiaphysis. B, Anatomic reconstruction of long oblique frac¬ 
ture with cerclage wire restores the bony column and allows load sharing with the external 
fixator. C, Type lb fixator is applied to patients with moderate fracture-assessment scores, 

ative radiographs should be taken to ensure that appropriate 
fracture reduction, pin placement, and joint alignment were 
achieved. Valgus or varus deformities can be corrected by 
loosening the damps and distracting the appropriate side ol 
the limb (see p. 1011)* Mild rotation can be corrected by re¬ 
versing the position of the damps on the appropriate side of 
the pins in the distal fragment* Every effort should be made 
to achieve correct alignment of the limb before the proce¬ 
dure is completed* 


craniomedla! surface of radius: 


on 


three clamps to the transfixation pins on one side of the 
limb. The remaining transfixation pins are placed using the 
guide bar to ensure proper alignment 
damps. At least two pins (preferably three) should be placed 
proximal and distal to the fracture. If the cranial curve ol the 
radius precludes the placement of bilateral transfixation 
pins, unilateral pins can be applied to the diaphysis of the ra- 

). If additional rigidity is necessary, a Type III 
fixation splint should be constructed at this time. Postoper- 


of the pins with the 


dius (Fig. 34-42 






































PART IV Orthopedics 


B 




I 


E 


i 




I 


FIG 34-42 

Sequence for placement of Type If external fixators to treat radial fractures in patients with 
moderate and low fracture-assessment scores. A, Place transfixation pins in the proximal 
and distal metaphyses of the bone parallel to their respective joint surfaces, B, Secure the 
medial and lateral connecting bars containing the predetermined number of clamps to the 
transfixation pins. Secure a third connecting bar with three damps to the transfixation pins 
on one 

bar to ensure proper alignment of the pins with the clamps. Cut each pin before moving 
the guide damp to the next position. E, Cut the excess pin and tighten the clamps, 

F, Because of the cranial curve of the radius, unilateral pins may be used to fill out the 
Type II frame. 


j 


/ 


£ 


side of the limb, C and D, Place the remaining transfixation pins using the guide 
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Positioning 

The limb should be prepared from shoulder to carpus. If 
cancellous hone graft harvest is anticipated, a donor site 
(e.g., proximal humerus) should also be prepared. If closed 
reduction or limited open reduction with external skeletal 
fixation is chosen, positioning the animal with the affected 
leg suspended from the ceiling facilitates visualization of 
correct joint alignment (see p. 25). If open reduction is per¬ 
formed, the animal is also positioned in dorsal recumbency 
and the limb draped out. 


Methyl metfiaery I ate fixators- External fixation with 
fixation pins and methylmethacrylate connecting bars is a 
versatile alternative to the standard external fixation system 
(see p. 867), Fixation pins of any size can be directed at an¬ 
gles that optimize the purchase of good quality bone, with¬ 
out regard for clamp compatibility or uniplanar pin place¬ 
ment. This technique is useful to stabilize distal diaphyseal 
fractures rigidly in toy-breed dogs. 

Application of Bone Plates and Screws 

Bane plates are an excellent method of stabilizing radial and 
ulnar diaphyseal fractures. Plates are usually applied to the 
wide, flat, cranial surface of the radius; however, they are 
equally effective when applied to the medial surface of the 
distal radius. A wide exposure of the fracture and intact bone 
is needed for fracture reconstruction and plate application. 
Plates are applied as compression plates to transverse trac¬ 
er spiral fractures should be recon¬ 
st rue ted and the fracture lines compressed with lag screws. 
The reconstructed fracture is protected with a neutralization 
plate. Comminuted diaphyseal fractures that cannot be 
constructed can he treated by distracting the fracture, re¬ 
aligning the limb, and bridging the fracture with a buttress 
plate. If open reduction of the fractured radius is performed, 
consideration should be given to harvesting autogenous can¬ 
cellous bone to enhance bone healing. The most accessible 
site for cancellous bone harvest is the ip si lateral proximal 
humerus (see p. 895), The ipsiiateral ilium and tibia can also 
he prepared for cancel 1 ous bone harves i . 

SURGICAL TREATMENT 

Preoperative Management 

There m ay b e exten s i ve dam a ge o r loss of t is sue s i n th e area 
of the fracture. Open wounds should be managed initially by 
carefully clipping surrounding hair, cleaning the wound, and 
taking a swab for bacterial culture and susceptibility testing. 
The antebrachium should be temporarily stabilized with a 
Robert iones bandage (see p. 822) to immobilize fragments, 

swelling, protect or prevent 
open wounds, and increase patient comfort until surgery can 
be performed. Perioperative pain management is instituted 

[see Tab!.e 34-5). Concurrent in juries should be managed be¬ 
fore anesthetic induction for fracture fixation. 


SURGICAL TECHNIQUES 


Craniomedial Approach to the Radius 

Palpate the radius directly under the skin and subcutaneous 

the craniomedial surface of the limb , Make on in¬ 
cision through skin and subcutaneous tissue to expose the ra¬ 
dio/ diaphysis. Extend the incision distaily and elevate the 
extensor tendons to expose the cranial surface of the distal 

metaphysis of the radius (Fig. 34-43). 


tures. Long oblique 


Approaches to the Proximal 
and Distal Ulna 

Refer to pp. 949 and 957 for approaches to the proximal and 
distal ulna, respectively. 

Stabilization of Midshaft Transverse 
or Short Oblique Radial Fractures 

From a mechanical perspective, this fracture configuration 
allows load sharing between the bone and implant after sur¬ 
gery. Factors that negatively affect healing include multiple 
limb injuries and a toy-breed dog or a large active patient. 
From a biologic perspective, patient fracture assessment dic¬ 
tates whether the time until union will be lengthy or short. 
With prolonged healing the Implant needs to remain func¬ 
tional for 8 or more weeks. In these cases, implants that pur¬ 
chase bone with threads are desirable; frictional hold im¬ 
plants are adequate for shorter healing periods. 


re- 


Stabilization of a transverse or short oblique fracture 
quires rotational and bending support■; 
externa I fixe to r, or a 


bone plates 

cast Determine the final implant based 
fracture location and patient fracture assessment. 


on 


on 


Useful fixation systems in toy-breed dogs (in which the 
complication rate is high with these fractures) and in ani¬ 
mals with a low fracture-assessment score (0 to 3) include a 
bone plate and screws inserted to function as a compression 
plate and a Type II or HI external skeletal fixator with raised- 
threaded transfixation pins. 


Anesthesia 


Anesthetic management of animals with fractures is dis 


cusse d o [i p, 824. 


Surgical Anatomy 

The craniomedial surface of the radius and the caudal lateral 
surface of the ulna are not covered by muscle and can 


oderate fracture-assessment score (4 to 7) f use a 


With 

compression plate , Type II external skeletal fixator, or Type la 
or lb external skeletal fixator 


eas¬ 
ily palpated to serve as landmarks for location of the inci¬ 
sion. Extensor musdes are located cranial to and flexor mus¬ 
cles caudal to the radius and can be retracted to expose the 
bone. The cephalic vein crosses the medial portion of the 
.hid radi us. The ia ter a I r a dial head is p al pa ble ben ear h the 
eiten >ior muscles of the fo rea r m. 


a m 


The transfixation pins can be a combination of smooth, 
negative-profile, and raised-threaded pins, depending on the 
length of time the fixator must stay in place. 
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Medial 

view 


Pronator teres muscle 


Extensor carpi 


radialis muscle 


' Flexor carpi 
radialis muscle 


Radial artery 


of radius 


and 


superficial 


d i g ita I 


flexor muscle 


FIG 34-43 

For a craniomedial approach to the radial diaphysis, make an incision through skin and 
subcutaneous tissues to expose the radial diaphysis. Retract the extensor carpi radialis 
muscle laterally to expose the diaphysis. 


Stabilize transverse or short oblique fractures in patients 
a high fracture'assessment score (8 to 10) with 
6'pin Type la external skeletal fixator or cast (Fig. 34-44). 

Stabilization of Midshaft Long Oblique 
Radial Fractures or Comminuted Fractures 
with Large Butterfly Fragment 

From a mechanical perspective, these fractures can be reduced 
and interfragmentary compression applied with cerclage wire 
or lag screws. Once the interfragmentary fracture lines are 
duced and compressed, the bone and implant can bear weight 
post opera lively. Factors that negatively affect healing include 
the presence of multiple injuries, a large active patient, and the 
necessity lor open reduction and tissue manipulation to reduce 
and apply interfragmentary compression. If a prolonged heal¬ 
ing period is expected, the implant needs to remain functional 
tor 8 or more weeks; those implants that purchase bone with 
threads are desirable. With shorter healing periods, implants 
that have frictional hold (smooth pins and wire) are adequate* 


with 


cerclage wire/external fixates 


and bone plates 


screws 
combinations. 


or 


a 


Fixation systems that are useful with a low fracture* 

are wire or lag screws to recon¬ 
struct the cylinder of bone and achieve interfragmentary 
compression, supported by neutralization plates or rigid 
Type II or III external skeletal fixators. 


assessment score (0 to 


With a moderate fracture assessment score (4 to 7) 
bine lag screws or cerclage wire for interfragmentary com¬ 
pression with a neutralization plate or Type la, lb f or ll ex¬ 
ternal skeletal fixator. U 


re- 


corn- 


Transfixation pins should have a raised thread ora nega¬ 
tive thread profile. 


•j 


With a high fracture-assessment score (8 to 10), cons? 
combining cerclage wire for interfragmentary compress 

a Type la external skeletal Fixator to stabilize the fnx 1 

turn (Fig. 34-45). flj 




Stabilization of this fracture configuration requires axial , 
rotational , and bending support; achieve this with lag 









945 


Ma 11 age me n t of Sp ec [ft c fractu res 


Chapter 34 


FIG 34-44 


Recommended methods for stabilizing transverse or short oblique radial fractures based 
fracture-assessment score. 


FIG 34-45 


Recommended methods for stabilizing long oblique or comminuted reducible radial frac¬ 
tures based on fracture-assessment score* 
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Stabilization of Midshaft Comminuted 
Radial Fractures with Multiple Fragments 

From a mechanical perspective* these fractures cannot be re¬ 
duced without significant soft tissue manipulation, and no 
load sharing between the implant and bone occurs until bi¬ 
ologic callus forms to provide support. These types of frac¬ 
tures need rigid axial, rotational, and bending support pro¬ 
vided by the implant. Very high stresses will be imposed 
the implant and its connection to the bone. If the biologic 
assessment is favorable, the imposed stresses will be of short 
duration, reducing the likelihood of implant failure. If the 
biologic assessment is not favorable, however, imposed 
stresses will act on the implant for an extended period, and 
implant failure becomes more likely. Enhancing the biologic 
response by not attempting to reduce the fragments (closed 
reduction and bridging osteosynthesis) and by inserting an 
autogenous cancellous bone graft (when appropriate) is rec¬ 
ommended. 


Manage patients with a moderate fracture-assessment score 
(4 to 7) with a bone plate functioning as a buttress plate or 
a Type II or lb externa/ skeletal fixator 


The choice of frame, number of pins, and pin design for 
the external skeletal fixator depend on the fracture assess¬ 
ment. A patient with this type of fracture would have a high 
fracture-assessment score (8 to 10) only when the biologic 
assessment is extremely favorable (e.g., 4- to 5-month-old 
animal with a low-velocity, closed, single-limb injury). 


on 


Consider managing such animals with indirect reduction 
and bridging of the fracture with a Type II or Type lb exter¬ 
nal skeletal fixator. 


The transfixation pins can be smooth or have a negative 
thread profile depending on the amount of time the fixator 
needs to remain in place ( Fig. 34-46), 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Achieve stabilization in patients with low fracture-assessment 
scores (0 to 3) with o bone plate used in a buttress fashion 
or with Type II or tit external skeletal fixation. 


Equipment necessary for pin and wire placement includes 
retractors, bone-holding forceps, reduction forceps, Jacob 
pin chuck, IM pins, Kirschner wires, and orthopedic wire. 
Additional equipment needed for external fixation includes 
a low-rpm power drill and external fixation damps and ban 
or acrylic. Plating equipment and a high-speed drill are nec¬ 
essary fo r app] icat i o n of pi ate s a n d screws. 


The transfixation pins should have a raised thread, and at 
least three pins should be applied above and two pins below 
the area of comminution (or vice versa). It is always better to 
err on the side of too much rigidity rather than too little 
since the fixator can be destabilized postop era lively. 


t 
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FIG 34-46 


Recommended methods for stabilizing comminuted nonreducible radial fractures based 
fractureassessment score. 


on 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


TABLE 34-10 


Postoperative radiographs should be made to document 
fracture reduction or alignment and implant position. Casts 
require intensive m an ageme n t by ow n e r s and frequent e v a I - 
nations by the veterinarian. Abrasions and wounds often are 
caused by pressure from the cast. Management involves re¬ 
moval of the cast or replacement with a bivalve cast and 
wound treatment Early destabilization of the fracture to 
treat wounds can cause delayed unions and nonunions. Af- 
ter internal fixation a soft, padded bandage should be ap- 
Plied for a few days to con t ro 1 s wel ling and to support soft 


Common Errors in Radial and Ulnar Diaphyseal 
Fracture Fixation 


* Intramedullary pin placement through the carpus causes 

degenerative joint disease and loss of function, 

■ Inadequate rotational stabilization for transverse or 
short oblique fractures causes delayed union or 
nonunion, especially in toy breed dogs. 

■ Premature removal of fixation from slowly hea 
radial fractures contributes to the formation of 
nonunions. 

* Valgus deformities after comminuted fracture fixation 
occur because of malalignment with the external fixator. 


distal 


After open reduction with external skeletal fixation, the 
incision should be covered, but the fixation splint may be left 
exposed. Alternatively, gauze sponges are opened and stuffed 
to fill the space between the fixation bar and the skin around 
the pins, then secured in place with a bandage around the 

fixator. Care should be taken to bandage the paw as well dur¬ 
ing the immediate postoperative period to prevent swelling. 
Open wounds should be treated daily with wet to dry dress¬ 
ings until a granulation bed has formed. Wounds are then 
covered with a non adhesive pad and the bandage changed as 
needed. Daily hydrotherapy aids in cleaning open wounds, 
induces postoperative swelling* and cleans pin sites. The an¬ 
imal should be released to the owner with instructions to 

limit exercise and avoid fixator snares. If the external fixator 
bandage is maintained, it should be changed weekly. If a 
bandage is not used, daily hydrotherapy can be administered 
with a hand-held shower massage. Checkups should be 
scheduled at 2 weeks for suture removal and fixator evalua¬ 
tion and every 4 or 6 weeks for radiographic evaluation (see 
Table 34-7). 

Although a rigidly stabilized fracture site is optimal for 
initial bone formation, subsequent bone remodeling is en¬ 
hanced by increasing the load through the fractured bone. 
Removal of one half of a Type lb external fixation splint 
(converting to a Type la frame) or removing selected trans- 
fixation pins from a Type 1 or Type II. splint decreases rigid¬ 
ity of the fixator* allowing more load on the remo 
bone while still protecting the healing fracture. Destabiliza¬ 
tion is usually done at 6 to 8 weeks after surgery* depending 

on the fracture assessment Early bone formation and bridg¬ 
ing of the fracture site should be radiographically evident 
before destabilization is done. The external fixation splint 
an be removed completely when there is rad i ogra p h i c evi - 
thrice of complete bone bridging of the fract ure lines. A sup- 
| port bandage or a splint may be used to protect the healing 
bone for a few weeks after fixator removal. 

After placement of a plate on a diaphyseal fracture, the 
limb should be supported for a few days with a soft padded 
bandage to reduce swelling. The animal will usually be fully 
I weight bearing within 2 to 3 weeks. Confinement is recom¬ 
mended until there are radiographic signs of bone union. 
I Although long-term plate application does not appear to 
have an effect on radial cortical bone density, plate removal 
I is usually recommended after bone union because tissue ir¬ 


ritation and cold sensitivity have been associated with the 
minimal soft tissue coverage over the plate. 


PROGNOSIS 


Complications with radial fractures include malunion, de¬ 
layed union* and nonunion in animals treated with external 
coaptation (Table 34-10). These problems are common in 
toy-breed dogs sustaining fractures of the distal radial and 
ulnar diaphyses that have been inadequately stabilized. 
Treatment involves open reduction and application of a 
bone plate and cancellous bone autograft. Complications af¬ 
ter open reduction include osteomyelitis, implant migration 
and irritation of soft tissues, malunion, delayed union, and 
nonunion. Complications encountered with external fixa¬ 
tion of the radius include pin loosening and pin tract 

drainage; usually* neither problem is severe enough to war¬ 
rant pin removal until the fracture has healed. Rarely, severe 
hemorrhage occurs from the medial exit hole of a proximal 
pin after the pin has eroded through an artery. Removal of 
the pin, with ligation of the vessel in some cases, is necessary 

to control hemorrhage. 


s 


:s 
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dogs often have abnormal 


for nerves in the immediate area 
proprioceptive responses because they are reluctant to move 

the limb. 


GM: Acrylic external skeletal fixa¬ 
tion of fractures, Com pend Cotit Educ Pract Vfef 13:235, 199L 
Wallace MK ct al: Mechanical evaluation of three methods of plat¬ 
ing distal radial osteotomies, Vet Sufg 
Waters DJ, Breur GJ, Toombs JP: Treatment of common 

fractures in miniature and toy breed dogs, / Am Anim Hasp Assoc 

29:442, 1993. 

Welch JA, Boudrieau RJ, Dejardin LM, Spodnick GJ: The in¬ 
traosseous blood supply of the canine radius: implications tor 

healing of distal fractures in 


JL, Constant!nesai 


To m t i n so n 


21:99, 1992. 


Radiography 

Cranio caudal and lateral radiographs of the affected radius 
and ulna (which include the proximal and distal joints! arc 

the extent of bone and soft tissue injury. 


fo rel i m b 


required to assess 
Animals that are tractions or in extreme pain may require se¬ 
dation for radiography after it has been determined that no 
contraindications (shock, hypotension, severe dyspnea) to 
administration of sedatives exist. 


smal 1 dogs, Vet Surg 26:57, 


Thoracic radiography 


RADIAL AND ULNAR METAPHYSEAL 
AND EPIPHYSEAL FRACTURES 


should be performed to evaluate pulmonary changes. 


Laboratory Findings 

Complete blood count and serum 
should be done to evaluate the advisability of anesthesia and 

to determine if concurrent injury or damage of the renal or 

hepatobiliary system is present. 


chemistry evaluation 


DEFINITIONS 


Metaphyseal fractures and epiphyseal fractures 
trabecular bone. Articular fractures disrupt the joint sur¬ 
face, A Monteggia fracture is a fracture of the ulna coupled 

with a dislocation of the radial head. 


occur in 


DIFFERENTIAL DIAGNOSIS 


with distal radial fractures should he 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Animals presenting 

evaluated to determine whether fractures are caused by 


neoplasia, metabolic 


trauma or underlying pathology (e 
disease). Joint luxations can be differentiated from fractures 


singularly or in 


Fracture of the proximal ulna may occur 
combination with luxation of the radial head (Monteggia 
fracture). The fracture may involve the articular surface of 
the trochlear notch. The puli of the triceps muscle displaces 
the proximal segment of the ulna and must be neutralized by 

internal fixation to achieve bone union. 

Fractures of the proximal radius are rare because the 

well protected by surrounding musculature. 


radiographically. 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


Medical treatment of animals with radial and ulnar metaphy¬ 
seal and epiphyseal fractures may include analgesics (see Table 
34-5) and antibiotics to treat open fractures (see Table 33-7). 


ra¬ 


dial head is 

Fractures of the distal radius may be extraarticular or in- 
traartieular. Intraarticular fractures usually disrupt the me¬ 
dial epicondyle and result in loss of ligamentous support for 
the carpus. The ligamentous attachment on the 

displacement of the fragment that must be neutral 


SURGICAL TREATMENT 


Proximal ulnar fractures require implant systems that resist 
the pull of the triceps muscle. Appropriate implants in¬ 
clude tension band wire techniques and plates 
Fracture-assessment scores will help determine which im¬ 
plants to use (see p. 855). 


ep ico n dyl e 


screws 


causes 

ized with internal fixation. Fractures of the styloid process of 
the ulna cause similar disruptions to the lateral aspect ot the 


carpus. 


Preoperative Management 

There may be extensive damage or loss of tissues in the area 

of the fracture. Open wounds should be managed initially 

by carefully clipping surrounding hair, cleaning the wound. 
and sampling deep tissues for microbial culture and suscep¬ 
tibility testing. The antebrachium should be temporarily 
stabilized with a Robert Jones bandage (see p, 822) to de¬ 
mobilize fragments, decrease or prevent soft tissue swelling, 
protect or prevent open wounds, and increase patient com- 

can be performed. Perioperative pain 

Table 34-5) and con- 


DIAGNOSIS 

Clinical Presentation 

Signalment. Any age, breed, or sex ot dog or cat may be 
affected. Young animals more 
trauma. 

History. Affected animals usually present with 
weight-bearing lameness after trauma. Owners may be 


: frequently sustain vehicular 


a 


non 

u na wa re t h a 11 raum a oc c u r red. 


fort until surgery 


Physical Examination Findings 

Because of the traumatic nature o! this injury, the entire an¬ 
imal must be assessed to detect abnormalities of other body 
systems. Palpation of the limb reveals swelling, pain, crepita¬ 
tion, and apparent instability of the adjacent joint. Deglov- 
ing injuries of the carpus (see p. 1089) may be associated 
with fractures of the distal radius. Although there are no ma- 


management should be instituted ( 
current injuries managed before anesthetic induction for 

fracture fixation. 


Anesthesia 

Refer to p. 
frac t u re s. 




824 for anesthetic management of animals wid, 
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Surgical Anatomy 

landmarks for the approach to the proximal ulna are the 
olecranon and the palpable caudal border of the ulna. The 
articular surface of the trochlear notch can be exposed sur¬ 
gically by muscle elevation. The ulnar nerve courses over the 
medial aspect of the elbow, caudal to the medial epieondyle. 
The antebrachial carpal joint is supported by the short radial 
collateral ligaments, which arise from the medial styloid 
process of the radius, the dorsal radiocarpal ligament arising 
from the dorsal surface of the distal radius, and die short nU 
collateral and radioulnar ligaments arising from the ul¬ 
nar styloid process. The extensor tendons lie cranial to the 
antebrachial carpal joint and may need to he retracted to ex- 


Avoid the ulnar nerve during surgical ap¬ 
proaches to fhe ulna. 


SURGICAL TECHNIQUES 

Caudal Approach to the Ulna 


Palpate the caudal border of the ulna directly under the skin 
and subcutaneous tissue on the caudal surface of the limb . 
Make an incision through skin and subcutaneous tissues 
long the ulnar diaphysis (Fig. 34-47, A). Elevate the flexor 
carpi ulnaris and deep digital flexor muscles medially and 
the ulnaris lateralis muscle laterally to expose the bone sur¬ 
face (Fig, 34-47, BJ. Reflect the origin of the flexor carpi ul¬ 
naris muscle to expose the trochlear notch (Fig. 34-47 , CJ. 


a 


pose the joint surface. 


Positioning 


The limb should be prepped from shoulder to carpus. If can¬ 
cellous bone graft harvest is anticipated, a 
also be prepped 

benev and the limb draped out for 
fractures. Placing the animal in dorsal recumbency allows 

distal radial and ulnar fractures. 


Approaches to the Proximal and Distal 
Radius and Ulna 

Refer to p. 953 under radial physeal fractures for approaches 
to the proximal radius and pp. 943 and 957 for approaches to 
the distal radius and ulna, and extend the approach distally 


donor site should 


positioned in lateral recum- 


. The animal is 


proximal radial and ulnar 


more flexibility in visualizing 


Lateral 
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of humerus 
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FIG 34-47 


an incision through skin and 
B, Elevate the flexor carpi ulnaris and 


ulna, make 
ulna. 


A, For a caudal approach to the proximo 

subculaneous tissues over the coudoproximal 
deep digital Flexor muscles to expose the bone surface, C, Reflect the origin of the flexor 

carpi ulnaris muscle to expose the trochlear notch. 
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Tension 
band plate 


A 






Buttress 


/ 


FIG 34-48 

Fractures (or osteotomies) of the olecranon can be treated 
with a tension bond wire technique. 

Stabilization of Proximal Radial 

and Ulna Fractures 

If the fracture-assessment score is 8 to 10, pins 
usually sufficient to stabilize the fracture* Extrasrticular frac- 

r 

tures of the proximal and distal radius can often he stabilized 
with crossed Kirschner wires or small intramedullary pins in 
animals with fracture-assessment scores of 4 to 7. Severely 
comminuted, open fractures of the proximal ulna or frac¬ 
tures in dogs with anticipated prolonged healing times 
(fracture-assessment scores of 0 to 3) should be stabilized 
with plates and screws (buttress plate). Articular fractures 
must be anatomically reduced and stabilized with tension 
band wires, lag screws, or a compression plate (tension band 
plate) to restore joint continuity and function and limit de¬ 
velopment of degenerative joint disease. 


wires are 


FIG 34-49 

A, Transverse articular fractures should be anatomically 
reduced and stabilized with a compression plate in patients 
with moderate or low fracture-assessment scores. B, Severely 
comminuted fractures are bridged with a buttress plate. 


TABLE 34-11 


Implant Use for Distal Radial and Ulnar Fractures 
According to Fracture-Assessment Score (FAS) 


To place o fens/on band wire , reduce the fracture (proximal 
ulna , styloid process of ulna , medial epicondyie of radius) 
and start two Kirschner wires in the fragment \ Drive the wires 
across the fracture line to lodge In the major hone segment , 
Place a transverse drill hole in the major hone segment , pass 
figure-eight wire through the hole and around the 
Kirschner wires 


FAS 0 to 3 

• Lag screw 

FAS 4 to 7 

• Lag screw 

• Tension band wire 


a 


and tighten (Fig. 34-48), 


FAS 8 to !0 

* Tension band wire 


Bone plates are an excellent method of stabilizing proxi¬ 
mal ulnar fractures (see p. 880), 

Apply the plate to the caudal surface to function as a tension 
band plate , compressing the fracture (Fig. 34-49 f A). In 

some comminuted fractures , apply the plate to either the cau¬ 
dal or the lateral surface of the proximal ulna to function as 

buttress plate (Fig. 34*49, h). _ 

Stabilization of Distal Radial 

and Ulnar Fractures 

Distal radial and ulnar fractures can be stabilized with a lag 
screw or tension band wire 
and B). 


To place a fully threaded cortical or cancellous lag screw 
dace the fracture and hold it in place with a Kirschner win. 
Drill a gliding hole (equal to the diameter of the threads on 
the screw) in the epicondylar fragment (see p, 884 J* Insert a 
drill sleeve into the 

(eq ual to th e core di a meter of th e sc re wj a cross the radius. 
M eas ure and tap the hole , then select and place the appro r 

priate length screw in it. 

Compression of the fracture should occur 
wire may be left to provide rotational stability. 


r&* 


drill a smaller fiofe 


gliding hole , and 


a 


. The Kirschner 


(Table 34-11 and Fig, 34-50 
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ABLE 34-12 


Common Errors in Radial and Ulnar Metaphyseal 
and Epiphyseal Fracture Fixation 


* Failure to reduce a joint surface anatomically results in 
degenerative joint disease and loss of Function, 

* Using only one fixation pin for a tension band wire 
gives inadequate rotational stabilization and can result 
in nonunion in animals with low fracture-assessment 
scores. 


ings until a granulation bed has formed. The wounds are then 
covered with a non adhesive pad, and the bandage is changed 
as needed. Daily hydrotherapy aids in cleaning open wounds 
and reducing postoperative swelling. The animal should be re¬ 
leased to the owner with instructions to limit exercise until ra¬ 
diographic evidence of hone healing is apparent. Rechecks 
should be scheduled at 2 weeks for suture removal and every 
4 or 6 weeks for radiographic evaluation (see Table 34-7), Im¬ 
plant removal may be necessary after bone healing if the 
plants interfere with or irritate soft tissues. 


lm- 


PROGNOS15 


The prognosis for bone healing depends on the mechanical 
and biologic factors present in each animal and rhc stability of 
the fixation. In general, trabecular bone heals quickly with 
minimal callus formation (see p. 837), although comminuted 
proximal ulnar fractures may requi re long healing periods. De¬ 
generative joint disease may occur after articular fractures and 
may be severe if anatomic reduction and rigid fixation of the 
fracture are not achieved (Table 34-12). Degenerative joint dis¬ 
ease is initially treated with conservative management, inelud- 
ing rest, j udicious exercise, and non steroidal antiinflammatory 
drugs ( NSAIDs), Arthrodesis may be used to treat dogs with 
progressive instability, lameness, and pain that are unrespon¬ 
sive to medical management. Delayed union and nonunion 
can occur if the fracture is not adequately stabilized. The con¬ 
stant tensile stress exerted on the fracture line from the pull of 
the triceps muscle or collateral ligaments can cause nonunion. 
Treatment consists of rigid fixation with a tension band or lag 
screw and autogenous cancellous bone graft. 


FIG 34-50 

A, Fractures of the styloid processes can be stabilized with 
tension band wire in patients with high and moderate 
fracture-assessment scores, Intraarticular fractures must be 
anatomically reduced and rigidly stabilized. B, Lag screws 
are used in patients with moderate and low fracture- 
assessment scores. Kirschner wire is used as an 

anti rotation a I im 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Plating equipment is necessary for plate and lag screws. 
Other equipment needed for the procedures described here 
includes a high-speed power drill, Kirschner wires, IM pins, 
orthopedic wire, and reduction forceps. 


Suggested Reading 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Muir P, Johnson KA: Fractures of the proximal ulna in dogs, Vet 
Comp Orthop Traumatol 9:88, 1996. 


Postoperative radiographs should be made to document ffac- 
turu reduction or alignment and implant position. Postopera¬ 
tive pain management may be indicated (see Table 
.Mo). After internal fixation a soft padded bandage shot ild be 
applied tor a few days to control swelling and support soft tis¬ 
sues. Physical therapy (range of motion exercises lor 10 to 15 
minutes two or three times daily) is indicated to help restore 
joint function (see Table 34-6), Alternatively, if over activity is 
a concern, a splint may be applied to support the fixation for 
6 weeks. Open wounds are treated daily with wet to dry dress- 


e. 


>n 


RADIAL AND ULNAR 
PHYSEAL FRACTURES 


a 


tie 




o- 


DEFINITIONS 


Physeal fractures may occur through the cartilaginous 
growth plates of the proximal or distal radi us or ulna in im¬ 
mature animals. 
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SYNONYMS 


required to diagnose Salter 1 to Salter IV fractures. Animals 
that are fractious or in extreme pain may require sedation 
for radiography after it has been determined that no con¬ 
traindications (shock, hypotension, severe dyspnea) to ad’ 
ministration of sedatives exist. Thoracic radiography 
should be performed to evaluate pulmonary changes* Ra¬ 
diographs made at the time of injury do not give informa- 
tion about Salter V fractures (e.g., crushing injuries to ph¬ 
ysis) or damage to the physeal blood supply. It is therefore 
difficult to give an accurate prognosis for growth at the 

time of injury. 


Ep;pi}yseaI plate fractures, slipped physis 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


The cartilaginous physis is weaker than surrounding bone and 
ligaments, making El more susceptible to injury. The weakest 
portion of the phvsis is the junction of the zone of hypertro¬ 
phy! ng cells with the zone of ossification. The zone of hyper¬ 
trophy! ng cells has a large cell/matrix ratio, which results in a 
rel at ively weak stracture. Additiona 11 y> stress concentration is 
created when two areas of different mechanical properties 
(weak hypertrophying zone and stronger zone of ossification) 
are located adjacent to each other. Consequently, when a ph¬ 
ysis is fractured, the separation should occur through the zone 
of hypertrophying cells. A fracture in this location does not af¬ 
fect proliferating cells and will not compromise potential 
growth. However, when severe trauma causes physeal frac¬ 
tures, the fracture line can occur anywhere within the physis 
and damage growing cells. Trauma resulting in compression 
of the zone of proliferating cells and destruction of the chon¬ 
drocytes causes premature physeal closure. This often results 
from trauma to the V-shaped distal ulnar physis in dogs, and 
trauma that would normally result in physeal separation in¬ 
stead compresses the z.one of growing cells. 

Fractures of the proximal and distal radial physis are usu¬ 
ally radiographically classified as Salter-1 (arris Types 1 and II 
(see p. 828). Occult Type V fractures of the radial physes can 
occur and are diagnosed after closure of the physis and al¬ 
teration of forelimb growth have occurred. The most com¬ 
mon fracture of the distal ulnar physis is the Salter-Harris 
Type V, which is caused by trauma and may be associated 
with a radial fracture. Because they are non displaced and 
confined to the cartilage, these fractures are not visible radi¬ 
ographically until 2 to 3 weeks after trauma when premature 
closure of the physis is observed (see also p, 955). 


NOTE * Compare radiographs of the contralateral 
bone to detect subtle changes in the physis. 


Laboratory Findings 

Complete blood count and serum chemistry evaluation 
should be done to evaluate the status of the animal for anes¬ 
thesia and determine if there is damage to the renal or hepa¬ 
tobiliary systems. 


DIFFERENTIAL DIAGNOSIS 


Physeal fractures can be differentiated from joint luxations 
or soft tissue trauma radiographically. 


MEDICAL MANAGEMENT 


Med ica I treatmen t of an i m a 1 s with radial and ulnar physeaI 
fractures may include analgesics (see 'lable 34-5) and antibi¬ 
otics to treat open fractures. 


SURGICAL TREATMENT 


Most physeal fractures are classified as having assessment 
scores of 8 to 10 because affected animals are young and 
physeal fractures heal quickly (see p. 855). Therefore the Im¬ 
plant system chosen need not function for a long time, 
Nondisplaced radial physeal fractures maybe adequately sta¬ 
bilized with a cast. Surgical treatment of displaced physeal 
fractures consists of anatomic reduction and stabilization 
with Kirs diner wires or small pins that are smooth so as not 
to interfere with physeal function. In animals that are dose 
to maturity, threaded implants may be used to compress the 
fractured physis, fl 


DIAGNOSIS 

Clinical Presentation 

Signalment. Radial and ulnar physeal fractures occur in 
immature dogs or cats with open physes. 

History* Affected animals usually present with a 
non-weight-bearing lameness after trauma. Owners may be 
unaware that trauma occurred. 


NOTE * Use smooth implants when crossing the 
physis. 1 


Physical Examination Findings 

Because of the traumatic nature of radial or ulnar physeal 
fracture, the entire animal must he assessed to detect abnor¬ 
malities of other body systems. Palpation of the limb reveals 
swelling, pain, crepitation, and apparent instability of the ad- 
jacent joint. Dogs often appear to have ab\iorma 1 propriocep- 
live responses because they are reluctant to move the limb. 

Radiography 

Cmni o c a ud a 1 a nd 1 a t e ra 1 ra d i ogr a ph s of th e affect e d rad i u s 
and ulna (which include the proximal and distal joints) are 


Preoperative Management 

The antebrachium should be temporarily stabilized with a 
Robert Jones bandage (see p. 822) to immobilize the frag¬ 
ments, decrease or prevent soft tissue swelling, protect o: 
prevent open wounds, and increase patient comfort until 
surgery can be performed. Perioperative pain management 
should be instituted (see Table 34-5). Concurrent injuries 

should be managed before anesthetic induction for fracture 
fixa tion. 
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Chapter 34 


Management of Specific Fractures 


Anesthesia 

Anesthetic management of animals with fractures is dis¬ 
cussed on p. 824. Small dogs and cals may require pediatric 
anesthetic techniques. 

Surgical Anatomy 

The lateral radial head is palpable beneath the extensor 
muscles of the forearm. The radial nerve lies deep to the 
tensor carpi radialis muscle. The cranial medial surface of 
the distal radius can he easily palpated to serve as a land¬ 
mark for location of the incision. Extensor tendons are lo¬ 
cated cranial to and flexor tendons caudal to the distal ra¬ 
dius, The cephalic vein crosses the medial portion of the 
distal radius. 


draped out for proximal radial physeal fractures. Placing the 
animal in dorsal recumbency allows more flexibility in visu¬ 
alizing distal radial and ulnar physeal fractures. 


SURGICAL TECHNIQUES 

Approach to the Proximal Radial Physis 

Make a skin incision over the lateral humeral condyle 


, ex * 

tending over the proximal third of the radius (Fig. 34-51, A). 
Continue the incision through subcutaneous tissues and 

brachial and antebrachial fascia (Fig. 34-51, Bj. Identify 
and separate the lateral digital extensor and ulnaris lateralis 
muscles to expose the proximal radius (Fig. 34-51 , C). Close 

the wound by suturing fascia, subcutaneous tissues, and skin 
in separate layers. 


ex- 


Approach to the Distal Radial Physis 

Use the craniomedial approach to the radius (see p. 943) to 
expose the distal radial physis. 


Positioning 

The limb should be prepped from shoulder to carpus. The 
animal is positioned in lateral recumbency with the limb 


Lat e ra! 


Extensor carpi 


radialis muscie 


Anconeus muscle 


Ulnaris lateralis muscie 


Common 


d i g ita l 


extensor muscle 


■ 


Lateral digital 




extensor muscle 


a 


Proximal 


exposed 


FIG 34-51 

A, For a lateral approach to the radial head 
condyle and extend it 
the lateral digital extensor and ulnaris lateralis muscles to expose the proximal radius. 


make a skin incision over the lateral humeral 
over the proximal third of the radius. B and C, Identify and separate 


■ 


■ 
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ticular surface, For distal physeal fracturesdrive a Kirschner 

from the medial styloid process across the phy$is f into 


Approach to the Distal Ulnar Physis 

Use the approach for ulnar ostectomy {see p. 957} to expose 
the distal ulnar physis . 

Stabilization of Nondisplaced 
Physeal Fractures 

Fractures of the radial physes and distal ulnar physis that are 
non displaced can be treated with a cast. 


wire 

the radial metaphyses, and through the lateral cortex. Drive 
fae second wire from the lateral aspect of the distal radial 

across ffie fracture into the 


metaphysis , and 


ep iphys i s 
through the medial cortex (Fig 
ticulor surface. 


, 34-52, Bj, avoiding the or 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Cast the limb from the toes to above the elbow with the cor 
held in slight flexion and varus (inward angulation} un 


equipment Includes Kirschner wires, small IM 
Jacobs pin chuck, and reduction forceps. 


Necessary 

pins. 


pus 


til the cast hardens (see pp„ 859 and 939}. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Stabilization of Displaced Physeal 
Fractures with Crossed Kirschner Wires 
or Intramedullary Pins 

Physeal fractures should be reduced carefully so as to avoid 
crushing or injuring the physeal cartilage. 

For proximal radial physeal fractures, drive a Kirschner wire 
from the lateral surface of the proximal radial epiphysis 

the physis , info the radial metaphyses, and through 
the medial cortex. Then drive a second wire from the lateral 
proximal radial metaphysis across 

physis (Fig. 34-52, A), Take care to avoid penetrating the 


Postoperative radiographs should be made to document 
fracture reduction and implant position. After internal fixa¬ 
tion a soft padded bandage should be applied for a few days 
to control swelling and support soft tissues. Physical therapy 

fo r 10 to 15 minute s two or three 


(range of motion exercises 
times daily) is indicated to help restore joint function (see 
Table 34-6)* The animal should be released to the owner 
with instructions to limit exercise for 4 to 6 weeks. Re checks 
should be scheduled at 2 weeks for suture removal and at 4 
to 6 weeks for radiographic evaluation of fracture healing 
(see Table 34-7). Radiographs of the injured bone and the 
contralateral bone can be made and compared for length as 
early as 2 to 3 weeks after the injury to determine physeal 
function. Cartilage physes that heal in a manner allowing 
continued function appear radiographically as a lucent line. 
Additionally, increased bone length should be apparent, It 
the physeal line appears as a bone density, endochondral os¬ 
sification has occurred and continued physeal function is 


ac ros s 


into the epi 


or 


indicated after physeal healing 


likely. Implant removal is 
(4 weeks) to allow bone growth (If the physis is functional 


after the trauma). 


PROGNOSIS 


Although the prognosis for fracture healing with physeal 
fractures is excellent, the prognosis for continued function 
or growth of the physis depends on the severity of damage 
sustai ned hv the zone of proliferating cells. The prognosis ts 
good for future physeal growth after a fracture that separates 
the cartilaginous physis at the zone of hypertrophying,cells, 
whereas the prognosis is poor for future physeal growth af¬ 
ter trauma 


that crushes the physis. Unfortunately most 
traumatically induced physeal fractures sustain damages 
the growing cells and have a guarded prognosis for growth 
Bridging of bone across the physis may occur in fractures 
that cross the growth plate, causing abnormal hone 
Damage to one physis of a paired bone system such as the ra¬ 
dius and ulna can cause shortened limbs, angular deformi¬ 
ties, rotational deformities, and disruption of normal join: 
anatomy, resulting in degenerative joint disease, I 

The most common complication associated with radial 
and ulnar physeal fractures is premature physeal closure and 
resulting growth deformities. The severity of the deformity 
depends on the animat s age when physeal closure occurs- 


FIG 34-53 


A, For proximal radial physeal fractures, Kirschner wires 

be driven from the lateral surface of the proximal radio! 

epiphysis and from the lateral proximal radial metaphysis. 

B. For distal physeal fractures, Kirschner wires can be driven 
from the medial styloid process and From the lateral aspect 
of the distal radial epipnysis. 


can 
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elbow and carpal incongruity can occur (Fig, 34-53, A). The 
proximal and distal radial pfoyses can also dose prematurely, 
causing forelimb growth deformities* Symmetric, complete 
closure of the proximal or distal radial physis results in a 
shortened but straight radius, elbow incongruity, and a varus 
gulation of the carpus (Fig. 34-53, B). The limb deformity 
seen with asymmetric or partial physeal closure of the distal 
radius varies depending on the location of the closure, l he 
most common deformity is a caudolateral closure ol the ph¬ 
ysis resulting in valgus deformity of the carpus (Fig. 34-53, 
C). The normal anatomy of the carpus may be disrupted. 

Retained cartilage core is caused by retarded endochon¬ 
dral ossification at the distal ulnar physis and may lead to 
slower growth of the physis and ulnar shortening* This 
causes shortening, cranial bowing, and external rotation of 
the radius, with valgus angulation of the carpus. Histologic 
examination of the affected physis shows normal reserve and 
proliferative zones with a thickened hypertrophic zone in the 
center of the physis* The matrix septa in the abnormally 
thickened hypertrophic zone do not appear to calcify nor¬ 
mally, and vascularization does not occur* Therefore bone 
production and remodeling are delayed. 


and the location and extent of the physeal closure* Younger 
animals with greater growth potential have more severe se¬ 
quelae. Premature closure of the distal ulnar physis interferes 
with the normal development of the radius by acting as a 
straint. This results not only in a shortened ulna but also in 

shortening, rotation, and angulation of the radius. Addition¬ 
ally, asynchronous growth of the paired bones results in in¬ 
congruity of the elbow and carpal joints, leading to degener¬ 
ative joint disease. Asymmetric or partial closure of the distal 
radial physis results in angular deformity of the bone and 
may affect the anatomy of adjacent joints, again resulting in 
degenerative joint disease. 

Suggested Reading 

Johnson JMi Johnson AL, Eure III A: Histological appearance of nat¬ 
urally occurring canine physeal fractures. Vet Surg 23:81, 1994, 


re- 


an 


RADIAL AND ULNAR 
GROWTH DEFORMITIES 


DEFINITIONS 


Growth deformities are abnormal conformation ol the limb 
after premature closure of a physis* Corrective osteotomy is 
a planned osteotomy of the bone followed by restoration of 
normal alignment of the bone and rigid fixation. Osteotomy 
is the removal of a portion of bone. Acute distraction or 
acute correction is repositioning of bone segments in align¬ 
ment during surgery. Continuous distraction or continu¬ 
ous correction is repositioning of bone segments over time 
using the appropriate fixator frame. 


SYNONYMS 


Radius curvus, angular limb deformity, premature closure of 
radial or ulnar physis 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


1 


Growth deformities of the forelimb occur frequently be¬ 
cause of the paired bone system and unique shape ot the dis¬ 
tal ulnar physis. Synchronous growth of the radius and ulna 
in the dog is essential for the development ol a normal tore- 
limb. The radius receives 40% of its length from the proxi¬ 
mal physis and 60% from the distal physis, whereas 85% ol 
the ulnar length comes from the distal physis, with the prox¬ 
imal physis contributing only 15%* In most dogs, growth ac¬ 
celerates rapidly during the fourth to sixth months and ta¬ 
pers off in the ninth or tenth month. This period varies 
depending on the breed of dog (smaller dogs mature faster 
than larger dogs)* 

The cone-shaped distal ulnar physis is frequently injured 
during forelimb trauma, these injuries are considered a 
Salter-Harr is Type V crushing injury and result in complete 
physeal closure. Sequelae include shortening of the ulna with 
cranial bowing, external rotation, and shortening of the ra¬ 
dius with varus angulation of the carpus. Varying amounts ol 


t 


FIG 34-53 


l- 


A, Premature closure of the distal ulnar physis 
shortening, cranial bowing, external rotation, and valgus 
angulation of the radius. B, Complete premature closure of 
the distal (or proximal) radial physis causes shortening of the 
radius and subluxation of the radial humeral joint, C, Partial 
distal radial physeal closure causes angular deform 
radius. 
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Several theories have been proposed regarding the etiol¬ 
ogy of retained cartilage cores. The condition appears pri¬ 
marily in large, fast-growing dogs, and some speculate that 
nutrition may play a role in the development. This is a diffi¬ 
cult hypothesis to prove because dietary oversupplementa¬ 
tion is often a response to the condition. These dogs should 
be fed the recommended calcium/phosphorus ratio and the 
amount of food decreased to slow the dog’s overall growth. 
I o ss o f vascu I a r i zat i on to th c ce n tral m e ta ph y si scan a 1 so re - 
suit in retained cartilage cores. Another theory suggests that 
the condition is part of generalized osteochondrosis. Finally, 
the syndrome may result from an abnormality of the chon¬ 
drocytes, which can no longer control the progress of calci- 
heat ion of the cartilaginous septa. 

DIAGNOSIS 

Clinical Presentation 

Signalmen!* Young dogs are affected. Growth deformi¬ 
ties are rare in cats. 

History* The animal may have a history of fracture of the 
radius and ulna or an obscure history of trauma. 

Physical Examination Findings 

Initially, dogs with premature closure of the physes show 
minimal deformity of the forelimb. As the deformity pro¬ 
gresses, premature closure of the distal ulnar physis causes 
lameness, cranial bowing of the forelimb, and valgus defor¬ 
mity of the carpus. The dog may extend its elbow to com¬ 
pensate for the short radius. Dogs with symmetric closure of 
the radial physes may show minimal angular deformity but 
have pain on palpation of the elbow. Dogs with asymmetric 
closure of the distal radial physis may show an angular de¬ 
formity, The direction of the deformity depends on the lo¬ 
cation of the initial partial closure of the physis. Retained 
cartilage core may be indistinguishable from traumatic pre¬ 
mature closure of the distal ulnar physis on physical exami- 
nat io n« 


animation of retained cartilage core reveals a radiolucent 
cartilage core in the center of the distal ulnar physis extend¬ 
ing into the metaphysis. 


NOTE * Always obtain radiographs of the con¬ 
tralateral radius and ulna for comparison. Make 
length measurements from lateral radiographs. 


Laboratory Findings 

These animals are usually young and healthy. No consistent 
laboratory findings are associated with growth deformities 
after premature physeal closure. 


DIFFERENTIAL DIAGNOSIS 


Growth deformities caused by premature physeal closure 
must be differentiated from poor conformation and laxity or 
contract u re of suppo rt i ng so ft t i ss u e st r uct u res s u ch as 3 i fo¬ 
ments and tendons. Diagnosis of premature closure of the 
radial or ulnar physes is made with physical and radi¬ 
ographic examinations of the forelimb. 


MEDICAL MANAGEMENT 


There is no medical therapy for growth deformities after 
premature physeal closure. Antibiotics may be used periop- 
eratively to protect the ostectomy or osteotomy site during 
surgery (see p. 826) if the surgery is expected to exceed 

2 hours. 

Treatment of the retained cartilage cores depends on the 
severity oi the clinical signs. Dogs with mild deformities may 

respond to dietary limitations. Dogs treated conservatively 
in this manner should be monitored weekly to determine if 
the deformities are correcting or progressing. If the deformi¬ 
ties progress, an ulnar ostectomy and autogenous fat graft 
placement should he performed to remove the restraint tin 
radial growth. 


SURGICAL TREATMENT 


Radiography 

Radiographic examination is necessary for definitive diag¬ 
nosis of the deformity’s cause in animals with premature 
closure of the radial or ulnar physes. Craniocaudal and lat¬ 
eral radiographs should be made of the affected forelimb. 
Each radiograph should include the radius, ulna, elbow, and 
carpus. The normal-functioning physis is radiolucent. A ph¬ 
ysis that has slowed or ceased functioning will still be radt- 
olucent until endochondral ossification of the physis is com¬ 
plete. The physis appears as bone density after ossification. 
Radiographs of the opposite normal limb are made to obtain 

a control for determining normal radial and ulnar length 

and normal forelimb anatomy. In early cases of premature 
closure of the distal ulnar physis, a discrepancy in ulnar 
lengths may be seen before obvious radiographic signs of 
physeal closure or forelimb deformity. Rone length and an¬ 
gular limb deformity should be measured from the radi¬ 
ographs to establish a preoperative standard against which 
the results o f t rea tment m ay be co mp a red. Ra d io g ra p hi c ex- 


Destruction of the growing cells and closure of the physis are 
irreversible phenomena. Treatment is therefore directed i\ 
reducing the severity of or correcting the sequelae to physeal 
closure (Table 34-13). Chapter 33 lists indications for cor¬ 
rective osteotomies (see p* 829), Animals with forelimb 
growth deformities are initially classified according to po¬ 
tential for growth in either the radius or the ulna. The goal 
of treatment in immature dogs with premature closure of 
the distal ulnar physis is to allow unrestricted growth of [he 
normal physes of the radius and ulna, which results in max- 
imal limb growth and in some cases corrects the angular de¬ 
formity. An ulnar ostectomy is used to release the constraint 
placed on the radius by the ulna and is coupled with the 
placement of a free autogenous fat graft to prevent union of 
the ulnar segments. 

The goal of treatment of partial premature closure of the 
distal radial physis in immature dogs is to allow unrestricted 
growth of the normal portion of the distal radial physis. To¬ 
mographic examination of th e distal radial ph vs is may be 
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premature closure of the radial physes in dogs with minimal 

iscrepancies is transverse ostectomy of the prox¬ 
imal ulna above the interosseous ligament. 


TABLE 34-13 


Treatment Considerations for Growth Deformities 
from Premature Phvseal Closure 


NOTE • Osfeclomies release restraint so that func¬ 
tional physes can grow normally. The animal must 
have growth potential for an effective ostectomy. 


* Growth deformities of the radius and ulna require surgi¬ 
cal intervention, 

* Allow as much natural growth of the limb as possible 
by using ostectomy techniques in growing animals, 

* An osteotomy procedure to correct angular and rota¬ 
tional deformity is usually required after ostectomy tech¬ 
niques allow growth in length. 

Growth deformities 


Preoperative Management 

Preoperative management of the dog consists of obtaining 
complete blood count and chemistry profile to confirm that 
the dog is healthy. Preoperative 

imperative. Owners must understand the goals and expecta¬ 
tions of the surgeon, the limitations of the procedures, and the 
potential for complicated aftercare and further procedures. 

Anesthesia 

Anesthetic management of animals undergoing elective 
thopedic procedures is discussed on p, $24. 

Surgical Anatomy 

Surgical anatomy of the radius is discussed on p. 943. The 

distal ulna in the immature dog 

on the lateral aspect of the limb. The flexor tendons of the 
carpus border the distal ulna. Immature dogs have a thick 
layer of periosteum that must he identified and resected dur¬ 
ing ostectomies. The interosseous artery lies between the ra¬ 
dius and ulna and is often encountered when performing 
ostectomy. 

Positioning 

For an ulnar or radial ostectomy, both the affected fbrelimb 
and the ipsilateral flank are prepared for aseptic surgery. The 
animal is positioned in lateral recumbency. For an 
osteotomy, or transverse lengthening osteotomy stabilized 
with an external fixator and possible cancellous bone graft 
harvest, the fbrelimb is prepped from the dorsal border of the 
scapula to below the carpus. The dog is positioned in dorsal 
recumbency with the affected limb suspended 
the ceiling ( see p, 25), For a circular fixator the limb may be 
suspended from the ceiling, but plans must be made to 
lease the limb and place the preconstructed circular fixator, 

SURGICAL TECHNIQUES 

Ulnar Ostectomy and Free Autogenous 
Fat Graft 

Make a lateral skin incision extending over the middle to dis¬ 
tal ulna (Fig, 34-54, A). Incise subcutaneous tissues , and 

identify and separate the lateral digital extensor muscle from 
the extensor carpi ulnar is muscle to expose the ulna distal 
metaphysis . Isolate 1 to 2 cm of the ulna metaphysis 
dlately proximal to the physis by elevating surrounding 
culature and fascia . 


a 


in mature animals are treated with 
a corrective osteotomy if the deformity impairs limb 
function. 


counseling to the owners is 


■ Dogs with 


severe shortening and angulation may bene¬ 
fit from continuous distraction rather than acute correc¬ 
tion, 

* The prognosis for normal appearance and 
the affected limb is always guarded. 




or- 


mdicated to define accurately the 
dosed and bridged with bone. The animal is treated by re¬ 
secting the bone-bridged area of the physis, followed by 
placement of a free autogenous fat graft in the defect to pre¬ 
vent reestablishment of the bone bridge. 

The goal of treatment of complete premature closure of 
the proximal or distal radial physis in immature dogs is to al¬ 
low unrestricted growth of the normal radial and ulnar phy¬ 
ses and to restore and maintain elbow congruency by per¬ 
forming a radial ostectomy and free autogenous fat graft. 
The goal of treating complete premature closure of both the 
distal ulnar and radial physes in immature dogs is to gain 
length to match the opposite normal limb. These dogs are 
treated with radial and ulnar osteotomy and continuous dis- 
traction (see p. 959). This procedure is complex and requires 
constant postoperative monitoring by both veterinarians 
and clients. 

The goal of treatment of premature closure of the distal 
ulnar physis in mature dogs is to correct angular and rota- 

preserving as much limb length as 
possible during the corrective osteotomy procedure. An 
oblique radial and ulnar osteotomy with repositioning of the 
distal radial segment and stabilization with a Type II exter¬ 
nal fixator is used when limb length discrepancy is not sig¬ 
nificant and cranial caudal angulation is minimal. Alterna¬ 
tively, continuous distraction with the circular fixator is 
more appropriate to treat dogs with severe limb angulation 
and length discrepancy. Preoperative radiographs are evalu¬ 
ated to determine the location of the point of greatest radial 
curvature and to evaluate the anatomy of the adjacent elbow 
and carpus* 

The goal of treatment of premature closure of the proximal 
or distal radial physis in mature dogs is to improve limb func¬ 
tion by reestablishing normal radial length and elbow congru¬ 
ency, A transverse lengthening osteotomy is performed* An al¬ 
ternative approach used to treat elbow incongruity caused by 


of the physis that is 


is large 


and easily palpated 


an 


ue 




ttonal deformities while 




re- 


T he ostectomy should be below the interosseous ligament 
to m a i n ta i n el bow stab i 1 i t y. 
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FIG 34-54 

A, For ulnar osteotomy with a free autogenous fat graft, prepare two sites for surgery 
(incision 1 and incision 2), Make a lateral skin incision extending over the middle to distal 

Separate the lateral digital extensor muscle from the ulnaris lateralis muscle to expose 
the ulnar distal mefaphysls. B, Resect a 1-cm to 2-cm segment of ulna, C, Make a 2-cm to 
3-cm skin incision in the ipsElateral flank area to expose subcutaneous fat. D, Free a large 

it in the osteotomy gap. 


uina. 


of fat and pi 


si 


e pi 


ound by suturing subcutaneous tissues and skin. Close the 
limb wound over the fat graft by suturing adjacent soft tissues. 
Close subcutaneous tissue and skin separately : J 

Partial Physeal Resection 

5 urg tea 11/ expose th e clos ed and bridged po rtion o f the distal 
radial physis. Determine the limitations of the bony bridge by 
exp lari ng the area with a hypoderm ic needle (Fig , 34-55, Aj> 


Ensure that all the periosteum, with its osteogenic potential 
remains with the segment of bone to be resected , 


w 


Failure to remove all periosteum causes premature bone 
bridging of the osteotomy. 

Resect a 1-cm to 2-cm segment of ulna with bone cutters or an 
oscillating hone saw cooled with a saline flush. Remove the 
segment of hone and associated periosteum (Fig. 34-54 , Bj. if 
the in terns sec us artery is cuf, ach ieve h em os tas is by clamp ing 
the vessel if possible or by applying pressure for 5 minutes. To 
harvest the fat graft ; make a 2-cm to 3-cm skin incision in the 
ipsilateral flank to expose the subcutaneous fat (Fig. 34-54 , 
Q. Us hng sharp dissection , free a large single piece of fat and 
place it in the ostectomy gap (Fig. 34-54 , Dj. Close the flank 




The cartilage of the normal physis is easily penetrated by 
a needle, unlike the resistance felt when the hone bridge or 
adjacent metaphyseal or epiphyseal bone is probed* 

Remove the bony bridge with a curette or a high-speed burr 

(Fig. 34-55 f BJ. 1 
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FIG 34-55 


of a partial physeal elosure/fat graft, determine the [imitations of the 

with a hypodermic needle. B. Remove the bone bridge 
high-speed burr. C, Harvest a free autogenous fat from the flank and 


A, During resection 
bone bridge by exploring the area 


place it in the physeal defect. 


Curettage is complete when normal physeal cartilage is 


B 


observed or probed with the 




* 


I 






cfes cri bed 


Harvest free autogenous fat from the flank as 

above and place 
Close soft tissue and skin over the transplanted fat . 




it within the physeal defect (Fig. 34-55 1 CJ, 




Radial Ostectomy and Free Autogenous 
Fat Graft 




Expose the middiaphysis of the radius using a craniomedial 
approach (see p. 943). Isolate I to 2 cm of the radial diaph- 
ysisby elevating surrounding musculature and fasciaEnsure 
that all periosteum i, with its osteogenic potential , remains with 
the segment of hone to be resected, Resect a 1-cm to 2-cm 

t of the radius with bone cutters or an oscillating bone 

saline flush. Remove the segment of bone 

e interosseous 




ragmen 


cooled with 


a 


sow 




<■ 


i 




and associated periosteum (Fig. 34-56, AJ. 
artery is cut , achieve hemostasis by clamping 
possible or by applying pressure for 5 minutes. Harvest a free 
autogenous fat graft from the flank and place it in the defect 
b prevent bone union (Fig. 34-56, BJ. Close the wound over 

ffte fat graft . 


M 


J IT 


■i U 




IV 


■ • 

. i 


f 


I 












NOTE • Continuous distraction requires an owner 
committed to intensive aftercare and frequent reeval¬ 
uations. 














i 








FIG 34-56 


Radial and Ulnar Osteotomy 
with Continuous Distraction 

See application of the circular fixator for angular limb de¬ 
formities in Chapter 33 (p. 872), 


A, To perform a radial ostectomy and fat graft, resect a 
1-cm to 2-cm segment of the radius, B, Harvest a Free 
utogenous fat graft from the flank and place it in the defect 

to prevent bone union. 


a 
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Oblique Osteotomy 

Place a centrally threaded,, positive-profile fixation pin through 
the proximal radius from the lateral aspect (Fig, 34-57\ A). 


and distal transfixation pins to eliminate any angular ar ro¬ 
ly, Place a connecting bar with single fixation 
clamps on the lateral and medial aspect of the limb (Fig, 
34-57, Bj. Drive additional fixation pins through single 
clamps placed on the medial and lateral bars , Place at least 
one additional pin in each radial segment . Flarvest an auto¬ 
genous cancellous bone graft from the proximal humerus and 
place it at the radial osteotomy site , Close the wounds by su¬ 
turing the subcutaneous tissue and skin separately . Tighten 
the clamps , and cut the fixation pins to the desired length. 


tatian a I de fo n < r / 


The pin should parallel the proximal radial articular sur¬ 
face and should be within the lateral transverse plane of the 
proximal radius. 


Place identical pin through the distal radius from the lat¬ 
eral aspect. 


Transverse Lengthening Osteotomy 

Place a centrally threaded[ positive-profile fixation pin 
through the proximal radius from the lateral aspect (Fig. 


The pin should parallel the distal radial articular surface 
and should be within the lateral transverse plane of the dis¬ 
tal radius, t he transfixation pins serve as landmarks; pay 
special attention to correct placement. 

Make a la feral app roach to fh e d is tal u In a , and cut the bone 
with an osteotome or oscillating saw: Make a craniomedial 
approach to the distal radius at its point o f greatest curvature. 
Perform an oblique osteotomy of the radius with 
teotome or an oscillating hone saw ; directing the osteotomy 
line parallel to the distal radial articular surface in both cram 
iocaudal and mediolateral planes. Lower the operating table 
so that the weight of the animal distracts the distal radius and 
helps to align the proximo/ and distal joint surfaces parallel 
to each other. Realign the radius and ulna using the proximal 


34-58, A). 


The pin should parallel the proximal radial articular sur¬ 
face and should be within the lateral transverse plane of the 
proximal radius. 


r 


on os- 


L 


Place an identical pin through the distal radius from the lab 
era! aspect 


F 


o 


tf 


The pin should parallel the distal radial articular surface 
and should be within the lateral transverse plane of the dis¬ 
tal radius. I 








FIG 34-57 

A, For an oblique osteotomy, place centrally threaded positive-profile fixation pins through 
the proximal and distal radial metaphyses, parallel to their respective joint surfaces and 
within the respective lateral transverse planes of the proximal and distal radius. B, Plan 
and perform an osteotomy across the greatest curvature of the radius, parallel to the distal 
articular surface. Perform an osteotomy of the distal ulna as well. Realign the radius and 
ulna using the proximal and distal transfixation pins as guides to eliminate angular or 
rotational deformities. Stabilize the radius with a Type II external fixator. 
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radial osteotomy. Connect the ulnar pin and proximal radial 
pin bilaterally with elastic bands , placing tension 

proximal radius and pulling it toward the humerus . 

■ 

Proximal Ulnar Ostectomy 

Proximal ulnar ostectomy is described under treatment of 

e! b o w sublux a t i on in d o gs with pre m a t u re clos u re of the r a - 
dial phvsis ( see p. 1086). This technique is indicated if short¬ 
ening of the leg will not affect limb function. 


Use a craniomedial approach to expose the middiaphys is of 
fire radius. Cut the radius with an osteotome or an oscillating 

Distract the proximal and distal segments of the radius 
until the head of the radius has contacted the capitalum of the 
humerus. Place connecting bars with single fixation clamps 

on the lateral and medial aspect o f the limb (Fig. 34-58, B j. 

Drive additional fixation pins through single clamps placed 
on the media I and la tera I bars . Place a t leas t one additional 
pin in each radial segment. Harvest on autogenous cancel- 
bus bone graft from the proximol humerus and place it at the 
radial osteotomy site. Close the wounds by suturing the sub¬ 
cutaneous tissue and skin separately Tighten the clamps , and 
Cut fixation pins to 

Obtain postoperative radiographs to document the posi¬ 
tion of the radial head and location of fixation pins. 


on 


s aw. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Instruments needed include an osteotome and mallet or an 
oscillating saw. Equipment needed for external fixation in¬ 
cludes a low-rpm power drill, fixation pins, external fixation 
clamps, and connecting bars or acrylic. Circular fixator 
equipment is needed for continuous distraction techniques. 


Some correction of the radial segment location can be 
made at this time by adjusting the external fixator. 

If fhe radio/ head does not appear to contact the humeral ca- 
pitulum, place a transverse bilateral fixation pin through the 
olecranon proximal to the most proximal transverse pin in 
tfre radius, loosen the external fixator clamps proximal to the 


POSTOPERATIVE CARE 
AND ASSESSMENT 


After ulnar ostectomy postoperative radiographs document 
the location and length of the ostectomy gap. A soft padded 
bandage or splint may be used to protect the limb for 






FIG 34-5B 

A, For a radial lengthening osteotomy place centrally threaded positive-profile fixation pins 
through the proximal' and distal radial mefaphyses, parallel to their respective joint surfaces 
and within the respective lateral transverse planes of the proximal and distal radius, 

B, Perform a transverse osteotomy of the midradial diaphysis. Distract the proximal and 
distal radiol segments until the radial head contacts the capituium of the humerus. Stabilize 
the radius with a Type II external fixator. 
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the cranial surfaces of the proximal and distal radial seg¬ 
ments located in the same transverse plane. If they are not, 

correction may be obtained by readjusting the external 

fixator (see p. 1011). 

After transverse lengthening radial osteotomy and place¬ 
ment of the external fixation pins in ihe ulna, radiographs of 
the limb should be taken within 24 to 48 hours. Once the ar¬ 
ticulation is correct, the elastic bands and ulnar pin can be 
removed and the proximal damps tightened. 


2 weeks if bilateral procedures are done. Owners should be 
instructed to limit activity and to return for monthly reex¬ 
aminations, 

compared to immediate postoperative radiographs for radial 
growth, correction of angular deformity, and ostectomy gap 
patency Restoralio n of no rmal elbow con 1 iguration due to 
release of the proximal ulna may be noted, Reevaluations 
be discontinued when the animal is skeletally mature. 


Radiographs should be taken monthly and 


some 


can 


NOTE * If osteotomies prematurely bridge with 
bone, a second ostectomy may be needed. 


PROGNOSIS 


With all these procedures, owners must be informed that ad¬ 
ditional surgical procedures may be necessary for complete 


Postoperative radiographs document complete resection 
of the bone bridge and placement oi the fat graft after partial 
phvseal resection. A soft padded bandage is used to protect 
the limb p os toper atively Owners should be instructed to 
limit exercise and to return monthly for reevaluation. Radi¬ 
ographs should he made monthly and compared to the post¬ 
operative radiographs for radial length, correction of angular 
deformity, and patency of the resected area. A goniometer 
be used to determine angular limb deformity and the re¬ 
sults compared to preoperative findings. Re evaluations can 
be discontinued when the animal reaches skeletal maturity. 

Postoperative radiographs should be made after radial os¬ 
tectomy to document ihe location and length ot the ostec¬ 
tomy Release of tension on the proximal and distal radius 
will usually allow adjacent joints to reestablish normal posi¬ 
tion. Postoperatively the limb may require a soft padded 
bandage or splint support because the radius is the primary 
weight-bearing bone in the distal forelimb. A second surgi¬ 
cal procedure to reunite the radial segments by bridging the 

with autogenous cancellous bone graft may 


treatment. 

Prognosis for normal appearance and function is guarded 
in immature animals after ulnar ostectomy. Much of the 
outcome depends on the growth potential oi the radial phy- 
. With favorable conditions, an animal may achieve nor¬ 
mal limb length and some correction of valgus angulation; 
however, rotational deformities are not corrected by this 
procedure. Ulnar union while the animal is still growing is 
an indication for reoperation. A corrective radial and ulnar 
osteotomy may be indicated it the angular deformity has not 

corrected itself once the dog has reached maturity. 

The prognosis is guarded after partial physeal resection 

until there is 

Reestablishment of the bone bridge or worsening of the an¬ 
gular deformity may be an indication for reoperation, A cor¬ 
rective radial and ulnar osteotomy may be indicated if the 
angular deformity has not corrected when the dog has 

reached maturity 

Prognosis for normal appearance and function is guarded 
after radial ostectomy Much of the outcome depends on the 
growth potential of the distal ulnar physes. With favorable 
conditions limb length will increase. Healing of the ostec- 

when the periosteum has not been adequately 

resected. A second ostectomy may be indicated if the animal 
still has growth potential in the distal ulnar physk 

Prognosis after radial and ulnar osteotomy with contini- 
distraetion is guarded because of the complexity of the 


ses 


can 


radiographic evidence o! phvseal function, 


ostectomy gap 
be indicated when the dog has reached maturity 

After radial and ulnar osteotomy with continuous dis- 

postoperative radiographs should document the 


tomv occurs 


traction, 

position of the transosseous wires and rings. Distraction is 
started on the third to fifth day after surgery. The optimal 

of distraction to obtain membranous bone formation is 


1 


rate 

1 mm per day. The preferred rhythm of distraction is in 
smaller increments, and owners should be instructed to dis¬ 
tract 0,5 mm twice a day or 0.25 mm four times a day (see 
873). Animals should be evaluated weekly during this 

need to be increased to match the 


a us 

technique and potential complications (e.g., wire track 
drainage, implant loosening, premature loss ot fixator stabil¬ 
ity). Premature healing of the osteotomy stops progressive 
lengthening of the radius. 

After oblique osteotomy and transverse lengthening os- 

union at ihe os- 


) 


P- 


phase. Distraction may 
growth rate of the contralateral limb or to prevent prema¬ 
ture bone union. After limb distraction is completed, the fix¬ 
ator is left in place to allow the osteotomy to heal. Postoper- 

management of live circular fixator during the 
solid at ion phase and the reevaluation schedule are the 

for fractures of the radius (see p. 947). 


f 


teotomy the prognosis is good tor bone 
teotomy site. Function of the limb depends on the amount 
of correction achieved and presence of degenerative joint 
disease. Complications are those that occur 
fixation of radial fractures (see p. 947), 


a 1 1 ve 


with external 


ft 


con 


b 


same as 


U 


u 


NOTE * Good aftercare by the owner is essential 
for maintaining an external fixator. 


Suggested reading 


n 


A 


Hcnney LHS, Gambardella PC: Partial ulnar ostectomy for treat- 

of premature closure of the proximal and distal radial pby- 


fi 


meni 

ses in the dog, / Am Anim Hosp Assoc 26:183, 1990. I 

Johnson AL: Osteotomies. In Olmstead ML, editor: SmaJJ fliriwu! 

orthopedics y St Louis, 1995, Mosby 


n 


After oblique osteotomy postoperative radiographs 
should document the correction obtained and position ol 

fixation pins. 


% 


IT 


The radial joint surfaces must be parallel and 
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Lewis DD el al: Initial clinical 


experience with the IMEX™ circular 


Racing greyhounds often incur fractures of the central 

however, this injury is rarely seen in companion 

are graded according to 
fracture type and degree of fragment displacement. Once the 

buttress effect of the central tarsal bone is lost, fractures of 
the fourth tarsal bone and calcaneus may occur Repair re- 
quires accurate placement of one or more small lag screws. 
Readers are referred in the suggested reading list for detailed 
information on treatment methods. 


external skeletal fixation system. Part 11. Use 

and correction of angular and rotational deformities, Vet Comp 
Orthop Trauma to! 12:118,1999. 


i i i bo n e length e n i n g 


animals. Central tarsal fractures 


Quinn M, Ehrhart N, Johnson AL, Schaetfer DJ: Realignment of the 
radius in canine antebrachial growth deformities treated with 
corrective osteotomy and bilateral (Type 11) external fixation, Vet 


Surg 29:55.8* 2000* 


CARPAL AND TARSAL FRACTURES 


DIAGNOSIS 

Clinical Presentation 


DEFINITIONS 


Signalmenf, Any age, breed 


or sex of dog or cat may be 
affected. Racing greyhounds most often develop fractures of 
the central tarsal bone and accessory carpal bones. 

History. Affected animals usually present for 
onset ot non-weight-bearing lameness. If the calcaneus is 
fractured, they may be partially weight bearing 
plantigrade stance. 


Carpal fractures and tarsal fractures may cause a loss of 
weight-bearing support if integrity of these bones 
rupted. A plantigrade stance occurs when the foot is posi¬ 
tioned such that the plantar surface of ihe calcaneus contacts 
the ground. A valgus position of the foot is an outward de¬ 
viation; a varus position is an inward deviation* 


is dis- 


an acute 


with a 


SYNONYMS 


Physical Examination Findings 

Patients with fractures of the carpus 
non 

the limb cause the carpus/tarsus to collapse in a plantigrade 
stance. If the calcaneus is fractured, the animal may walk 
plantigrade on the limb 

Pain, swelling, and crepitus are present in the affected limb. 
Varus or valgus deviation of the foot is usually present. 


Fractures of the wrist joint or hock joint* fractures of the fibu¬ 
lae tarsal bone (calcaneusf fractures of the tibia! tarsal bone 
(talus) 


or tarsus usually have a 
weight-bearing lameness; attempts to place weight on 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


may be non-weight bearing. 


Although carpal or tarsal fractures 
imals, such fractures 


are rare in companion an- 
are often disabling because the 
a major weight-bearing function. If in- 


Radiography 


carpal 


and tarsal joints serve 

juries involving these joints are not treated, joint incongruity 
and subsequent development of osteoarthritis often lead to 
severe lameness. Fractures of the distal row of carpal bones 

compression fractures with carpal hyper exten¬ 
sion injuries. Radial carpal bone fractures are the most fre¬ 
quently diagnosed injury involving fracture of the 
bones in per animals. Accessory carpal bone fractures 
racing greyhounds and sled dogs but 
animals. Most 


Standard traniocaudal and niediolateral radiograph 
usually sufficient to make the dia 

ographs of the tarsocrural joint help delineate fractures of 
the articular surface of the tibia! tarsal bone. 


ue 


may occur as 


Laboratory Findings 

Consistent laboratory abnormalities 
matized animals undergoing surgery 
blood work done to assess the risk of anesthesia and 


car 


not present. Trau 


are 


occur in 


sufficient 


are rare m companion 
accessory carpal bone fractures occur in the 
right leg because of the counterclockwise direction of racing. 
Accessory carpal bone fractures are considered avulsion in- 

they occur at tendinous or ligamentous insertions 
and are classified according to site of injury on the 


surgery. 


DIFFERENTIAL DIAGNOSIS 


Fractures of the carpus/tarsus must be differentiated from 
ligamentous injury, which may occur concurrently with 
fractures. Standard radiographs are sufficient to make this 
observation. Calcaneal fractures must be differentiated from 
lacerations or rupture of the Achilles tendon. Acute lacera¬ 
tions have an open wound, and soft tissue i 
to an 

the calcaneus exhibit swelling caudal to the tarsus, and 
tation may be elicited on palpation. 


Junes since 


accessory 

carpal bone. Readers are referred to the suggested reading list 
for additional information about this injury in these breeds. 

Ihe most common tarsal fracture in companion 
is a transverse fracture of the calcaneus. Distraction of the 
fracture by the pull ot the gastrocnemius muscle prevents 
bone contact between fragments and interferes with healing; 
treatment methods must therefore resist the tensile forces at¬ 
tempting to separate bone fragments. Occasionally 
minuted fractures of the articular surface of the talus 


animals 


swelling is limited 
area proximal to the calcaneal tuberosity. Fractures of 


c repi - 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


c o m - 


o ecu r. 

As with all articular fractures, anatomic reduction and rigid 
fixation are needed for optimal outcome. Reconstruction 
may be difficult due to the small size of the trochlea and de¬ 
gree of comminution. If reconstruction 


Anatomic reduction and rigid fixation 

optimal outcome in animals with intraartlcular fractures of 
the carpus or tarsus; conservative treatment with 

effective. External coaptation 
calcaneal fractures because bandaging 


a re needed to r 


casts or 

a p p ro - 
or splint 


is not feasible, pri- 


splints is not 


is also not 


mary arthrodesis may be performed (see p, 1148), 
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with the tibia and fibula and distally with the central tarsal 
bone* The talus is divided into medial and lateral tiochleae 
that articulate with the tibia proximally and a body that ar¬ 
ticulates with the central tarsal bone distally. The sides of the 
trochleae articulate with the medial and lateral malleoli. 


application is ineffective in countering tensile forces pro 
duced by the Achilles muscle/tendon unit. 


SURGICAL TREATMENT 


The radial carpal bone is a major weight-bearing structure* 
Congruity of the articular surface between it and 
radius is necessary for optimal long-term function. Small 
chip fragments that cannot be stabilized should be removed; 
large fragments, however, should be anatomically reduced 
and rigidly stabilized with lag screws or a combination of lag 
screws and Kirschner wires. With calcaneal fractures, pull of 
the gastrocnemius muscle must be resisted with a tension 
band wire (see p. 880), lag screws, or a plate (Fig. 34-59). 
Fractures of the talus bone must be anatomically reduced 

and rigidly stabilized for optimal outcome. If preoperative 
assessment indicates that is not feasible, arthrodesis of the 
tarsocrural joint should be considered (see p. 1148). 


Positioning 


For carpal fractures the animal is placed in dorsal reeum 


ben cy. T h e I i mb should be clip p ed a n d p re pa red to r asep tic 


from the elbow to the digits* A hanging-limb prepa- 


s u rge ry 

ration facilitates limb manipulation during surgery Animals 
are placed in lateral recumbency with the affected limb up¬ 
permost for calcaneal fractures and in dorsal recumbency 
for fractures of the talus. With tarsal 


injuries the limb should 


be clipped and surgically prepared from the stifle joint to 


digits* 


SURGICAL TECHNIQUES 

Stabilization of Radial Carpal 


Preoperative Management 

Patients with comminuted fractures of the carpus/tarsus 
may present with open wounds. These wounds should be 
cleaned and protected from further damage and contamina¬ 
tion with a sterile bandage until surgery can be performed* 


Bone Fractures 

Make a craniomedial incision beginning 3 to 4 cm proximal 
to the radiocarpal joint (see p. 1091} t Extend fhe fncis/off 
distally to the midmetacarpus, ond incise subcutaneous tk- 

along the same line. Continue deep dissection medial to 
the ex tens o r carpi radialh tendon to expose the joint cap* 
sale, incise the capsule and identify the fracture plane 
through the radial carpal bone , Reduce the fracture and sta¬ 
bilize fragments with one or more lag screws 
Close the joint capsule and subcutaneous tissue with ab- 
sorbable suture, and close skin with nonabsorbable suture. 


sues 


Anesthesia 


See p. 824 for anesthetic management of animals with frac 
lures. 


Racing greyhounds should be anesthetized with spe- 


(Fig. 34-60). 


dal care. 


Surgical Anatomy 


The carpus is composed of ihe proximal and distal row of 
carpal hones. The radial carpal bone articulates primarily 
with the radius and serves as the major weight-bearing area 

carpal bone fractured in 


in the joint* It is the most common 

companion animals* 

The calcaneus is the largest of the tarsal bones* The distal 

half of the bone has two facets and two processes that artic¬ 
ulate with the talus to form a stable joint. Proximally the tu¬ 
ber calcanei forms a sturdy prominence to accommodate in¬ 
sertion of the Achilles tendon (see p. 1163)* The talus is the 
second largest of the tarsal bones. It articulates proximally 


FIG 34-59 

Transverse calcaneal Fractures can be stabilized with a 

plate. Oblique or slab fractures can be 

stabilized with lag screws. 


F 


Fi 


FIG 34-60 

Reduction of a radial carpal bone fracture with a lag screw 


band wire or 


tension 


K 
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Stabilization of Calcaneal Fractures 

Make an incision along the lateral surface of the calcaneus. 
Beg in the incision along the common calcaneal tendon, just 
proximal to the tuber calcanei , Continue the incision distally 
to the /eve/ of the tarsometatarsal joint . /nose superficial and 
deep fascia ovedying the caudal border of the calcaneus . 
Identify the lateral aspect of the superficial digital flexor ten¬ 
don, and make on incision parallel to this border. Retract the 
tendon medially to expose the caudal surface of the calca¬ 
neus . Reduce the fracture fragments , and place two small 
pins or Kirschner wires to maintain reduction . Drill a hole 
from lateral to medial in the distal fragment to accept ortho - 
peak wire. Proximolly, pass the wire around the ends of the 
pins or through a second predrilied hole positionec! through 
the body of the calcaneus proximal to the fracture. Tighten 
the wire to complete the tension bond procedure (see Fig r 
34-59), Replace the superficial digital flexor tendon f and su¬ 
ture surrounding deep fascia with absorbable material to 
maintain the position of the tendon. Then suture superficial 
fascia and skin using standard techniques , 

Stabilization of Talar Fractures 

Exposure of the trochlea and visualization of the fracture are 
best accomplished with an osteotomy of the medial malleo¬ 
lus, lb expose the lateral condyle of the talus, a distal fibula, 
transverse osteo to my is perform ed. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Necessary equipment includes Kirschner wire, small IM 
Steinmann pins, orthopedic wire, and instrumentation for 
insertion of lag screws. An air-driven or battery-operated 
drill is often helpful. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Coaptation with a soft padded bandage pos toper at ively 
controls bleeding and swelling. Postoperative pain manage¬ 
ment is indicated (see Table 34-5). Coaptation with a splint 
for 3 to 6 we e ks m ay be i ndi ca ted fo r act ive dogs. Con troll ed 
activity on a leash is mandatory until healing is complete. 
Short leash walks should be used initially to help maintain 
strength and joint mobility. The distance walked can be 
gradually increased. Passive flexion and extension of the 
carpus/tarsus can be performed to maintain joint motion, 
enhance patient comfort, and improve synovial nutrient 
presentation to the articular cartilage (see Table 34-6), Pins 
used in application of the tension band for stabilization of 
calcaneal fractures may irritate soft tissues and should be 
removed after healing. Screws used for reconstruction of ra¬ 
dial carpal bone/talus are not removed unless they cause a 
problem. 


PROGNOSIS 


Center the skin incision over the medial malleolus (see 
p. / 147), Begin 5 cm proximal to the malleolus and carry the 

incision di 


Prognosis with calcaneal fractures is excellent lor return to 
normal activity. Return to function with carpus/tarsus frac¬ 
tures is fair to good, depending on the degree of articular 
cartilage damage and whether the articular surface can be re¬ 
constructed. 


te the tarsometatarsal joint incise through 
peridot and deep fascia to identify the long component of the 
medial collateral ligament. Make o transverse f caudal to cra¬ 
nial incision through joint capsule overlying the distal tibia to 
allow visualization of landmarks for completion of an os¬ 
teotomy of the medial malleolus. Make the osteotomy deep 
enough to include most of the origin of the collateral ligament, 
hut do not interfere with the weight-bearing articular surface. 
Retract the malleolus and attached ligaments to expose the 
dus. Reduce fracture fragments and stabilize each with a lag 
screw or Kirschner wire (Fig. 34-61). Once fracture reduction 
ond stabilization are satisfactory, reduce and stabilize the me¬ 
dial malleolus with o tension band (see pp, 880 and 1017), 
Suture superficial and deep fascia with absorbable suture , 
ond close skin with nonabsorbable sutures . 


su- 


Suggested Reading __ __ 

Dee ]F: Tarsal injuries. In Bloomberg MS, Dee JF, Taylor KA, edi¬ 
tors: Canine sports medicine and surgery , Philadelphia, 1998, VVR 
Saunders. 

Hrcegan Mt.fi Somber T: Detailed anatomy of the antebrachiocarpal 
joint in dogs, Anat Rec 233:329,1992. 

Johnson KA: Carpal injuries. In Bloomberg MR, Dee IF, Taylor RA, 
editors: Canine sports medicine and surgery, Philadelphia, 1998, 
WB Saunders, 

Li A et al: Radial carpal bone fractures in 15 dogs, / Small Anim 
Pract 41:74,2000. 

Ost PC et al: Fractures of the calcaneus in racing greyhounds, Vet 
Surg 16:53, 1994. 










METACARPAL, METATARSAL, 
PHALANGEAL, AND SESAMOID 
FRACTURES AND LUXATIONS 




/ 


DEFINITIONS 


FIG 34-61 

Fractures of the talus may be stabilized with diverging 
Kirschner wires or Jag screws. 


Sesamoid bones are small, round or oblong bones found ad¬ 
jacent to joints. 
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late individual bones. Stress radiographs taken while the distal 
digit is displaced may be needed to show joint instability. 

Laboratory Findings 

Specific laboratory abnormalities are not present with these 
fractures or luxations. Traumatized animals should have suf¬ 
ficient blood work done to assess the risk of anesthesia and 

surgery 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Metacarpal and metatarsal bone fractures 
dogs and cats. They may result from a direct blow or iorce to 
the paw or may occur when the paw is caught in a trap. 
Metacarpal and metatarsal fractures are classified according 
to location (e.g„ base or proximal end of the bone, shaft, or 

diaphysis; head or 
of the base occur most often on the second and fifth bones 

because of their ligamentous insertions. Phalangeal fractures 
occur similarly in dogs and cats; however, fragments are of¬ 
ten smaller and more difficult to secure. There are two pal- 

plantar sesamoid bones per metacarpal or metatarsal 


are common in 


distal end of the bone). Avulsion fractures 


DIFFERENTIAL DIAGNOSIS 


Animals presenting with fractures of the metacarpal, mtna- 
tarsal , and phala ngea 1 bones s h o u 1 d be ca re fu 1 ly e va 1 uated tor 
concurrent ligamentous injury in the carpus, tarsus, and dis¬ 
tal joints of the paw. Radiographs help to differentiate be 
tween fractures and luxations caused by ligamentous injury, 


mar or 

phalangeal joint, numbered I through 8 beginning on the 
medial side. Sesamoid fractures occur after excessive tension 
the digital flexor tendons. Sesamoid bones 2 and 7 oi ei¬ 
ther the forelimb or rear limb are most often affected. Luxa¬ 
tions of the metacarpophalangeal joints or inter phalangeal 
joints typically occur in working dogs or racing greyhounds. 
Early surgical repair yields better results than closed reduc¬ 
tion and splintage since chronic instability leads to degener¬ 
ative joint disease and less than optimal function. 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


on 


Conservative treatment with a fiberglass bivalve cast or meta- 
splint (see p. 822) is appropriate for treating closed, nondis- 
placed metacarpal and metatarsal diaphyseal fractures affect* 

two bones, especially the second and fifth bones, 


mg one or 

This treatment is also appropriate for most phalangeal frac¬ 
tures and acute sesamoid bone fractures. The cast or splint 
should not be removed until there is radiographic evident 
that the fracture has bridged with bone (usually 4 to 8 weeks!, 
Chronic sesamoid fractures causing lameness do not usu¬ 
ally respond to conservative therapy. Acute luxations can be 
treated conservatively with a cast or splint but are best 
treated surgically in working or racing dogs. Chronic luxa¬ 
tions causing lameness do not respond to conservative care 
and are usually treated with arthrodesis or amputation. 


DIAGNOSIS 

Clinical Presentation 

Signalment. Any age, breed, or sex of dog or cal may be 
affected. Racing greyhounds develop stress fractures of the 
second metacarpal and third metatarsal bones of the right 
foot and luxations of the distal inter phalangeal joints. 
Sesamoid fractures are most common in large-breed dogs. 
History* There is generally a history of trauma. Dogs 
with sesamoid fractures may have a previous history oi acute 
lameness that subsided but recurred with exercise. 


F 


F 


ft 


5 | 




SURGICAL TREATMENT 


metatarsal fractures occurring in athletic or 


Metacarpal or 

racing dogs usually require anatomic reduction and rigid sta¬ 
bilization (plates and screws) for optimal return to racing 
form (Fig. 34-62). Avulsed fragments from the base of the sec¬ 
ond and fifth metacar pals/metatarsals generally require open 
reduction and internal fixation because their ligamentous in¬ 
sertions cause fragment distraction (Fig. 34-63). Fracture of 
the shaft of one or two metacarpal or metatarsal bones can be 
treated with external coaptation because the unaffected bones 
form an internal splint to prevent deformity (Table 34-14}, 
Fractures affecting three or four metacarpal or metatarsal 
bones may require internal fixation tor optimal alignment and 

outcome (Fig. 34-64; see also Fig. 34-62), 

Fractures of the phalanges occur less frequently but are 
handled similarly to metacarpal and metatarsal boric the 

Fractures of the proximal sesamoid bones oi the 


Ti 


Physical Examination Findings 

Animals with metacarpal, metatarsal, or phalangeal fractures 
present with a non-weight-bearing lameness of the affected 
limb. Soft tissues surrounding the fracture are swollen, crepi¬ 
tation can be palpated, and deformity of the paw may be 
noted. The animal will be in pain when the area is palpated. 
Dogs with sesamoid fractures* especially chronic fractures, 
usually have a weight-bearing lameness. Mild swelling may be 
evident, and affected animals have pain on deep palpation 

the bone. Dogs with joint luxations present with lame- 


M 


over 

ness, swelling over the affected joint, medial or lateral devia 
tion of the digit, joint instability, and pain on palpation. 


fi ft 


for 


NOTE • Most fractures in the paw cause non- 
weig hf bearing lameness, but sesamoid fractures 
cause less obvious lameness. 


ph; 


tares. 

metacarpophalangeal joints and metatarsophalangeal joint 
cause chronic lameness and are generally treated byremav- 


nal 


atic 


ing the fragments. 

Acute luxations are treated surgically with open reduc¬ 
tion and suturing of the joint capsule and collateral liga¬ 
ments. Failure of the initial surgical stabilization and chronic 
joint luxations are best treated with amputation (second or 


ass< 


fr at 


Radiography 


of £ 

or J 


Radiographs should include lateral and caudocranial views 
extending from the carpus or tarsus to the ends of the digits. 
Oblique views, with the digits spread, may be necessary to i 


folc 


iso- 
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flG 34-62 

Plate fixation of metacarpal/metatarsal fractures. Plate fixation 
is used when the fracture-assessment score is low or athletic 
function is desired, A bridging buttress plate h 
span and support a comminuted fracture (digit 2); 
compression plates have been applied to transverse fractures 
[digits 3 and 4); and lag screw compression of an oblique 
fracture line was protected by a neutralization plate (digit 5). 


FIG 34-63 

Lag screw fixation for avulsion fractures. Lag screws are 
used to counteract the pull of adjacent ligaments or 
compress oblique fractures. 


as been used to 


<» 


| TABLE 34-15 


Treatment Considerations for Luxations 




L 


TABLE 34-14 


* Acute luxations in working or racing dogs are best 
treated with open reduction and suturing of the joint 
capsule and collateral ligaments. 

* Chronic luxations of the second or fifth toe can be 
treated with amputation. 

* Arthrodesis of metacarpophalangeal and Enterpha- 
langeal joints can result in good function and pain relief. 


treatment Considerations for Metacarpal/ 
Metatarsal Fractures 


* Fractures of one or two metacarpal or metatarsal banes 
can be treated with a splint or cast. 

Fractures of three or four metacarpal or metatarsa 
bones should be treated with internal fixation. 

* Avulsion fractures should be treated with a lag screw. 

A splint or bivalve cast should be applied after internal 
fixation until there is radiographic evidence of bone 


. 


i 


f 


pins should be considered. If athletic function is desired, 
curate reduction and plate and screw fixation should be con¬ 
sidered. Non displaced avulsion fractures of the base or head 
of these bones can be treated with a splint or cast, but some 
displacement of the fracture usually occurs during the healing 
process. Open reduction and placement of a lag screw or ten¬ 
sion band wire offer the best chance for return to normal 
function. If the fracture-assessment score is 4 to 7 (e,g<> older 
or larger dogs, in which healing may he delayed; displaced 
comminuted fractures of diaphysis of three or four 
metacarpal or metatarsal bones; multiple limb fractures), 
treatment with open reduction and plate and screw fixations 
should be considered. Fracture-assessment scores less than 4 
indicate prolonged healing. Severely comminuted fractures or 
open fractures with degkmng injuries can be treated with 
bridging plates or external fixation with small pins and acrylic 


ae- 


I 


5 


i 


i 


fifth toe) or arthrodesis (middle weight-bearing third and 


digits) (Table 34- 


15 ) 


e 


Fixation systems applicable for metacarpal, metatarsal, and 
phalangeal fractures include orthopedic wire, 1M pins, exter¬ 
nal fixation, and plates and screws. The most appropriate fix¬ 
ation method should be determined based on fracture- 


e 


ts 


t- 


assessment score and fracture location (Table 34-16). If the 
fracture assessment (see p. 855) indicates rapid healing (score 
of ft to 10), conservative therapy is indicated; however, if three 
or four bones a re a fleet ed resulting in gross d isplacem e n t or 
folding of the paw, open reduction and stabilization with IM 
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PIG 34-64 

Intramedullary pinning technique used to treat multiple transverse or short 
oblique fractures in patients with high fracture-assessment scores. A slot i: 
developed in the distal metaphysis, and the pin is directed through the slot 
(praxi molly across the fracture line) and is seated i 
the metacarpal or metatarsal bone. 
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FIG 34-65 


A, Connect fixation pins with acrylic bars for ri 
This fixation does not interfere with open woum 
Type !b configuration and connect with acrylic. 


id stabilization of comminuted fractures. 

treatment, B, Alternatively, place pins in a 


ligai 
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to expose the bones or joints. Ventral approaches to the digits 
are made only to expose the proximal sesamoid bones. 


M TABLE 34-16 


Implant Use for Metacarpal/Metatarsal/Phalangeal 

Fractures According to Fracture-Assessment Score (FAS) 


NOTE • A tourniquet may help control hemorrhage 
from the paw. 


AS 0 to 3 


Bridging plates” 
External fixators* 


Lag screws for avulsion fractures 


Positioning 

I he entire distal limb should be prepared for aseptic surgery. 
The animal is placed in dorsal recumbency with the affected 
paw isolated for draping. The most accessible site for har¬ 
vesting a cancellous bone graft for the forelimb is the proxi¬ 
mal humerus; for the hindlimb the site is the proximal tibia 
(see p, 895), These areas should be prepared and draped if 
a bone graft is needed (e.g., comminuted fractures with 
fracture- assessme n t s co re less than 4). 

SURGICAL TECHNIQUES 

Stabilization of Transverse Metacarpal 
or Metatarsal Fractures 

Multiple, simple transverse (or very short oblique) 
metacarpal bone fractures can be repaired with IM pins. 

over the dorsal surface of the third and fourth 
hones « /nc/se subcutaneous tissues and e/e vote and retract 
extensor tendons to expose the fractures. Introduce the pin 
into the distal , dorsal surface of the bone to 
(use a high-speed burr to develop a slot in the bone). Blunt 
th e tip of th e pin to proven t if from penetro ting th e in tact op - 
posife cortex . Drive the pin through the slot and proximal!/ 
across the fracture line and seat it in the proximal bone 
ment Bend the distal end o f the pin to prevent migration and 
simplify removal , Repeat the procedure for at least the third 
and fourth metacarpal or 

cases all four bones; see Fig. 34 -64}. Protect the fixation with 
a splint or cast for 4 to 6 weeks , 


AS 4 to 7 

Bone plates and screws* 

Intramedullary pins* 

Lag screws for avulsion fractures 

ASS Id 10 

Splint or cast* 

Intramedullary pins* 

band wire for avulsion fractures 






Tension 


*Choice depends on 

placement, number of limbs injured, and desired function of animal 
[see text). 


number of bones fractured, comminution, di 


is- 


ffig- 34-65), Cancellous bone autografts are indicated in 
conjunction with open reduction to promote healing in these 
patients. 

Preoperative Management 

The paw should be temporarily stabilized with a soft padded 
bandage and metasplint (see p. 822) to immobili 
ments, decrease or prevent soft tissue swelling, protect or 
prevent open wounds, and increase patient comfort until 
surgery can be performed. Open wounds should be initially 
managed by carefully clipping surrounding hair, cleaning the 
wound, obtaining a sample for microbial culture and sensi¬ 
tivity testing, and administering broad-spectrum bacterici¬ 
dal antibiotics. Concurrent injuries should be managed be¬ 
fore anesthetic induction for fracture fixation. 

Anesthesia 

Refer to p. 824 for anesthetic management of patients with 
fractures. 


Incise skin 


avoid the joint 


ize 


seep 


metatarsal bone (and in some 


If more rigid fixation is required in animals with low frac¬ 
ture assessment (e.g., large dogs with multi pie-limb injury), 
bone plates can be applied as compression plates (see Fig, 

34-62). 


Surgical Anatomy 

The primary weight-bearing bones are the third and fourth 
digits. The superficial dorsal metacarpal or metatarsal artery 
courses over the dorsal aspect of the paw. The extensor ten¬ 
dons course down the dorsal aspect of each digit The flexor 
tendons and superficial and deep metacarpal or metatarsal ar¬ 
tery and vein lie on the palmar or plantar aspect of the digits, 
each joint has a medial and lateral collateral ligament. The 
paired proximal sesamoid bones are located caudal to the 
metacarpophalangeal or metatarsophalangeal joints and have 
firm ligamentous attachments. With minimal soft tissue 
mge, the bones and joints can be easily palpated. Skin inci¬ 
sions are generally made on the dorsal surface of the paw, di¬ 
rectly over the fracture or luxation. The extensor tendons and 
ligaments of the dorsal surface of the paw need to be retracted 


Stabilization of Avulsion Fractures 
and Oblique Diaphyseal Fractures 


Repair avulsion fractures of the base or head and intraortic 
ular fractures of the metacarpal, metatarsal 


or phalangeal 

bones using lag screws (see p. 884). Place lag screws after 
anatomic reconstruction of these fractures to counteract the 
pull of attached ligaments (see Fig. 34-63). Use orthopedic 
wire with Kirschner wires as tension band wire (see p. 880) 
in avulsion fractures in animals with patient fracture 

ment of 8 to 1 0, Reconstruct simple oblique fractures of the 
diaphyses with lag screws 

splint or bivalve cast; the screws only minimally interfere with 
function. If diaphyseal fractures require additional support , 
consider applying bone plates as neutralization plates . 


assess' 


and support the repair with 
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NOTE * Use anatomic reconstruction with lag 
screws for best results in athletic dogs. 






Stabilization of Comminuted 
Diaphyseal Fractures 

Repair severe// comminuted fractures of the diophyses of the 
metacarpal and metatarsal bones with small[ dynamic com¬ 
pression plates (2.7 or 2.0} or veterinary cuttable plate s (see 
882 J, which bridge the comminuted portions of the frac¬ 
ture (see Fig. 34-62). Leave fragments undisturbed, and at¬ 
tach the plate to the proximal and distal segments > App/y 
plates to two to four bones , depending on fracture configu¬ 
ration and number of hones fractured , Use a sp//nt or cast to 
support the fixation after surgery. Alternatively, insert multi¬ 
ple Kirschner wires or IM pins through the proximal and dis¬ 
tal segments of the bones and connect with acrylic to form 
an external fixator (see Fig. 34-65). 

This type of fixation is also useful for treating open 
tract ures. 


Incision 




for 


Incision 


second 
or fifth 


for 


third or 
fourth 


digit 


digit 
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Incision 

for distal 
jo i nt - 


1 


FIG 34-06 


Suggested skin incision lines and osteotomy lines for 
proximo! and distal digit amputation. 




NOTE * Aery tic fixator bars are versatile; they can 
accommodate various sizes of pins placed in multi¬ 
ple locations. 


bone. Make a transverse osteotomy line for the mterpho- 
iangeal joints and third and fourth metacarpal or metatarsal 
bones, but bevel the osteotomy distally toward the midlim 
for the second and fifth metacarpal or metatarsal bones. Su¬ 
ture soft tissues and skin i, taking care to obtain a cosmetic 

closure . 1 


l 


Sesamoid Bone Excision 

Incise the skin adjacent to the large central pad directly over 
the ventral aspect of the affected joint Continue the incision 
through subcutaneous tissues and identify the fractured 
sesamoid. Sharply dissect the sesamoid fragments from their 
ligamentous attachments . if the fragment is less than one 
third of the sesamoid bone , remove only the fragment, if the 
fragment is larger f remove the entire sesamoid bone. Suture 

subcutaneous tissues and skin separately 

Suture Repair of Luxations 

Incise skin and subcutaneous tissue dorsally over the affected 
joint to expose the torn joint capsule and co//atera/ liga¬ 
ments. Use multiple absorbable horizontal mattress sutures 
to repair the joint capsule and ligament. Continue to imbri¬ 
cate (tighten the joint capsule with mattress sutures) the cap¬ 
sular tissues until the joint is stable. Repair the capsule bilat¬ 
erally if necessary Also f inspect the extensor tendon 
retinaculum for tears , and stabilize it with interrupted su¬ 
tures. Suture subcutaneous tissues and skin , 

Digit Amputation 

Make an elliptic s kin incision paralleling the long axis of and 
around the digit , starting proximodorsally and ending dis- 
tally on the palmar or plantar surface (Fig. 34-66}. Preserve 
the pad if amputating at the interphalangeal joints. Disartic¬ 
ulate the joint with sharp dissection. Remove the sesamoid 
bones (metacarpophalangeal or metatarsophalangeal joint 
amputation), Resect the distal end of the remaining proximal 


x 


l 


a 


s 


c 


Arthrodesis 


t: 


Expose the joint using the approach described for suturing 
joint luxations. Open the joint capsule and remove the artic¬ 
ular cartilage with rongeurs. Conform the surfaces to obtain 
good contact at a functional angle (determined by observing 
adjacent toes). Temporarily hold the bones in position by 
driving small Kirschner wires from the dorsal surface of 
each bone across the joint surface . Contour a small pfote 
(2.0} to the dorsal surface of the bones. Attach the plate us¬ 
ing at least one lag screw across the joint surface (Fig, 
34-67 \ Aj. Alternatively, stabilize the arthrodesis with the 
small Kirschner wires and a tension band wire (Fig * 34-67\ 

cats when rapid healing is anticipated* 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


nn 


la> 


Equipment that should be available for management of frac¬ 
tures or luxations of the distal extremity includes IM pins, 
Kirschner wires, orthopedic wire, Jacobs pin chuck, wire 
tightener, plating equipment, hoof or dental acrylic, aid 
rongeurs, bone cutters, or an osteotome, A tourniquet ap¬ 
plied to the distal limb is useful for controlling hemorrhage 
during surgery, but should only be maintained for I hour 


Ot 


i w 


pre 


rer 


tioj 































971 


Management of Specific Fractures 


Chapter 34 


will develop progressive degenerative joint disease and cause 
lameness. Function after amputation of the second and fifth 

digit is 

better is the prognosis. Function after arthrodesis proce¬ 
dures is generally good. 


usually good. The more distal the amputation, the 




> _ ?r 




Suggested Reading 


Muir P, Norris JL: Metacarpal and metatarsal fractures in dogs* 
/ Small Anim Pract 38:344,1997, 

Kapatkin A, Howe-Smith R, Shofer F: Conservative versus surgical 
management of metacarpal and metatarsal fractures in dogs, Vet 
Comp Orthop Tfaumatol 13:123* 2000. 
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ACETABULAR FRACTURES 


lViKV. ■- 


m 34-67 

Arthrodesis of proximal interphalangeal joint with plate and 
ag screw (A) or Klrschner wires and tension bond wire (B). 


DEFINITIONS 


Acetabular fractures occur through the articular surface 
and medial fossa of the acetabulum. 


SYNONYMS 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Hip joint fmctit res 


Postoperative radiographs should be made to evaluate frac- 
turereduction and implant position, reduction of luxation 
and alignment of arthrodeses. Postoperative pain manage¬ 
ment may be indicated (see Table 34-5). Radiographs should 
pl repeated every 4 to 6 weeks until the ffacture(s) or the 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


s* 


■/ 




The hip joint transfers weight from the rear limb through 
the pelvis to the spine. Loss of normal articular contour be¬ 
tween the femoral head and acetabulum occurs if a displaced 
acetabular fracture is left to heal without surgical reduction 
and stabilization. The resulting degenerative joint disease 

may cause pain and lameness. 

Fractures of the acetabulum are classified according to 

involvement of the articular surface: cranial transacetabular, 
central transacetabular* caudal transacetabular, or commin¬ 
uted transacetabular. Central transacetabular fractures are 

followed by comminuted transacetabular 


14 * 


Table 34-7). The foot should be 


arthrodesis is healed (see 


c 


supported in a splint or bivalve cast until there is radi¬ 
ographic evidence of bone healing (even after internal fixa¬ 
tion). After digit amputation, the paw should be supported 
in a soft bandage for 1 to 2 weeks. After fracture healing, IM 
pirn, plates, and external fixators should be removed 

ic wire and screws may be left in place as long as no 
implant-associated complications arise. Limited activity is 
advised until there is radiographic evidence ol fracture 

bridging with bone. Owners should be instructed to confine 
immals to a small area (preferably a cage). 1 he cast or splint 
should be kept dean and dry* and the owner should observe 
it daily for evidence of slippage or irritation. 
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or- 


> 


c- 


rn 


’9 


ay 


most common* 

fractures (Fig. 34-68). 
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tie 
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DIAGNOSIS 

Clinical Presentation 

Signalmen*. Any age* breed* or sex of dog or cat may be 
affected; however* acetabular fractures are rare in cats. 

History, Acetabular fractures usually result from motor 
vehicle accidents but maybe associated with other forms of 
blunt trauma or tails. 

Physical Examination Findings 

Affected animals generally present for evaluation of 

ight-bearing lameness. Some patients bear weight 
the affected limb if fracture displacement is minimal. 
Pain can generally be elicited on 
joint, but crepitation may or may not be present. 


ig 


l he 


PROGNOSIS 


S7, 


Most metacarpal and metatarsal fractures progress to heal- 
jif Fractures of the diaphyses of three or four metacarpal or 
metatarsal bones treated with a metasplint may develop de¬ 
layed union or mal union and may become nonunions. 
Other potential complications include iatrogenic infection 
fwith open reduction) and secondary degenerative joint dis¬ 
ease after articular fracture. In most cases* however, the 
prognosis for normal limb function after fracture healing or 
removal of fractured sesamoid bones is good. 

Prognosis for function after surgical repair of joint luxa- 
tions depends on the stability of the repair. Unstable joints 
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SURGICAL TREATMENT 
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Anatomic reconstruction of the articular surface and rigid 
stabilization are mandatory to restore acetabular joint func¬ 
tion and minimize degenerative joint disease. Previously it 
was believed that fractures involving the caudal third of the 
articular surface of the acetabulum did not require surgery. 
This concept has been refuted with a long-term clinical 
study that showed the majority of these patients exhibit pain 
and show radiographic evidence of osteoarthrosis when 
treated conservatively (Boudrieau and Kleine, 1988). Plate 
and screw fixation is the preferred approach for acetabular 
reconstruction and stabilization regardless of the fracture- 
assessment score. Successful outcome has also been reported 
when screws and orthopedic wire are reinforced with poly¬ 
methyl methacrylate (Lewis et al, 1997). Dogs with irrepara¬ 
ble acetabular fractures may be candidates for femoral head 
and neck ostectomy (see p* 1100), but the acetabulum 
should still be bridged and stabilized with a bone plate to de¬ 
crease pain and to encourage early motion, which h para¬ 
mount to a successful outcome. 
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Application of Bone Plates and Screws 

Adequate exposure and manipulation of the caudal acetab¬ 
ular fragment are important components to anatomic re¬ 
duction and plate application. Accurate plate contouring is 
essential for retaining anatomic reconstruction of the artic¬ 
ular surface. A specially designed curved canine acetabular 
plate is easier to contour to the dorsal rim of the acetabu¬ 
lum than standard plates and is recommended tor acetabu¬ 
lar fractures. J 


PIG 34-66 

Ventrodorsal radiograph of centra! transacetabular fracture 
with comminution arising From the medial fossa. 


i 


I 


Radiography 

Ventrodorsal and lateral radiographs should be taken to assess 
the fracture plane. Mediokteral radiographs or oblique radi¬ 
ographs often help delineate the fracture. The radiographic 
appearance of an acetabular fracture may be misleading in 
that the fracture may seem to be comminuted when there is 
actually a single fracture line through the articular surface. 
The bone fragments in these cases arise from the medial-ven¬ 
tral fossa of the acetabulum and are not from the weight-bear¬ 
ing articular surface of the acetabulum (Fig. 34-68). 

Laboratory Findings 

Consistent laboratory abnormalities are not present. Trauma¬ 
tized animals undergoing surgery should have sufficient blood 
work done to determine the optimal anesthesia regimen. 


. 
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Alternatively, use a reconstruction plate that can be con* 
toured with specially designed bending pliers in the direction 
of both its long and short (width) axes. Precontour the phis 
to o similarly sized bone specimen of a pelvis to aid fracture 
reduction and minimize surgical time , Stabilize smaller dogs 

with 27 T 
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NOTE • A high rate of implant failure has been re¬ 
ported when 2.0 implants are used to repair pelvic 
fractures [Roush and Manley, 1992). 
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DIFFERENTIAL DIAGNOSIS 


tre 


gk 


Differential diagnoses include capital physeal fractures, cox- 
ofemoral luxations, proximal femoral fractures, and ipsilat¬ 
eral ilial or ischial fractures. 


Preoperative Management 

Urination and bowel movements should he monitored 
before surgery. Respirations should be monitored, and 
chest radiographs are indicated. An electrocardiogram is 
useful to determine cardiac rhythm, particularly if periph¬ 
eral pulses appear weak or irregular. Analgesics should be 
considered in patients that appear to be in pain (see Table 
34-5). 

Anesthesia J 

Special anesthetic considerations for patients with orthope¬ 
dic disease are discussed on p. 824. I 
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MEDICAL OR CONSERVATIVE 
MANAGEMENT 


ner 


tra 


34- 


To maintain joint congruity and the normal distribution of 
stress over the articular surface, reduction and stabilization 
of acetabular fractures arc recommended in all cases. If the 
client cannot afford surgery, conservative treatment maybe 
considered; however, it may result in less than optimal limb 
function. Conservative treatment for acetabular fractures is 
similar to that for ilial fractures (see p. 976). 
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the insertions of the gem ell us muscle and 
tendon of the internal obturator, and preplace a suture 
through the two insertions near 
cise both structures together at the trochanteric fossa, 
and elevate the gemellus muscle from the caudolateral 
surface of the acetabulum with a periosteal elevator (Fig. 
34-69, E). Use the suture to retract the muscle proximolly 
and caudally. 

if necessary for caudal fragment control, expose the tu¬ 
ber ischium and place a bone holding forceps on it (Fig. 
34-70), When reducing the fracture, pay particular atten¬ 
tion to the alignment of the articular surface, which is fa¬ 
cilitated by incising the joint capsule (Fig. 34-69, EJ. Place 
plates on 

place at least two plate screws in the caudal fragment and 
three plate screws in the cranial fragment (Fig. 34-70). Af¬ 
ter reduction an 


Surgical Anatomy 

The hip joint is a ball-and-socket joint comprising the 
femoral head and acetabulum. The normal conformation, 
surrounding musculature, suet ion like effect of the synovial 
fluid, and ligament of the femoral head act to stabilize the 
joint. The articular surface is on the dorsolateral face of the 
acetabulum, and the medial face is occupied by the round 
ligament. The fibrous joint capsule originates from the lat¬ 
eral acetabular rim and inserts onto the femoral neck. Stabi¬ 
lizing musculature surrounding the hip includes the gluteal 
muscles, internal and external rotators, and the iliopsoas 
muscle medially. 

I The sciatic nerve courses dor so medial to the acetabu- 
I lum. Fractures cause the caudal acetabular segment to be- 

come displaced medial and cranial to the cranial segment. 
She sciatic nerve may be positioned directly dorsal or dor- 
I solateral to the caudal acetabular segment. Caution must be 
| exercised when exposing and reducing the caudal segment 

to avoid damaging this nerve. Soft tissue bruising and 
1 swelling often distort the normal anatomy. Dissection adja¬ 
cent to the greater trochanter facilitates correct tissue iden- 
tification and reflection. The insertion of the deep gluteal 
muscle at the greater trochanter can be used as a landmark 
*1 for dissection. 


Visualize 


the trochanteric fossa . tn- 


the dorsal rim of the acetabulum. Attempt to 


d stabilization, suture the gemelli and in¬ 
ternal obturator tendon to their points of insertion , Suture 

joint capsule . Reduce and stabilize the greater 
trochanter with two Kirschner wires and a tension band 
wire. Place interrupted sutures in the insertion at the 
perfidol gluteal muscle and a continuous suture in the in¬ 
sertion of the tensor fasciae latae muscle and deep leal of 
the fascia lata. Use a continuous suture in the superficial 
leaf of the fasciae latae and the subcutaneous tissue. Su- 


the 


su- 


Positioning 

The animal is positioned in lateral recumbency with the dor¬ 
sum raised 30 degrees from the operating table. The hip 
should be prepped from the dorsal midi me to the tarsus. A 
hanging-leg preparation facilitates manipulation of the limb 
during surgery. 


fare skin with an interrupted suture pattern . 


r 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Equipment is needed for application of an acetabular 
bone plate or reconstruction plate (see p. 882) and an os¬ 
teotome and mallet or Gigli wire are necessary to perform 
a trochanteric osteotomy. Small pins and wire are used 
to stabilize the trochanteric osteotomy with a tension 
b and. 


l- 


SURGICAL TECHNIQUES 


tn 


m Males a sfein incision centered over the cranial border of 


te 


fhe greater trochanter. Begin the incision 3 to 4 cm proxi- 
ma/ to f^e dorsal ridge of the greater trochanter, and curve 
JfcfefaNy 3 to 4 cm, following the cranial border of the fe¬ 
mur Incise the superficial leaf of the fascia lata at the era- 
■ flial border of fhe biceps remans muscle, and retract the 
™ muscle caudally (Fig. 34-69, AJ, Incise the deep leaf of the 

fascia iafa, and carry the incision proximo/// through the 
insertion of fhe tensor fasciae latae muscle at the greater 


re 


gs 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative radiographs should be taken to assess frac¬ 
ture reduction, articular alignment, and implant position. 
Postoperative pain management is indicated (see Table 34- 
5). A postoperative fracture evaluation schedule is shown 

in Table 34-7. Limit activity to leash walking until radi¬ 
ographic evidence shows that the fracture has healed. 
Physical therapy may aid rehabilitation (see Table 34-6). 
Healing generally occurs between 6 and 12 weeks, depend¬ 
ing on the biologic fracture assessment. Implants are not 
routinely removed. Occasionally the tension band wire and 
Kirschner wires need to be removed because of soft tissue 

irritation. 


■ trochanter and along the cranial border of the superficial 

gluteal muscle. Incise through fhe insertion of the super t: 

rial gfuteaf muscle at the third trochanter. Reflect the su- 
I perfic fa I gluteal muscle proxi molly and the bleeps femoris 
I coudfllly to find and visualize the course of the sciatic 
I nerve (fig. 34-69, Bj. Perform an osteotomy of the greater 
I trochanter with on osteotome and mallet or Gigli wire (Fig. 
34-6P, Cj. Position the osteotome just proximo/ to fhe in¬ 
sertion of the superficial gluteal muscle at fhe third 
trochanter, Angle the osteotome 45 degrees to the long 
axis of the femur fo remove the trochanter with the laser - 
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red 
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i be 
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PROGNOSIS 


The prognosis is good to excellent if the acetabular fracture 
is anatomically reduced and appropriately stabilized. Unsat¬ 
isfactory limb function is associated with sciatic nerve injury 
and osteoarthrosis. 


fions of the deep gluteal and middle gluteal muscles (Fig. 
U4?, DJ, Reflect the gluteal muscles and greater 
fr chanter from the joint capsule with a periosteal elevator 


ope- 
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FIG 34-70 


Reduce the acetabular fracture by manipulating the caudal Fragment with a bone-holding 
forceps secured to the ischium. Hold the fracture in reduction with bone-holding forceps 
placed across the lesser ischlafic notch, and stabilize it with a bone plate and screws. 


it 


Dr 


IUAL, ISCHIAL , AND PUBIC FRACTURES 


Roudrieau R], Kleinc LI: Nonsurgkally managed caudal acetabular 


DEFINITIONS 


(1979-1984), / Am Vet Med Assoc 


fractures in dogs: 15 cases 


Fractures may occur through the body or wing of the ilium. 
Fractures of the ischium and pubis may occur through the 


193:701,1988. 


Lewis DD ct al: Results of screw/w ire/poly methylmethacrylate 


composite fixation for acetabular fracture repair in 14 dogs. Vet 


ischial body, floor, or pubis. 


.Wg 26:223, 1997. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Roush IK, Manley PA: Mini plate failure after repair of Ilia I and at- 
etabluhr fractures in nine small dogs and one cal, / Am Anirn 


Hasp Astoc 28:112, 1992. 


The pelvis is a boxlike structure, and the hemipelvis must be 
fractured at three different sites to displace bone fragments. 
Typically the ilium, ischium, and pubis are fractured simul¬ 
taneously resulting 
fected limb to the spine, as well as instability and pain. Be¬ 
sot! tissue injury may accompany obvious bony injury 


Suggested Beading 


Tump CE: Principles of pelvic fracture management, Semin Vet 

Mid Surg (Small Amin) 7:63,1992, 

Dvh ], HQuiton JEF; Use of reconstruction plates for repair ot ac¬ 
etabular fractures in 16 dogs, / Small Anim Pract 34:547, 1993. 
bardie RJ, Bertram JEA, Todhuntcr Rf, Trotter Hj: Biomechanical 
comparison of two plating techniques for fixation of acetabular 

pgeotomi es in dogs 
Olmstead ML, Mat is U: Fractures of the pelvis. In B tinker WO, 
01 instead ML, Sumner-Smith G, Prieur WD, editors: Manual of 
uncrnal fixation in small animals , ed 2, New York, 1998, Springer. 


in loss of weight transfer from the at 


ca us e 

careful patient assessment is necessary. Bladder and urethral 
rupture may occur concurrent with pelvic fractures, partic¬ 
ularly if the bladder is full at the time of impact (see p, 587). 

Muscle separation or a\ 
the rectus abdominis muscle and herniation of abdominal 


, Vet Surg 28:148, 1999. 


uision of the bony insertion of 
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259). Herniation of abdominal 

and necrosis of tissue if 
not initiated* Impaired 


viscera may also occur (see p* 
viscera may result in strangulation 

riosis and treatment are 

and motor functions of the lumbosacral plexus or 


early diag 


s en so ry 

sciatic nerve may result from an dial fracture. 


NOTE • Because concurrent injuries |e*g„ bladder/ 
urethral tears, hernias, peripheral nerve injuries) are 
common in patients with ischial, ilial, or pubic frac¬ 
tures, a complete physical examination is necessary. 


Isolated ischial or pubic fractures are rare. When ischial 

combination with other pelvic 


or pubic fractures occur in 
fractures, reduction and stabilization of the primary weight- 

acceptable reduction and 


bearing 

stabilization of the pubis and ischium* The most common 
reason for surgical intervention of a pubic or ischial fracture 
is associated soft tissue herniation. Herniation of abdominal 


result from separation of the pubis symphysis or 


viscera can 

from cranial pubic ligament avulsion; rarely, herniation may 
occur caudal to the acetabulum. 


DIAGNOSIS 

Clinical Presentation 


sex of dog or cat may be 


Signalment, Any breed, age, 
affected. 


History* Vehicular accidents are the usual cause of ilial, 

and pubic bone injuries, but gunshot injuries, 


ischial, 

dog fights, and blunt trauma may also result in these pelvic 
fra ct u re s, 


Physical Examination Findings 


weight-bearing 


Affected animals usually present with non 
lameness; with minimal displacement and solt tissue injury, 
however, they may be partially weight bearing* Severe bruis¬ 
ing is common in patients sustaining pelvic fractures, but 

urethral trauma should be suspected if ventral abdominal 

The integrity of abdominal 


[ 


FIG 34-71 

A, Preoperative and postoperative radiographs (B) showing 
reduction and placement of a bane plate and screws to 
stabilize an ilial body fracture. 


is severe or progresses, 
usculatu re should be carefully assessed and function of the 


m 


sciatic nerve determined before surgery. 


Radiography 


Ven t redorsu 1 and 1 atera 1 radiographs shou 1 d be taken to as¬ 
sess the degree of injury to the hemipelvis and delineate frac- 

(Fig. 34-71). Additional diagnostic tests (e.g., 

be needed to confirm the 


DIFFERENTIAL DIAGNOSIS 




include fracture/separation of the 


Differential diagnoses 
sacroiliac joint, acetabular fracture, and coxofemoral luxation. 


ture planes 

cystogram, urethrogram) may 

presence or absence of soft tissue injury* 


E 


ti 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


n 


tl 


Laboratory Findings 

Consistent laboratory abnormalities are not found. Bladder 
or urethral rupture may result in azotemia and hyperkalemia 

(see p. 

should have sufficient blood work done to assess the risk of 
anesthesia and surgery. 


Conservative treatment is indicated with ilial fractures that arc 


T 


F 


minimally displaced and relatively stable. Conservative treat¬ 
ment may also be considered in patients if the owners are un¬ 
able to afford surgery. The 


a. 


588). Traumatized animals undergoing surgery 


pelvic girdle is unstable when frac- 
excessive weight bearing may cause further media] 


[1 
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Preoperative Management 

Urination and bowel movements should be monitored be¬ 
fore surgery {see above). Respirations should be monitored, 

and chest radiographs are indicated. An electrocardiogram is 

useful to determine cardiac rhythm, particularly it periph¬ 
eral pulses appear weak or irregular. Analgesics 
considered in patients that appear to be in pain {see Table 


, resulting in continued pain 


displacement of the hemipelvis 

and further compromise of the pelvic canal. Conservative 
treatment is also appropriate for isolated ischial and pubic 
fractures. If they occur in combination with other pelvic ttac- 
, reduction and stabilization of the primary weight-bear¬ 
ing segment (i.e., ilium, acetabulum) results in acceptable re¬ 
dact i on and stabilizatio n o i the p ubis an d iseh ium. 

Conservative therapy should include enforced rest for the 
initial 3 weeks after injury After 3 weeks, supervised activity 
leash should be encouraged for an additional 4 weeks, 
with the amount of exercise gradually increased. NSAlDs can 

be used to control inflammation and pain (see p. 
the animal must be observed for adverse side effects {vomit- 

The animal should be maintained on 


should he 


lures 


34-5). 


Anesthesia 

Refer to p. 
patients with orthopedic trauma. 


824 for a discussion of anesthetic management of 


on a 


1024), but 


Surgical Anatomy 


we 11 - 


mg, melena). 

padded bedding that is changed frequently to prevent decu- 
bital ulcers and urine scalding. Bowel movements should be 
monitored and stool softeners given 


formed by the dial wing and ilial body. The llial 

cognized by the palpable it- 


The ilium is 

wing is located cranially and is 

ial crest dorsaUy The bone curves medially to allow for the 
middle and deep gluteal muscles; bone is thin and may not 
hold implants well in this area. The sacroiliac joint is located 
medially. The body of the ilium is rectangular and located 
between the wing of the ilium cranially and acetabulum cau- 

dally. The ilial body holds implants well because ot its corti¬ 
cal dimensions. The sciatic nerve is located medial to the 
body, along its dorsal longitudinal plane. Reestablishment of 

ilial integrity is required for weight transfer from the limb to 

axial skeleton. With ilial fractures the caudal fragment is of- 

of the ilium. 


re 


if necessary. Warm- 

be used to decrease odor and improve 

flexion and extern 


water sponge baths may 
patient comfort. Physical therapy (passive 
sion of the hip, stifle, and tarsal joints) should be per formed 

and muscle contracture. Passive movement 


to preve nt j o i n t 

be replaced by more 
walking up a grade) as healing progresses 


active therapy (e,g., swimming, 

(see Table 34-6). 


can 


NOTE • Limb manipulation may be painful in these 

animals. Be sure that owners are not bitten when 

performing physical therapy. __ 


displaced medially and cranially to the wing 

it is often helpful to identify the 


ten 


For orientation purposes 

ventral border of the ilial wing. The deep gluteal muscle is 

and lies between the two fragments, because the 

be sandwiched between the dorsal holders 
fragments, fragment manipulation should be 


usually torn 

sciatic nerve may 


SURGICAL TREATMENT 


is indicated with ilial fractures when nerve entrap- 

dis- 


Surgery is 

merit is suspected or when there is moderate to severe 
placement and instability Animals that have sustained bilat 
m\ pelvic limb injury benefit from surgery because they are 
able to walk more quickly and require less intensive postop¬ 
erative care. Surgery is indicated for ischial fractures associ¬ 
ated with soft tissue herniation or for reestablishment of in¬ 
tegrity in the pelvic girdle ot intact female dogs or cals that 
will be bred. Surgery is also indicated lor pubic fractures as¬ 
sociated with soft issue herniation. 


of the two 
done carefully. 


NOTE • Use caution when dissecting near the dor- 
l ilial border (or when placing bone-holding for- 

the dorsal border] to prevent injury to the 


sa 


ceps over 
sciatic nerve. 


The ischium is formed by the lesser ischiatic notch cra- 
ischial floor medially, and ischial tuberosity caudally. 

be exercised with surgical dissection of the i 

of the sciatic nerve. Identifi- 


w i n g 


n tally, 

Caution must 


NOTE • Inform owners that although many frac- 
fjres heal adequately with conservative therapy, sur- 
will shorten the rehabilitation time. 


IS- 


chial notch due to the presence 

cation of the nerve is necessary for exposure and implant 
application. The sciatic nerve is protected once the insertion 
of the external rotators is incised and reflected. 

Herniation of soft tissue is the most common 
for repair of pubic fractures. Often the 

bruised and swollen, making identification of normal 
anatomic landmarks difficult. The key for surgical dissection 
is to begin cranial to the injury where the ventral midline is 
visible. Surgical dissection can be continued caudally along 


gery 


Application of Plates and Screws 

Sone plates are the only implant that can be curved to mimic 
the shape of lateral surface of the ilium and onee appliti ■ 11 

maintain the reduction of the ilium in that shape. Restoring 

the curve of the ilium prevents collapse ol the pelvic canal. 
The dynamic compression plate is used most frequently (see 

be used when there 


indication 

area is 


rf the 

tat ion. 


sur 


that are 
e treat - 
are un- 
cn frac- 

- medial 


fig, 34-71), Reconstruction plates 
concurrent ilial body and ipsilateral acetabular fractures. 

ilial fractures with a long oblique configuration may also be 


ca n 


the midline to expose the fractured pubis. The obturator 
foramen is located caudal to the cranial pubic brim. I lernia 

repair is discussed on p. 260. 


.ire 


readily stabilized with l ag sc rews. 
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a guide for 


ventrodorsal radiograph of the opposite ilium 
plate contouring. Reduce the fragment with bone-holding 

forceps, and attach the plate to the caudal fragment first to 
allow the contour of the plate to assist in reduction of the cra¬ 
nial fragment Clomp the cranial portion of the plate to the 
cranial fragment of the ilium, then place screws in 
nial fragment. 


NOTE * If dissection is done near the obturator 

foramen, caution must be used with lateral surgical 
approaches because the obturator nerve passes 
through the foramen in this region. 


era* 


Positioning 

For ilial and ischial fractures the patient is positioned in lat¬ 
eral recumbency. The surgical site should be prepared from 
the dorsal midline to the stifle joint and from a point 10 cm 
cranial to the ilial crest to the tailhead caudally. Animals with 
pubic fractures should be positioned in dorsal recumbency 
and the ventral midline prepped from the umbilicus to the 

perineal region. 


Caudal distraction of the 
achieved, but lateral distraction of the caudal fragment m 

be difficult. 

Use the contour of the plate to aid in mediolaterol reSc 
fion of the fracture. The shape of the precontoured plate 
helps bring the caudal fragment into position . Place at least 
three plate screws in the cranial fragment and two in fa 
caudal fragment (Fig. 34-73}, To close the incision , place 
sutures between the fascia of the middle gluteal muscle 
and tensor fasciae latae muscle cranially and the superb 
dal gluteal muscle and tensor fasciae latae caudally. Ap 
proximate deep gluteal fat, subcutaneous tissue, and skin 
routinely. V 

Stabilization of the Ilium with Lag Screws 

Reduce the fracture as described above , and temporarily 
stabilize it with bone-holding forceps. Rotate the hemipelm 
to visualize the ventral surface of the body of the Ilium, on d 
insert two small Kirschner pins from ventral to proximal Fe 
achieve additional stability, place two 
proximal (Fig. 34-74). 

Approach to and Stabilization 
of Ischial Fractures 

Make o skin incision 

greater trochanter ; Reflect the bleeps femoris mus 
to expose the sciatic nerve and external rotators as fay in¬ 
sert into the trochanteric fossa (see previous discussion e [ 
surgical anatomy), incise and reflect the insertions of fa &tr 
ternal rotators caudally to expose the ischial body. Rmice 
and stabilize the fragments with a small bone plate ana 1 
screws or a tension band (Fig. 34-75). J] 


SURGICAL TECHNIQUES 

Approach to the Ilial Body 

A4ake an incision from the cranial extent of the iliac crest 

beyond the greater trochanter caudally. Cen- 

the ventral third of the ilial wing . In¬ 
cise subcutaneous tissues and gluteal fat along the same 
line to visualize the intermuscular septum lying between 

■ddle gluteal muscle 


to 1 to 2 cm 


ter 


met Sion over 




d long head of the tensor fas¬ 
ciae latae muscle (Fig. 34-72, A). Visualize the intermus¬ 
cular septum between the superficial gluteal and short part 
of the tensor fasciae latae caudally Continue the incision 
to separate the tensor fasciae latae and middle gluteal 
muscles cranially and the tensor fasciae latae and superfi¬ 
cial gluteal muscles 

separate the nv 
tensor fascia lata muscle (Fig. 34-72 , BJ. Palpate the ven¬ 
tral border of the ilium, and make an incision at the ven¬ 
tral border of the middle gluteal muscle . Isolate and ligate 
the iliolumbar vessel t and reflect the deep and middle 
gluteal muscles from the lateral surface of the ilium (Fig, 
34-72 1 CJ, If additional exposure is needed, incise the 
branch of the cranial gluteal nerve that innervates the ten¬ 
sor fasciae latae muscle. Also dissect the origin of the mid¬ 
dle gluteal from the cranial wing of the ilium to achieve 
additional exposure and to ease reduction . 


the 


mi 


sc rews ven fra I b 


auda//y, Sharply dissect cranially to 
\ddle gluteal muscle and long head of the 


adjacent to the caudal border of th 


c/e ccwtWJv 


Approach to and Stabilization 
of Pubic Fractures 


id/ine fin the 


NOTE • To increase exposure when inserting lag 
screws, incise through the origin of the i I locus mus^ 
cie along the ventral border of the ilial body 


Make a skin incision along the ventral m 
dog adjacent to the pen tie sheath). Visualize ffie mr 
crania/ to the pubic brim, and incise through fa thsiM 
overlying the pubic symphysis . If herniated tissues are; 
present, be careful to avoid inadvertently incising 
tures. Replace the herniated tissues info the abdominal cor 
ity (see p. 260). Use a periostea/ elevator to reflect adduoot 
muscles from the pubis. Reduce the fragments and drill Wes 
m adjacent fragments for placement of orthopedic wire 

to stohi/ize m 


vital strut' 


Stabilization of the Ilium with a Bone Plate 

Reduce the fracture by placing bone-holding forceps 
the dorsal edge of the caudal ilial fragment and retracting It 
caudally. Be careful not to injure the sciatic nerve when ma¬ 
nipulating the fracture fragments. Contour a plate to fit the 

I curvature of the lateral surface of the bone , Use a 


over 


(Fig. 34-76). Place and tighten the wire 

fragments. 
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FIG 34-75 

Stabilization of ischial fracture with bane plate and screws. 


strkted to leash walks until evidence of radiographic healing 
is present. Radiographs should he taken to assess healing 
6 weeks after surgery. Implants can remain unless they are 
causing pain or lameness. 


PROGNOSIS 


The prognosis is excellent for return to normal function 
with most ilia! fractures after surgery. Factors that warrant a 
more guarded prognosis include ipsilateral acetabular (rac- 
tures, with potential development of osteoarthrosis. The 
prognosis for isolated pubic and ischial fractures is excellent 
for return to normal function. If other pelvic fractures are 
present, the prognosis depends on how these fractures heal 
rather than the pubic or ischial fracture outcome. 




Suggested Reading 


DeCamp CE: Principles of pelvic fracture management, Semin Vet 

Med Surg (Small Amin ) 7:63,1992. 

Olmstead ML, Mat is U: Fractures of the pelvis. In B r inker WO, 
Olmstead ML, Sumner-Smith G, Prieur YVP, editors: Manual of 
internal fixation in small animals , ed 2, New York, 1998, Springer. 
Pier m attei D L, Flo G L: Handbaok of' smali animal orth opedics aiid 
fracture treatment* ed 3, Philadelphia, 1997, WB Saunders. 
VanGundy TE: Fixation for iliac fractures. Vet Med Rep 2:303, 1990, 




FIG 34-76 

Pubic fractures can 
wire serves 


be stabilized with orthopedic wire. The 


to align the bone fragments 


SUTURE MATERIALS AND 

SPECIAL INSTRUMENTS 


SACROILIAC LUXATIONS 
AND FRACTURES 


Instruments for implantation of bone plates and screws are 
needed. Bone-holding forceps and self-retaining retractors 
are beneficial. Eor pubic fractures the symphysis can be sta¬ 
bilized with 20-gauge orthopedic wire in small and 
medium-sized dogs and 18-gauge wire in larger dogs. 


DEFINITIONS 


Sacroiliac luxation results when there is disruption of the 
articulation between the wing of the sacrum and ilial wing. 
S a cr a I fr act u re may acco m p a ny s ac ro i 1 iac 1 uxation, 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative radiographs help to evaluate fracture reduc¬ 
tion and implant placement. Postoperative pain manage- 

indicated (see Table 34-5). Activity should be re- 


SYNONYMS 


Separation of the sacroiliac joint 


is 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


duel ion is indicated with significant narrowing of the pelvic 
outlet, which could lead to constipation or obstipation. Con¬ 
servative treatment of sacroiliac fractures is similar to that 
for ilial fractures (see p. 976). 


The sacroiliac joint is often injured when the pelvis is frac¬ 
tured. Displacement of the pelvic girdle after a fracture re¬ 
quires bilateral separation of the sacroiliac joints, fracture of 
the pelvic bones at three sites, or a combination of these in¬ 
juries. One of these points of fracture usually is a separation 
of the sacroiliac articulation. The femoral and sciatic nerves 
are close to the sacroiliac joint, and concurrent nerve dam¬ 
age may occur. Preoperative attention to neurologic status is 
necessary before treatment. Neurologic deficits are common 
when sacral fractures traverse the spinal canal or sacral 
foramina (Anderson and Coughlin, 1997). 


SURGICAL TREATMENT 


Surgical stabilization of a sacroiliac fracture-separation 

be accomplished with bone screws or small in¬ 
tramedullary pins; most veterinary orthopedic surgeons 
prefer the former 


Preoperative Management 

Patients with sacroiliac injuries should be adequately stabi¬ 
lized before fracture treatment. The animal s neurologic sta¬ 
tus must be determined p re op era lively, because urinary 
trauma may be associated with pelvic fractures, function of 
the lower urinary tract should be determined before sur 
repair of the sacroiliac fracture. 

Anesthesia 

Refer to p. 824 for anesthetic considerations of patients with 
traumatic orthopedic disease. 

Surgical Anatomy 

The sacroiliac joint has two distinct components; a semilu¬ 
nar, crescent-shaped synovial joint and a fibrocartilaginous 
synchondrosis, The joints strength is derived from dorsal 
and ventral ligaments as well as the fibrocartilaginous syn¬ 
chondrosis (Fig. 34*77). 

Positioning 

The animal should be positioned in lateral recumbency with 

the dorsal midline raised 43 degrees from the table. The pre¬ 
pared area should extend from the do rsal mid line to the sti¬ 
fle joint and from a point 10 cm cranial to the ilial crest to 
the railhead caudally. 


DIAGNOSIS 

Clinical Presentation 

Signalment. Any age, breed, or sex of dog or cat may be 
affected. 

History. Sacroiliac luxations and fractures are most of¬ 
ten caused by motor vehicle accidents. 

Physical Examination Findings 

Patients are usually non-weight-hearing or minimally 
weight bearing on the affected limb. If there is contralateral 
long bone or pelvic injury, however, the animal may be re¬ 
quired to bear weight on the limb with sacroiliac luxation. 
Swelling, pain, and crepitus are often not apparent. When 
the patient is sedated, dorsoventral movement of the ilium 
can be detected. 


Radiography 


Ventrodorsal and lateral radiographs must be taken to assess 
the degree of injury to the hemipelvis and delineate fracture 

Special attention should be paid to identifying sacral 
fractures because they are often missed. The width of the 
pelvic canal should be ascertained. 


planes. 


Laboratory Findings 

Consistent laboratory abnormalities are not present. Trau¬ 
matized animals undergoing surgery should have sufficient 
blood work done to assess the risk of anesthesia and surgery. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include fracture of the hem 
ilium and acetabulum) and sacral fractures. These fractures 

usually be differentiated with appropriate radiographs. 


is (ue. 


can 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


Most patients function normally with asymmetric cranio- 
caudal positioning of the hip joints. Conservative treatment 
is indicated with minima) patient discomfort and minimal 
displacement of the hemipelvis or when financial limitations 
preclude surgery. The majority of patients treated conserva¬ 
tively for a sacroiliac luxation regain normal function. How- 

lameness may persist for up to 12 weeks. Surgical re¬ 


FIG 34-77 


Lateral surface of sacroiliac joint. Note C-shaped zone of 


articular cartilage (arrows). 
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SURGICAL TECHNIQUES 

Surgical Approach 


Elevate the middle gluteal muscle from the lateral surface of 
the ilium to expose the ilium further for placement of im¬ 
plants. To close the incision , suture fasciae of the middle 
gluteal and sacrospinal is muscles with an absorbable suture 
in an interrupted pattern . Then suture subcutaneous tissues 
and sk in us ing s tanda rd m eth ads. 

Stabilization Using a Screw 

Once the joint is exposed, position a blunt Hohmann retrac¬ 
tor between the ilium and ventral bony shelf of the sacrum. 
Reflect the ilium ventrally with the retractor 


c 


■I Make a skin incision beginning over the dorsal iliac crest 

Old continuing cau dally, parallel to the s pine fa a point even 
wft/i /fie hip joint (Fig, 34-78). Incise subcutaneous tissues 
ana pelvic fat along the same 

tnche through the periosteal origin of the middle gluteal 
ffiuscfe on the lateral ridge of the iliac crest . Make a second 
MHon through the periosteal origin of the sacrospinal is 
muscle on the medial ridge of the iliac crest _ The incisions 
merge caudal Iy w he re it may be n eces s a ry to Inc is e th ro ugh 

fibers of the superftaol gluteal muscle . 


X 


line to expose the iliac crest 
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L- 
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This maneuver exposes the crescent-shaped articular 
cartilage and fibrocartilaginous joint surfaces of the 
sacrum. To position a screw properly in the sacrum, direct 
visualization of the lateral surface of the sacral wing is pre¬ 
ferred . 


l- 


The supporting ligamentous tissues between the sacrum 
and ilium are usually separated with the impact of the origi¬ 
nal trauma, Therefore incision of the lumbar fascia allows lat¬ 
eral reflection of the ilium and exposure of the sacroiliac joint. 
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FIO 34-78 

To expose the sacroiliac joint through a dorsal exposure, make an incision over the iliac 
crest. Reflect the gluteal muscles laterally and the sacrococeygeus dorsalis lateralis muscle 
medially. 

















984 PART IV 


Orthopedics 


r . Pel vic canal 


Use the appropriately sized drill bit to drill a thread hole 

proximal to the center of the 
crescent-shaped articular cartilage. The depth of the thread 
hole in the sacra! body should be such that the screw tip will 

extend to the midline of the sacral body Determine the 
proper location of the glide hole in the ilium by palpating the 
articular prominence on the medial surface or the iliaI wing. 
Drill the glide hole at the predetermined position with the ap¬ 
propriately sized drill bit :. A glide hole is not needed if a 
partially threaded cancellous 
proper length 


ening than those that are placed more shall owl) 
narrowing may be present after sacroiliac luxation healing and 
is related to the preopera t iye wid! h of the pe 1 v 
et al t 1997), Severe pelvic canal narrowing can result in pelvic 
canal stenosis, which can cause obstipation and dystocia. 


cranial and 2 


mm 


mm 


■ i c canal (Ave riJ 1 


References 
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development of pelvic canal stenosis secondary to sacroiliac sep¬ 
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screw is used. Advance the 
through the glide hole until the tip ap¬ 
pears on the medial surface of the ilium. Bring the ilium 
dolly in alignment with the articular surface of the sacro 
joint. Visually guide the screw tip into the prepared thread 
hole in the sacrum , and tighten the screw (Fig. 34-79). 


* P * 


ac 


Suggested reading _ _ 

01 instead ML, Mai is U: Fractures of the pelvis. In B linker WO, 
Olmstead ML, Sumner-Smith G, Prieur WD, editors: Mamdof 
internal fixation in small animals, ed 2, New York, 1998, Springer 
P ier m attei DL, Flo GL; Handbook of smaU animal orthopidks mi 

fracture treatment, ed 3, Philadelphia, 1997, WB Saunders, 
DeCamp CE: Principles of pelvic fracture management, Sewin Vet 
Med Surg (Small Amin) 7:63,1992. 

Radasch RM et al: Static strength evaluation of sacroiliac fracture- 
separation repairs, V&Swrg 19:155, 1990. 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


c 


c 




Instruments required for placement of a lag screw arc rec¬ 
ommended. A Hohmann retractor and a drill sleeve facilitate 
implant insertion. 


F 


t 


r 


POSTOPERATIVE CARE 
AND ASSESSMENT 


c 


I 


Activity should he restricted to leash walking for 3 weeks; 
activity can then he gradually increased over the ensuing 
3 weeks. Radiographic evaluation may he needed to ascer¬ 
tain pelvic width after healing. Implants do not need to be 
removed unless they cause a problem. 
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FEMORAL FRACTURES 
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FEMORAL DIAPHYSEAL FRACTURES 


ti 


PROGNOSIS 


te 


DEFINITIONS 


The prognosis for return to normal activity is excellent after 
surgical stabilization of sacroiliac luxations and fractures. An¬ 
imals treated with surgical stabilization usually return to limb 
function within 6 weeks. Longer rehabilitation times can be 
expected without surgery Factors that influence the prognosis 
i n clu de a cc u ra cv o f i m pi ant pi ace men t and d c p th of th e i m - 
plant. Screws placed in the sacral body that in depth exceed 
60% the width of the sacrum are less likely to have screw loos- 


P 


The femoral dtaphysLs (shaft) is the midportion of the bore 
that curves craniocaudallv in dogs and lies between the artic¬ 
ular extremities. An intramedullary (1M) pin placed into 
the femur in a norinograde fashion is inserted from the 
trochanteric fossa across the fracture line and sealed in th 
femoral condyles. An IM pin placed m the femur in a retro¬ 
grade fashion is inserted at the fracture line^ driven proxiinuHv 

to exit the trochanteric fossa, and then (alter fracture reduc¬ 
tion ) driven across the fracture and into the distal fragment. 


P< 


nc 
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ca 


su 


ca 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Be 


ne 


M< 


Femoral fractures are usually caused by trauma. Occasion¬ 
ally a patient will present with an acute femur fracture with¬ 
out discernible or historical trauma; fractures in these pa¬ 
tients may be secondary to preexisting bone pathology. 
Primary or metastatic bone tumors are the most common 
cause of pathologic fractures. When preexisting disease b 
present, radiographs made at the time of injury show corti 
cal lvsis and new bone formation in the area of the fracture. 
High-velocity injuries are the most common type of 
trauma causing femoral fractures in veterinary patients 
Most injuries result from automobile accidents, but gunshoi 
injuries and blunt trauma are also common. A thorough 
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FIG 34-79 


Cai 


Postoperative radiograph showing proper placement of 

stabilize sacroiliac luxation. 


bone screw to 
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Chapter 34 


sufficient blood work done to determine appropriate anes¬ 
thetic regimens and concurrent diseases* 


physical ex a m inati o n is n e cess a ry to r u! e out con c u r ren tin- 
jury (e.g,, thoracic trauma, eoxo femoral luxations, pelvic 
girdle injuries). Careful thoracic auscultation and percus¬ 
sion help detect cardiac or airway abnormalities. Abnormal 
heart rhythm and pulse deficits suggest traumatic myocardi¬ 
tis, whereas lack of normal air movement on auscultation 
may indicate pulmonary contusion, pneumothorax, or di¬ 
aphragmatic hernia. T horacic radiographs and a lead 11 elec¬ 
trocardiogram are useful and should be done routinely as 
part of the anesthetic preoperative database for patients sus¬ 
taining high-velocity injuries. 

Coxo femoral luxations (see p. 1 
rentiy with femoral fractures. Diagnosis 
radiographs are taken to evaluate the femur, since swelling in 
the limb often precludes palpation of bony landmarks used 
for assessing femoral head position relative to the hip joint. 
Concurrent fractures or luxations must be considered when 
choosing the appropriate implant for fracture stabilization. 
Observation of pelvic girdle symmetry and gentle rectal 
pat ion he!p determin c l he p re se n ce of p elvic fractu res. Addi - 
tional radiographs centered on the pelvis are indicated if ab¬ 
normalities are found. If fractures of the pelvis are found, 
careful assessment of urinary tract integrity is recommended. 

DIAGNOSIS 

Clinical Presentation 

Signalmen!. Any age, breed, or sex of dog or cat may be 
affected, but young male dogs are most likely to have 
trauma-induced femoral fractures. 

History, Trauma may or may not have been observed Of¬ 
ten the animal ns found with a non-weight-bearing lameness. 

Physical Examination Findings 

Patients wilh femoral diaphyseal fractures are usually 
non-weight bearing and have varying degrees of limb 
swelling. Pain and crepitus can 

manipulation. Proprioception may appear abnormal be 
cause the animal may not lift its paw when placed on its 
sum. The animal's reluctance to move 
caused by pain. 

Radiography 

Both craniocaudal and lateral radiograph 
necessar y to assess th e ext ent of bo n e an d so ft tiss u e i n j u ry. 
Most affected animals have pain on limb manipulation and 
require sedation for proper positioning to obtain quality ra¬ 
diographs. Alternatively radiographs can be taken under 
anesthesia just before surgery; however, this reduces the 
amount of time available for planning surgical repair. If 
bone plate fixation is contemplated, radiographs ot the con¬ 
tralateral limb are 
These radiographs can be used to contour the bone plate 
more precisely before surgery reducing operative time. 

Laboratory Findings 

Consistent laboratory abnormalities are not present. Ani¬ 
mals sustaining fractures secondary to trauma should have 


DIFFERENTIAL DIAGNOSIS 


Femoral fractures should he differentiated from muscle con¬ 
tusion, coxofemoral luxation, fractures of the pelvic girdle, 
and ligamentous injury to the stifle. 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


The fracture must be stabilized to allow adequate healing. 
Casts or splints are not recommended for femoral fractures 
because adequate stabilization of the femur is difficult using 
these methods. However, animals that have stable or incom¬ 
plete fractures and 
p. 856) may heal despite lack of rigid fixation. Analgesics 
may be administered to increase patient comfort during the 
perioperative period (see Table 34-5). 


may occur concur- 


is often made when 


excellent biologic assessment (sec 


d 


SURGICAL TREATMENT 


IM pins, interlocking nails, 1M pins plus external skeletal fix¬ 
ation, external skeletal fixators alone, and bone plates may be 
used to repair femoral diaphyseal fractures. The implant sys¬ 
tem chosen should reflect the patient fracture assessment 
(see p. 855). Factors that impair healing include multiple in¬ 
juries, a large active patient, and the need for open reduction 
and tissue manipulation to reduce and apply imertragmen- 
tary compression. If a long duration to healing is expected, 
the implant needs to remain functional for 8 or more weeks; 
i m p 1 a n ts th at p u rdi a se b o n e w i th t h re a d s a re d e si r a bl e. W i t h 
shorter healing periods, implants that have frictional hold 
(smooth pins and wire) are adequate. 


rf 
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Application of Intramedullary Pins 

An IM pin provides excellent resistance to bending but does 
not resist rotational forces or axial loading. Additional im¬ 
plants must be used to provide appropriate mechanical sup¬ 
port for most fractures. Generally an IM pin should equal 70% 
lo 80% of the diameter of the marrow cavity. Because an 1M 
pin traverses the entire length of bone, it must pass through the 
entire length of marrow cavity. The femoral diameter and cur¬ 
vature dictate the size of pin that can be used (see Surgical 
Anatomy section). An IM pin can be normograded or retro¬ 
graded for placement in the femur (see p. 984). The advantage 
of normograde placement is that the pin can be placed later¬ 
ally, adjacent to the greater trochanter (see Fig. 34-80). This po- 
■ 

sitions the pin so that it passes through less soft tissue than 
when placed in a retrograde fashion and also ensures that the 
pin is positioned lateral to the sciatic nerve. The disadvantage 
of normograde placement is that it is difficult to identify the 
correct entry point into the bone because insertion of the pin 
into the trochanteric fossa is generally done blindly. To nor¬ 
mograde an IM pin, a small skin incision 

entry over the bony prominence of the greater 
trochanter. Palpation of the greater trochanter may be difficult 
if the limb is swollen secondary to trauma of the soft tissues. 
L imited surgical exposure may be needed to locate the greater 
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The advantage of retrograde pin placement in the fe 
is the ability to visualize 

The disadvantage of retrograde placement is the diffi- 


mur 


trochanter prominence. After the greater trochanter is located 
using palpation or direct exposure, the point of the pin is 

pushed through 
trochanteric ridge. The pinpoint is walked oft the medial edge 

trochanter until it falls into the trochanteric 


the pin s site of insertion at the firac- 


soft tissues until it contacts the most proximal 


t u re, 

culty in controlling the pin s site of exit at the trochanteric 
fossa because the pin may exit too far medially, causing soft 
tissue irritation and increasing the risk ot sciatic palsy. 


of the greater 

fossa, from this point the pin is driven through the proximal 
metaphyseal cancellous bone in a slightly caudomedia! 
tion. As the pinpoint emerges from the marrow cavity at the 
fracture site, the fracture is overreduced and the pin driven into 


in the trochanteric 

is appriM 


To ensure that the pin exits more laterally 
fossa with retrograde p/acemenf use a pm 

ateiy 70% the diameter of the isthmus. As the pin is being 

retrograded (driven through the proximo! fragmentl force 
foe shaft of the pin against the caudomedia! cortex of the 

proximal fragment ■ 4 


the distal fragment (see Fig. 34-80). 


m 


a d- 


Normograde placement of the pin is 

it allows the pin to be inserted 

be done with retrograde 


NOTE • 

vantageous because 

more laterally than can 
placement. To help identify the correct entry point for 

the pin, consider a limited surgical exposure of the 
greater trochanter. 


This compels the tip of the pin to glide along the cranio- 
lateral cortex of the proximal fragment and to exit more lat¬ 
erally in the trochanteric fossa. This maneuver is more effec¬ 
tive with midshaft and proximal femoral fractures: the more 
distal the fracture, the more difficulty in controlling retro¬ 
grade placement. 


pproacfres the trochanteric fossa, hold foe 

hip extended and adducted position while foe pin 

fo avoid penetrating the sciatic 


When the pin 

in a 


a 


exits the trochanteric fossa 


has exited through the trochanteric 


Once the pin 


nerve . 

fossa, overreduce the fracture and 
fragment (Tig. 34-8 J )< 


foe distal 


in 


: failure to hold the Femur ad- 


NOTE * Warning: 
ducted and the hip in extension when driving an IM 

pin retrograde through the trochanteric fossa may in¬ 
jure the sciatic nerve. 


-* :• 




' 


is normugraded or retrograded. 


Whether the IM pin 
overreduction of the fracture is preferred (Fig. 34-82), Overre- 
duction of the distal fragment helps compensate for the nor 
mat craniocandal femoral curvature and allows the pin to he 
seated better in the distal extremity Over reduction is accom¬ 
plished by bringing the distal fragment forward, using the cra¬ 
nial cortex as a fulcrum point. If the fracture has a simple 

oblique configuration, the cranial cortices of 


i 




i 




transverse or 

both fragments are in contact, and this point oi contact be 

the fulcrum for overreduction. II the fracture is com- 


1 


1 


i 


i 


comes 

minuted, the cranial cortex of the fragment can be used as a 
reference point to overreduce the fracture. To estimate the ap¬ 
propriate pin length, a second pin equal in length to that 
placed in the marrow cavity can be used tor a point of refer- 

The pin in the marrow cavity is driven distally until it is 


w 


-V>. 




! 


, 


ence. 

well seated in the cancellous bone of the femoral condyles 
The reference pin is then compared to the pin placed in the 

cavity by approximating ihe position of the proximai 
tips of both pins and laying the reference pin over soft tissues 
outside the limb. When the distal tip of the reference pin is 

the level of the proximal pole of the patella, the surgical 
wound is closed and radiographs taken to verify proper place- 
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FIG 34*80 

For normograde placement of an intramedullary pin in the 

that it enters the bone proximally in 


m arrow 


f- 
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femur, insert the pin 
the croniolateral trochanteric fossa, Direct it caudally to 

glide along the caudal cortex, and seat it in the 

caudocentral aspect of the condyle. 
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useful to control physiologic forces acting on fractures dur¬ 
ing healing. An IM pin that occupies 50% to 60% ot the 
medullary cavity is hist inserted in a normograde or retro¬ 
grade manner. This is followed by insertion of an appropri¬ 
ate number of fixation pins. T he number and type of fixa¬ 
tion pins vary with the rigidity of fixation desired and the 


meat of the IM pin. In cats, normograde or retrograde place¬ 
ment can be used, and overreduction ol the distal fragment is 
not necessary (see Surgical Anatomy section). 


NOTE * Always have a reference pin available 
that is the same length as the IM pin being inserted. 


Application of Interlocking Nails 

Interlocking nails can be used to stabilized both single and 
comminuted middiaphyseal femoral fractures. The inter¬ 
locking nail provides resistance to bending, rotational, and 
axial loading forces and can effectively bridge a nonreducible 
fracture. An open approach is used to reconstruct reducible 
fractures. An “open but don't touch 1 ' approach is used when 
major segment alignment is the goal The size of nail selected 
should correspond to the width of the medullary canal at the 
isthmus of the bone. Although the medullary reaming may 
he normograde or retrograde, the interlocking nail is in¬ 
serted in a normograde manner starting at the trochanteric 
fossa. Slight overreduction of the distal femur may be neces¬ 
sary to insert the nail an appropriate distance into the distal 




segment (Fig. 34-83; see also p* 876). 


Application of External Skeletal Fixation 

Combining the bending support of an IM pin with the axial 
and rotational support provided by an external fixator is 




Lateral 

view of femur 


FIG 34-82 

Overreduction of the distal fragment for proper placement of 
an intramedullary pin into the condyles. 
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FIG 34-81 

For retrograde placement of an intramedullary pin in the 
lemur, insert the pin into the marrow cavity at the fractu 
surface. Force the shaft of the pin against the caudomedia 
cortex and drive the pin proximally. Reduce the fracture, and 
drive the pin distally to seat in the caudocentral aspect of 
the femoral condyle. 
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FIG 34-83 

Placement of interlocking nail in the femur. 
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length of time the fixator must remain in place. Because fix¬ 
ation pins that pass through the large thigh muscles cause 
patient discomfort, however, it is advisable to use as few fix¬ 
ation pins as possible. Pins should also be placed through 
zones where they will penetrate the least soft tissue. A single 
external bar with one fixation pin placed proximal to the 
fracture and one placed distal to the fracture is a common 
configuration for moderately stable fractures. The proximal 
fixation pin is placed laterally at the level of the third 
trochanter. A small Kirschner wire is used as a “feeler 11 pin to 
identify a proper angle of insertion for the fixation pin that 
avoids intersecting the IM pin (see p. 867). The distal fixa¬ 
tion pin is inserted laterally 2 to 3 cm proximal to the 
femoral condyles. The fabella is usually palpable and can be 
used as a landmark for this pin; a small Kirschner wire can 
be used as a feeler pin to avoid intersection with the IM pin. 
For unstable fractures, additional fixation pins may be 
ad ded ■ d a t h i rd fix a t ion pin is d es i red, p rc >x i m a I place m e n t 
causes less discomfort than distal placement. The third pin is 
placed craniolateral at the level of the third trochanter at a 
60-degree angle to the first fixation pin. A feeler pin is again 
used to avoid the IM pin. The two proximal pins and one 
distal pin arc connected, forming a triangular external frame 
that enhances the strength of the fixation system. 

Alternative strategies are also effective to enhance rigidity 
of the fixation while minimizing the number of fixation 
pins. For example, placement of an additional external bar 
and connecting the IM pin to the external fixator frame to 
make a tie-in configuration increase the fixation system 
strength without adding to patient morbidity through place¬ 
ment of additional fixation pins. 

t he use of external skeletal fixation as the sole means of 
s tab i I izat i o n to r com pi ex fem o ra 1 f ra c t u res has gai n ed po p u - 
larity in recent years. When applied to the femur, stress on 
transfixation pins is high because of the long distance from 
the external bar to the point where the transfixation pin en¬ 
ters the bone (because oJ the muscle mass in this area) and an 
inability to use stronger bilateral frames. Thoughtful preop¬ 
erative planning and strict adherence to application princi¬ 
ples are necessary to avoid fixator-related complications and 
unacceptable patient morbidity, especially in animals with 
low fracture-assessment scores. Open reduction is recom¬ 
mended to achieve adequate spatial alignment of the femur. 
Achieving spatial alignment is assisted through placement of 
a temporary IM pin through the intact proximal segment of 
bone, across the fracture site, and into the distal segment of 
intact bone. In keeping with the concept of bridging os¬ 
teosynthesis, bone fragments in the area of comminution are 
not reduced or manipulated (see p, 890), The most proximal 
and distal fixation pins are placed into their respective 
metaphyseal-epiphyseal junctions. There is usually no prob¬ 
lem bypassing the IM pin, but a feeler Kirschner wire can he 
used to find an appropriate site for the fixation pin. The ex¬ 
ternal bar is connected to the proximal and distal fixation pin 
to maintain spatial alignment of the femur, and the tempo¬ 
rary IM pin is removed. The remaining fixation pins are then 
placed and connected to the external bar. The number and 


type of fixation pins used depend on rigidity and duration of 
function needed tor the external skeletal fixator. It is better 
initially to be too rigid than to have an insufficiently rigid fix¬ 
ator. Overly rigid fixators can be destabilized as the fracture 
heals, whereas inadequately rigid fixators result in premature 
fixation failure and high morbidity. 


1 


s 
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L 


1 


* Multiple transfrxation pins increase mor¬ 
bidity and may reduce postoperative limb function. 


NOTE 




A 


Application of Bone Plates and Screws 

Bone plates are ideally suited for complex or stable fractures 
of the femur when prolonged healing (bone union) is antic¬ 
ipated or when optimal postoperative limb function is desir¬ 
able. Plate size depends on palieni size and plate function. 
The plate may serve as a compression plate, neutralization 
plate, or buttress plate. Regardless of function, the plate is 
placed on the lateral tension surface of the femur. A mini¬ 
mum o f t h re e p I at e sc re ws (si x co rt ices} p roxi m a ] and thnee 
plate screws distal to the fracture is recommended with com¬ 
pression or neutralization plates. A minimum of four plate 
screws (eight cortices) proximal and distal to the fracture is 
recommended for buttress plates, A compression plate is 
used with transverse or short oblique fractures, A neutral¬ 
ization plate i s u sed w i th 1 o n g o bl iqu e fractu res o r co m m i n 
uted fractures when the bone fragments can be reduced md 
stabilized with compression screws or cerclage wire, A but¬ 
tress plate is used with comminuted fractures when the bone 
fragments cannot be reduced anatomically or when at¬ 
tempted reduction and stabilization of the fragments would 
cause excessive soft tissue trauma. The plate is contoured to i 
reflect the femoral anatomy, most easily by contouring the 
plate to a era n i oca u d al rad i og ra p h of the co n t ralaterali i ra b, 
Spatial alignment of the bone is assisted by insertion of an I 
IM pin. The pin may be retrograded or normogradd I 
through the proximal intact segment of bone, passed I 
through the fragmented section of bone, and seated into \k I 
distal intact segment of bone. Passing the pin into the distal 
intact seg me n t o f bone wit ho u 11 ighti y res t rich ng movemen f 
of the distal fragment allows the pin to distract the proximal I 
and distal segments to regain femoral length. In keeping 
with the concept of bridging osteosynthesis, the bone frag- I 
ments in the comminuted area are not disturbed. Once spa- I 
tial alignment of the femur is achieved, the bone plate is at- I 
tached to the bone with plate screws at the most proximal I 
and distal plate holes. If the alignment pin is removed, bi 
cortical plate screws (screws that engage both cortices:, 
used. Alternatively, the alignment pin can he left in place to 
achieve a plate/pin buttress of the fracture. In this case, bt- 
cortical screws are used proximally and distalIv and mono' I 
cortical screws centrally. The plate/pin combination in- 
creases the strength and fat igue 1 ife of the fixation and till I 
protects the plate from premature breakage. The plate/pin 
system can be destabilized at 6 to 8 weeks by removing the 
IM pin. A cancellous bone graft (see p, 893) can be harvesicd 
and placed in the fracture zone. I 
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Preoperatfve Management 

The patient should be stabilized before fracture treatment. 
Fractures of the femur are not usually immobilized preoper- 
atively because of the difficulty in applying coaptation 
splints. Contraction of thigh muscles helps immobilize bone 
I fragments, but patients should be confined to a small area 
| until surgery. Analgesics are administered as required (see 

[ Table 34-5). 

Anesthesia 

Anesthestic management of patients with fractures is dis¬ 
cussed on p. 824. Patients that have sustained significant soft 
tissue injury and bony comminution or those requiring ex¬ 
tensive exposure and soft tissue manipulation will benefit 
from a preoperative epidural agent (see Table 33-5h An 
epidural anesthetic may make fracture reduction easier. 

Surgical Anatomy 

Fhe shape of the femur dictates the pin size that can be used. 
The diameter of the femoral marrow cavity varies along its 
length and is narrower proximal! y than distally, 'The narrow¬ 
est area of the marrow cavity is called the isthmus. In the fe¬ 
mur the isthmus is located within the proximal third of bone, 
fust distal to the third trochanter. When choosing an appro¬ 
priate IM pin, the diameter of the marrow cavity at the isth¬ 
mus must be considered and can be estimated from preoper¬ 
ative radiographs. Curvature of the femur also governs pin 
size. The canine femur is normally curved in a cranial to cau- 
ial direction; the curvature is most accentuated in the distal 
: : iird of the fernur. The amount of curvature varies between 
breeds, but the greater the curvature and more distal the frac- 
ture, the smaller the pin must be for proper seating within the 
femoral condyles. Proper implantation technique can com¬ 
pensate for the curvature of the femur to some extent, but the 
normal curvature remains a limiting factor when choosing 
the pin to be inserted, fhe cross-sectional diameter of the fe¬ 
line femur is uniform from proximal to distal. 


Rotational alignment is achieved in nonreducible com¬ 
minuted fractures by (1) aligning the roughened caudal sur¬ 
face of the femur of the attachment of the adductor magnus 
muscle or (2) achieving the normal spatial relationship 
(generally 90 degrees) between the greater trochanter and 
the patella. 

Positioning 

Position the patient in lateral recumbency. It is advantageous 
to use a hanging-leg preparation to allow maximum manip¬ 
ulation of the limb during surgery. The leg is prepped from 
the dorsal midline to the tarsal joint. A donor site for can¬ 
cellous bone graft harvest is prepared at the ipsilateral prox¬ 
imal humerus. Alternatively the ipsilateral ilial wing or prox¬ 
imal tibia Is used. 




SURGICAL TECHNIQUES 




Surgical Approach 
to the Femoral Diaphysis 

Make an incision along the craniolateral border of the thigh 
lFig . 34-84, Aj. Ensure that the incision is made slightly 
more cranial than lateral because the exposure plane will be 
at fh e cran ia I border of the of ceps , 


s 


e 


is 


IS 


The length of the incision depends on the type of implant 
used for stabilization and fracture configuration. In general, 
bone plate insertion and comminuted fracture patterns re¬ 
quire a longer incision. 

Incise the superficial leaf of the fascia lata along the cranial 
border of the biceps femoris muscle for the length of the in¬ 
cision (Fig, 34 84, Bj. Retract the biceps femoris caudally to 
expose fhe vastus lateralis muscle (Fig, 34-84, C}. Incise the 
fascial septum of fhe vastus lateralis as it inserts at the cau¬ 
dal lateral border of the femur. Reflect the vastus lateralis 
from the surface of the femur to expose the femoral diaph¬ 
ysis (Fig. 34-84 , D| Carefully manipulate soft tissues and 
fracture hematoma to allow fracture reduction and applica¬ 
tion o f a fixation system , 

Stabilization of Midshaft Transverse 
or Short Oblique Fractures 

From a mechanical perspective, midshaft fracture configura¬ 
tion allows load sharing between hone and implant after sur¬ 
gery. Stabilization of transverse or short oblique fractures re¬ 
quires rotational and bending support. This can be achieved 
with bone plates, interlocking nails, or an JM pin with an ex¬ 
ternal fixator (Fig. 34-85). 

Implants used to treat patients with a low fracture-assess¬ 
ment score (0 to 3) include a bone plate and screws (func¬ 
tioning as a compression plate) and an interlocking nail. Im¬ 
plants used in patients with a moderate fracture-assessment 
score (4 to 7) include bone plate and screws, an interlocking 
nail, or an EM pin combined with or tied in to an external 
skeletal fixator. If an external skeletal fixator is used, the 
transfixation pins can be raised-threaded profile or a combi¬ 
nation of raised-threaded and smooth pins, depending on 
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NOTE * The anafomy of the canine and feline fe¬ 
mur differs, The cat femur is straighten with little or 
no cranial to caudal bend. 
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Nornial anatomy of the femur and surrounding tissues 
nuv be less apparent when fractures are present. Soft tissue 
si elling aid bruising vary depending on the velocity of the 
in,'uri. The vastus lateralis muscle often appears swollen and 
bruised when the fascia lata is incised. Cranial retraction of 
die vastus lateralis may be aided by gentle release of the mus¬ 
cle from the distal femoral caudo 1 atera 1 surface. Hernatomas 
and serum are frequently encountered, which may make ihe 
fractured banes difficult to identify; Proximal and distal frac- 
m segments can be identified using a combination of gen- 
:!i retraction and probing. It is often useful io begin dissec- 
: or. proximal or distal to the fracture site in an area of more 
normal anatomy. The dissection is then carried into the frac- 
lure zone. 
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?• V 


0 - 3 , 4-7 


FIG 34-85 

Recommended methods for stabilizing transverse or short oblique femoral fractures based 
on Fracture^jssessment score. If fracture-assessment score is 0 to 3, a compression plate 
may be used. If fracture-assessment score is 4 to 7, a 2-pin external skeletal fixator plus !M 
pin (tie-in configuration) and cruciate hemicerclage wire may be used. With Fracture- 
assessment scores of 8 to 10, an IM pin plus cruciate hemicerclage wire or IM pin plus 
2-pin external skeletal Fixator provides necessary stability. 


the length of time the fixator will be in place. Implants used 
in patients with a high fracture-assessment score (8 to 10) 

with 2-pin external skeletal frxaton The 
transfixation pins can be smooth pins or negative-profile 


include an IM p 


pins. 


Stabilization of Midshaft Long Oblique 
Fractures or Comminuted Fractures with 
One or Two Large Butterfly Fragments 

From a mechanical perspective, these fractures can be re¬ 
duced and in ter fragmentary compression applied with cer¬ 
clage wire or lag screws. Once the inter fragmentary fracture 
lines are reduced and compressed, the bone is able to share 
loads with the implant postopenatively, removing undue 

the implant and its attachment site. Stabilization ai 
■.his type of fracture requires axial, rotational, and bending 
support. This can be achieved with bone plates; Interlocking 
nails; IM pins, cerclage wires, and external skeletal fixator 
combinations; or IM pins plus cerclage wires (Tig, 34-86). 

Fixation systems used in patients 
assessment score (0 to 3) include inter fragmentary compres¬ 
sion with lag screws combined with neutralization plates or 
interlocking nails to protect the reconstruction (Fig, 34-87). 
Fixation systems used in patients with a moderate fracture- 


with a Low fracture- 


FIG 34-86 

Postoperative radiograph of a femoral fracture repaired with 
interFragmentary lag screws and a neutralization plate. 
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FIG 34-87 

Recommended methods for stabilizing long oblique fractures or reducible comminuted 
femoral fractures (single large fragment) based on fracture-assessment score. If fracture- 
assessment score is 0 to 3, a neutralization plate or 2-pin external skeletal fixator plus IM 
pin (tie-in configuration) and cerclage wires may be used. If fracture-assessment score is 
4 to 7 , an external skeletal fixator plus IM pin (tie-in configuration) and cerclage wire may 
be used. With fracture-assessment scores of 8 to 10, an IM pin plus cerclage wire provides 

necessary stability. 


















































logic assessment is not favorable, however, stresses acting 
on the implant for extended periods will often cause im¬ 
plant failure. Enhancing the biologic response by applying 
the concept of bridging osteosynthesis (see pp 
890) and inserting an autogenous cancellous bone graft 

(see p. 895) is recommended. 

From a mechanical pe rspeetive, t h ese fractures need rigid 

axial, rotational, and bending support 
with a bone plate/pin combination, a bone plate alone, an 
interlocking naik or a Type lb or la external skeletal fixator' 
pin tie-in combination. 

Manage patients with low fracture-assessment scores {0 to 3j 

>fa bone plate/pin combinations (Fig. 34'88). For best rt 
suits , manage patients with moderate fracture-assessm&t 

(4 to 7) with hone plates (functioning as a buttress 

/fa externa/ ske/ete/ fixators (with or without j 

tie-in to on IM pin fa or an inter lodc/ng no//. Use 
ing plates , broad plates, or in small patients i, stacked veteri¬ 
nary cuttahle plates . if an external skeletal fixator is appli 
use fixation pins with misecl-fhreaded pins f or combine Mm 

negative-profile pins, 


assessment score (4 to 7) include an interlocking nail or an 
IM pin combined with cerclage wire for In ter fragment ary 
compression. The pin and wire can be supported with an ex 
ternal skeletal fixator, or in cases where the biologic assess¬ 
ment is favorable, the pin and wire may be used alone. If an 
external skeletal fixator is applied for additional support, fix¬ 
ation pins should be raised-threaded profiles. A useful fixa 
tion system in patients with a high fracture-assessment score 
(8 to 10) is an IM pin combined with cerclage wire to com¬ 
press the fracture lines. 
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Stabilization of Midshaft Comminuted 

Fractures with Multiple Fragments 


























mechanical perspective, it is difficult to reduce and 
rigidly stabilize all small fragments in comminuted frac 
lures. Even when reduction is attempted, it seldom can be 
accomplished without causing significant soft tissue dis¬ 
ruption. The implant must carry all the load until biologic 
callus forms to provide additional mechanical support, 
subjecting the implant to high stress levels. If the biologic 

stresses will be of 
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assessment is favorable, the imposed 
short duration, and implant failure is less likely. It the bio 
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PIG 34-88 

Postoperative radiographs. A, Femoral fracture in a 
low fracture-assessment score stabilized with 
combination serving as a buttress, B r Healed fracture I 2 weeks 
later. 
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FIG 34-89 

Recommended methods for stabilizing nonreducible comminuted femoral fractures (multiple 
fragments) based on fracture-assessment score, If fractur&assessment score is 0 to 3, a plate/ 
rod combination or biplanar external skeletal fixator plus IM pin (tie-in configuration) ma 
be used. If fracture-assessment score is 4 to 7, a buttress plate, external skeletal fixator p 
IM pin (tie-in configuration), or an interlocking nail may be used. With fra ctu reassessment 
scores of 8 to 10, an external skeletal fixator plus IM pin provides necessary stability. 
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A patient with this fracture and a high fracture-assess¬ 
ment score (8 to 10) must have an extremely favorable bio- 
ic assessment, such as young patients (4 to 5 months of 
age) with dosed comminuted fractures and no other in¬ 
juries, An appropriate method of treatment would be to 


bridge the area of comminution (bridging osteosynthesis) 
with an IM pin and a 2-pin, Type la external skeletal fixator 
(Fig, 34-89). Fixation pins can be smooth or have a negative 
thread profile, depending on the duration the fixator will re¬ 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Bardet IF> Vannini R: Fractures of the femur. In Brinker WO, 
Olmstead ML, Sumner-Smith G n Prieur YVD, editors: Manual of 
internal fixation in small animals , ed 2, New York, 1998, 
Springer. 1 

Braden TD, Eicker SW, Abdinoor D, Prieur WD: Characteristic of 
] 000 femur fractures in the dog and cat, Vet Comp Orlhop Tran* 
matol 8:203, 1995, 

Johnson AL, Smith GW, Schaeffer DJ: Fragment reconstruction artd 
bone plate fixation compared with bridging plate fixation tor 
treating highly comminuted femoral fractures in dogs: 35 cases 

(1987-1997),/ Am Vet Med Assoc 2 13:1157,1998. 

McPherron MA, Schwarz PD, Histand MB: Mechanical evaluation 
of half-pin (type i) external skeletal fixation in combination 

with a single intramedullary pin, Vet Snrg 21:178, 1992* 
Piermattei DL, Flo GL: Handbook of small animal orthopedics ami 
fracture treatment , ed 3, Philadelphia, 1997, WB Saunders. 


Equipment necessary for pin and wire placement includes re¬ 
tractors, bone-holding forceps, reduction forceps, Jacob pin 
chuck, IM pins, Kirschner wires, orthopedic wire, wire 
twisters, and wire cutters. Additional equipment needed for 
external fixation includes a low-rpm power drill and external 
fixation damps and bars. The interlocking nail equipment is 
needed for nail application. Plating equipment and a high¬ 
speed drill are necessary for application of plates and screws. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative radiographs should be made to document 
fracture reduction or alignment and implant position. Post¬ 
operative pain management is indicated (see Fable 34-5). 
Confinement with activity limited to leash walking 
ommended until there are radiographic signs of bone union. 
Passive flexion and extension of the stifle should be per¬ 
formed to maintain range of motion (see Fable 34-6). Post¬ 
operative evaluations should be scheduled (see fable 34-7). 
Time to bone union depends on the patient fracture assess¬ 
ment. IM pins and external skeletal fixations should be re¬ 
moved when healing occurs; interlocking nails and bone 
plates are generally not removed unless a problem is associ- 
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FEMORAL METAPHYSEAL FRACTURES 
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FEMORAL NECK FRACTURES 
DEFINITIONS 


4 


F 


Femoral neck fractures occur at the base of the neck where 
it joins the metaphysis of the proximal femur. 


U 


c 


ated with their presence. 


h 


SYNONYMS 


rc 


PROGNOSIS 


Basilar fractures of the femoral neck 


o. 


Femoral fractures generally heal without complication unless 
die implant loosens prematurely. Premature loosening and 
migration of IM pins, external skeletal fixator fixation pins, 
and cerclage wire often results from poor implant choice rel¬ 
ative to the fracture assessment (see p. 855). When inappro¬ 
priate or improper implants or techniques are chosen, the 
implant and its bony connection are subjected to excessive 
stress, which promotes micro motion at the implant-bone in¬ 
terface. Alternatively, the stress may be moderate but may oc¬ 
cur over time, after which the implant may reasonably be ex¬ 
pected to remain stable. In either case, bone resorption and 
eventual implant loosening result. Breakage of implants can 
occur through fatigue, most often with bone plates when re¬ 
duction and stabilization of a zone of comminution with cer¬ 
clage wire or lag screws are unsuccessful, causing devascular- 
ized bone fragments and small fracture gaps. The small gaps 
are unfavorable for healing and concentrate stress over a 
small section of the bone plate. The result is delayed healing 
and long-term cyclic stress on the bone plate. II the initial 
implant system has failed, the recommended treatment is ap¬ 
plication of a compression bone plate. This system stabilizes 
the fracture and provides patient comfort necessary to allow 
physcal therapy and optimal limb use. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


P 


B. 


The fracture configuration is generally that of a. single basi* 
lar fracture plane, but comminution of the femoral neck 
can occur. Mechanically, these are highly unstable fractures 
because (!) the length of the moment arm acting at the 
fracture is extensive (entire femoral neck) and (2) the plane 
of the fracture is along lines of maximal shear stress. Com¬ 
pression of the fracture surface is needed to resist the high 
shear stress. The fracture plane is extra capsular, preserving 
blood flow to the fracture zone after injury. Femoral neck 
fractures may accompany comminuted proximal femoral 
fractures. 


J 11 


A 
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is 
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cal 


51.0 


DIAGNOSIS 

Clinical Presentation 

Signalment* Any age, breed, or sex of dog or cat may k 
affected. Femoral neck fracture occurs more often in mature 
patients after the femoral capital physeal growth plate hr 

closed. 

History. Most injuries result from motor vehicle acci¬ 
dents, but some are caused by falls* 

Physical Examination Findings 

Most affected animals present for evaluation oi a non 
weight-bearing lameness. Pain and crepitation are evident 
on manipulation of the hip joint 1 
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Suggested reading 


Aron ON, Palmer RH, Johnson AL: Biologic strategies and a bal 
a need concept for repair of highly comminuted long bone frac 
lures, Compend Cant Edue Pract Vet 17:35, 1995. 
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Positioning 

The animal is 

fected kg up. A hanging-leg preparation will facilitate 

n< 

nipulatton of the limb during surgery. 


Radiography 

1 femoral neck fractures do not require special radiographic 
> views for detection. If only a lateral view of the hip joint is 
taken, however, the diagnosis may be missed. 


positioned in lateral recumbency with the ah 

ma- 


SURGICAL TECHNIQUES 


Laboratory Findings 

Complete blood count and serum 
should be done to assess anesthetic risk in an animal sus¬ 
taining trauma. Consistent laboratory abnormalities are 

present. 


A craniolateral approach to the hip joint (as for capital physeal 
fractures) is most often used (see p, 998). If alignment of the 
fracture is difficult, a trochanteric osteotomy can be performed 

accessibility (see p. 973), Unless the biologic assess- 


chemistry evaiualion 


not 


to improve 

meni is extremely favorable, when Kirschner wires may he 
used, femoral neck fractures are best stabilized with a lag screw. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include coxa femoral luxation, acetab 

ular ftactures, proximal temoraI ffactures, and capital pby 
seal fracture in young patients. 


Stabilization with Partially Threaded 
Cancellous Lag Screw 

Place two Kirschner wires so they he at the most proximal 
and distal level of the fracture surface {Fig , 34-90 , AJ Drive 
the pins from medial to lateral beginning at the fracture sur¬ 
face or from the lateral surface medially to exit at the frac¬ 
ture surface. Reduce the fracture , and drive the Kirschner 

care to avoid pene - 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


Medical or conservative management is not a treatment op 
lion. Surgical intervention is required. 


wires into tfie femoral epiphysis. Take 
fretting the articular surface. Drill a thread hole through the 
femoral epiphysis with the appropriate-size drill bit parallel 
to and centered between the Kirschner wires , Measure fee 
/eneffh of screw needed, and tap the thread hole, insert a 
partially threaded cancellous screw 2 mm shorter than the 
length measured so that all the threads cross the fracture 
plane and are seated into the femora/ head , Leave one or 
both wires in place to serve as anti rotational devices . 


SURGICAL TREATMENT 


I Fractures with a single fracture plane are best treated with a 
1 kg screw or triangulation of Kirschner wires. It irreparable 
1 comminution is present, total hip replacement and femoral 

head and neck ostectomy are treatment options. If financial 
restraints preclude fracture repair, a femoral head and neck 
I ostectomy may be performed (see p. 1100). 


Preoperative Management 

Because femoral neck fractures occur secondary to trauma, 
all affected animals should be examined tor concurrent in¬ 
jury and stabilized if necessary before surgery 

Anesthesia 

Anesthetic management of animals with orthopedic disease 

is discussed on p. 824, 


Stabilization with Triangulated 
Kirschner Wires 

Insert three Kirschner wires from the fracture surface with the 

other to form a triangle (Fig, 34-90 , BJ, 


*1 


pins para//e/ to one 
Retrograde the pins to exit the bone near the third trochanter 

Alternatively, normograde the pins so that they enter the 
bone at the third trochanter and exit at the fracture site . Re¬ 
duce the fracture, and drive the pins into the femora/ epiph- 

not to penetrate the articular surface. 


an 


ck 


res 


he 


ne 


m- 


ysis. Take care 


Surgical Anatomy 

The femoral neck/ femoral shaft junction in the frontal 

the angle of inclination. This angle is nor¬ 
mally 135 degrees and should be approximated when surgi¬ 
cal reduction is performed. The normal angle of antever- 

20 degrees. This angle must also be taken into 

consideration when inserting screws or 
femoral neck. 

Normal anatomy of ihe hip joint is described on p, 973. A 
craniolateral approach is performed tor exposure of these 

fractures (see Fig, 34-93). Care must be taken to ensure ade¬ 
quate ventral reflection of the vastus lateralis muscle to visu¬ 
alize the fracture surface. The femoral shaft is located cran- 

iodorsal to the femoral head and neck, which remain in the 

acetabulum. Adequate longitudinal incision of 

for accurate reduction, A greater 


igh 


ing 


Stabilization of Intertrochanteric Fractures 


plane i s kno w n 


eck 


as 


Intertrochanteric fractures are often complex and involve 
the femoral neck, greater trochanter, and proximal femoral 
m etaphysis. The method of fixation depends on the tracture¬ 
assessment score but includes lag screw stabilization of the 
femoral neck with some method of fixation applied to the 
proximal femur. The exception is the immature patient with 
a favorable biologic assessment, in whom multiple small 
pins can be used in the femoral neck and femoral metaph- 
vsis. In adult patients, 1M pins are not used because the 

traverses the proximal metaphysis and does not allow 

IM pin. The preferred method of stabiliza- 


>ral 


Aon is 15 to 


pins into the 


y 


lure 


has 


s c re w 


acc i 


placement of an 

tion in adult patients is a bone plate. If the metaphyseal frac- 

short oblique fracture, the plate func¬ 
tions as a compression plate. If the area of comminution is 
reconstructed with cerclage wire and lag screws, the recon 
struction can be protected with 


the joint 


ture is a transverse or 


capsule is necessary 

trochanteric osteotomy may be required (see Fig. 

adequate for anatomic reduction and 


34-69) if 


won- 

ident 


visualization is not 
placement of implants. 


neutralization plate. 
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that iails to heal is usually Treated with a femoral head and 

J 

neck os tec to my. 


FEMORAL PHYSEAL FRACTURES 


DEFINITIONS 


Femoral physeal fractures occur through the cartilaginous 
growth plates of the proximal and distal femur The capital ph- 
ysis is the proximal physis. There is also a trochanteric physis. 


SYNONYMS 

Slipped capital epiphysis, slippage of the distal femoral growth 
plate 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Because femoral physeal fracture occurs through cartilage of 
the growth plate, capital physeal injuries may 
significant trauma. The femoral neck is usually externally ro¬ 
tated and displaced cranio dor sally such that it lies adjacent to 
the ilial wing. The physis of the greater trochanter may also be 
fractured, causing the femoral shalt to be displaced more dor- 
sally than expected. Proximal physeal fractures are generally 
Salter 1 or Salter II fractures (see p. 828). Distal femoral phy¬ 
seal fractures are generally Salter II physeal fractures. A com¬ 
bination of a Salter II and Salter IV fractures occurs in the dis¬ 
tal femur with crushing of the trochlea and cancellous bone. 


occur without 


FIG 34-GO 

Femoral neck fracture repair. A, Compression screw 
centered between two Kirschner wires, B, Triangulated 

Kirscbner wires. 


Alternatively, the area of comminution can be bridged with 
a buttress plate or a pi ate/rod combination, without manip¬ 
ulating the fracture fragments. The lag 
lization of the femoral neck fracture can be placed through a 

plate hole or offset caudally to the plate. 


screw used for stabi- 


DIAGNOSIS 

Clinical Presentation 

Signalmen*. Most affected animals are less than 10 
months of age. Young male dogs are more likely to sustain 
trauma resulting in femoral physeal fracture, probably be¬ 
cause of their tendency to roam. 

History, Most animals are presented for evaluation of an 

weight-bearing lameness. The trauma may or 
may not be witnessed by the owner. Femoral physeal frac¬ 
tures are often caused by motor vehicular accidents. How¬ 
ever, minor trauma such as a fall may be sufficient to sepa¬ 
rate the growth plate, fl 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Appropriate surgical instrumentation for application of 
Kirschner pins or lag screws and plates is needed. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


acute non 


Activity should be restricted to leash walking until there is 
radiographic evidence of healing. Postoperative evaluations 

should be scheduled (see Table 34-7). Healing of femoral 
neck fractures may take 5 to 10 weeks and depends on bio¬ 
logic fracture assessment (see p. 855). Implants should not 
be removed unless they cause a problem. 


Physical Examination Findings 


Animals with proximal physeal fractures usually exhibit a 

weight-bearing lameness with pain and crepitation un 


PROGNOSIS 


no n 

manipulation of the hip joint. Some animals are weight 
bearing and do not have detectable crepitus referable to the 
hip joint. These animals usually have minimal displacement 
of the femoral head. Animals with distal femoral physeal 


Inappropriate reduction and poor implant choice are the 
most common problems reported with femoral neck frac¬ 
tures. Significant bending and shear stress across the fracture 
plane place extreme bending loads on implants. The most 
common implant error is the use ot Kirschner wires or small 
pins when the fracture assessment indicates prolonged heal¬ 
ing. Micromotion at the pin-bone interface arising from the 
high physiologic stress may cause pins to loosen early. This 
problem can be avoided or treated by using a lag 
antirotational pin except when the biologic assessment indi- 

rapid healing. The animal with a femoral neck fracture 


fractures present with swelling, pain, and crepitus on ma¬ 
nipulation of the stifle region. m 


Radiography 

Standard ventrodorsal and medioiateral projections are re- 

(Fig. 34-91), Sedation is often 

quired for proper positioning (see Table 33-12). A Iraccured 


screw and 


qui red to co n fi r m the d ia gn o sis 


re 


ca i e s 
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MEDICAL OR CONSERVATIVE 
MANAGEMENT 


Lx 1 difficult to 


capital physis with minimal displacement may 
detect with standard radiographic projections. A ventrodorsal 

“frog position” may help confirm the di- 
cases, It a greater trochanteric physeal fracture 


Surgical intervention is required to prevent severe degenera¬ 
tive joint disease and lameness. 


view with the limbs in 


agnosi s in 

is also present, the cap of the greater trochanter will be super- 

as a half- 


SURGICAL TREATMENT 


imposed over the shaft of the femur and will appear 
moon radiodense object on a ventrodorsal radiograph. On a 
Lateral projection the cap of the trochanter will appear as a ra- 

diodense fragment caudal to the 
fractures the femoral shaft is displaced cranially and distally 

and may be superimposed over l he femoral condyles. II the 
displacement is slight, the fracture may be missed when a sin- 
glc crartiocaudal radiograph is taken. Additional obliq 

useful to evaluate the articular surface 


Surgical treatment of physeal fractures consists of anatomic 
reduction and stabilization with Kirschner wires or small pins 


to not interfere with physeal function. 

These fractures heal rapidly because they occur in cancellous 

animals, and smooth implants are generally 


that are smooth so as 


femur. With distal physeal 


bone of young 

sufficient. In animals that are dose to maturity threaded un¬ 
compress the fractured physis. 


plants may be used to 
Anatomic reduction is critical for optimal outcome with cap¬ 
ital physeal fractures. Mechanically prevention of movement 
of the reduced capital physeal and distal physeal fractures is 
assisted by the shape of the fractured physeal surfaces and by 
the friction from cancellous bone resting on cancellous bone. 
If separated, the physis of the greater trochanter must also be 
anatomically reduced and stabilized with a tension band to 
counteract the detractive forces of the gluteal muscles. 


sky line p ro j echo ns a re 


of the trochlea and femoral condyles if fissures or fractures of 
I these structures are suspected. 


NOTE * Superimposition may be such that the frac¬ 
ture could be missed with a single radiograph. Al¬ 
ways take two views. 


Preoperative Management 

Because these fractures occur secondary to trauma, ail af¬ 
fected animals should be examined for concurrent injury 
and stabilized if necessary before surgery Analgesics should 
be given to increase patient comfort (see Table 34-5). 


| laboratory Findings 

Complete blood count and serum chemistry evaluation 
should be done to evaluate the status of the animal for anes¬ 
thesia and determine if concurrent injury or damage to the 
renal or hepatobiliary systems exists. Consistent laboratory 
abnormalities are not present. 


Anesthesia 


DIFFERENTIAL DIAGNOSIS 


discussion of anesthetic management of 


Refer to p. 824 for 


animals with fractures. 


Differential diagnoses for proximal physeal fractures include 
severe coxofemoral joint sprain, femoral neck fracture, and 
acetabular fractures. For distal physeal fractures the differen¬ 
tial diagnosis includes diaphyseal fractures and ligamentous 


Surgical Anatomy 

The proximal capital physis lies between the femoral epiph¬ 
ysis and femoral neck and acts as a barrier fr>r passage of 
blood vessels from the femoral neck to the femoral epiphysis 

(Fig. 34-92). The blood supply to the femoral epiphysis 


injuT y of the stifle. 


: 


i 


1 


FIG 34-92 

Photomicrograph of barium-injected normal coxofemoral 
joint from young dog. Note vessels along superior and 
inferior surfaces of the femoral neck that cross the growth 
plate to supply the femoral epiphysis. 


FIG 34*91 

Ventrodorsal radiograph of young dog with bilateral capital 
physeal fractures. 
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involves a series of cervical ascending vessels lying outside 
the femoral neck that cross the physis and then penetrate the 
epiphysis. The physis functions to provide femoral neck 
Length until the animal is approximately 8 months of age. 

The distal femoral growth plate is W shaped and lies at 
the joint capsule reflection. The configuration of the growth 
plate and cancellous bone surface provide a degree of inher¬ 
ent stability for the fracture. The position of the growth plate 
necessitates an arthrotomv incision to facilitate exposure. 

Positioning 

The animal is positioned in lateral recumbency with the af¬ 
fected limb up. The limb should be clipped circumferentially 
from dorsal midline to midtibia or distal tibia (distal physeal 


fractures) and draped from a hanging position (seep.25)to 

allow maximal manipulation during surgery. 


SURGICAL TECHNIQUES 


Surgical Approach to the Proximal Femur 

proximol to the greater trochanter. Curve 
dktolly adjacent to the crania/ ridge of the 
trochan ter, and ex ten d it d is tally fo r 5 cm o ver fh e proximal 
femur (Fig. 34-93 , AJ, incise subcutaneous tissues and f/ie 

juncture at the superficial leaf of the fascia lata and cranial 
border of the biceps femoris muscle. Incise the deep leaf of 
the tensor fasciae I a toe between the tensor fasciae tatae 
muscle and deep border of the biceps femoris muscle and 
superficial gluteal muscle. Reflect the tensor fasciae bio 
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FIG 34-93 

A, To perform q cranEolaterol exposure of the hip joint, incise skin 5 cm proximal to the 
greater trochanter Curve the incision disfaJly adjacent to the cranial ridge of the 
trochanter, and extend it distally for 5 cm over the proximal femur. B, Reflect the tensor 
fascia lata muscle cranially and superficial gluteal and biceps femoris muscles caudally. In¬ 
cise the deep gluteal tendon for one third fo one half of its width at its point of insertion 
into the greater trochanter. C, Incise the joint capsule and the origin of the vastus lateralis 
muscle to expose the hip joint. 
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just under the cut edge of the deep gluteal tendon . Reflect the 
vastus lateralis distolly to expose the hip joint. To reduce the 
proximal femoral physeal fracture , (I j bring the femoral 

it lies cranial ‘and level with the acetabulum 


muscle era n tally and the superficial gluteal and biceps 

femoris muscles caudally (Fig. 34-93, BJ. Visualize the tendh 

insertion of the deep gluteal muscle by retracting the 
middle gluteal muscle proximolly Place a periosteal elevator 
beneath the deep gluteal muscle near its insertion , and sep¬ 
arate the deep gluteal muscle from the joint capsule using 
weeping motion with the elevator. Incise the deep gluteal 
fen Jon for one third to one half of its width at its point of 

insertion onto the greater trochanter (Fig. 34-93, C). leave 

th e track an ter fo r clos u re, b u t make 


neck distolly so 

(2) derotate the femur to correct for the abnormal antever- 
sion f and (3) slide the fracture surface of the femoral neck 
caudal!/ into the matching surface of the femoral epiphysis 

(Fig. 34-941 






a 


Surgical Approach to the Distal Femur 

The most recognizable structure is often the palpable distal 
end of the femoral shaft, which serves as the center of the 

incision. 


1 fo 2 mm of tendon on 
the incision through the tendon close to the bone. If the joint 
capsule is lacerated, exposing the fracture surface of the 
femoral neck enlarge the opening in the joint capsule with 
on incision from the rim of the acetabulum laterally through 
the point of origin of the vastus lateralis muscle. If the joint 
capsule is intact, incise it parallel to the long axis of the 
femoral nedt near Its proximal ridge. Continue the joint cap¬ 
sule incision 


the craniolateral surface of the stifle 


Make on incision on 

joint centered over the palpable femoral shaft. Begin the in¬ 
cision 4 to 5 cm proximal to the center paint and extend it 

distolly. Incise the subcutaneous tissue along the 




laterally through the point of origin of the vas¬ 
tus loferalis muscle on the cranial face of the proximal femur 
If is important to keep this cut of the proximal point of origin 


4 to 5 cm 

line, and identify the fascia lata and patellar tendon. Create 
parapatellar arthrotomy through the distal fascia lata and 


a 














































FIG 34-94 

To reduce a capital physeal fracture, brin 
hip joint. Then derotate the femur and si 




the femora! neck ventral until it is level with the 
it coudally* 
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the lateral aspect of the femur paralleling the angle of the 

v/s/fafe af 


joint capsule. Moke the incision along the caudal border of 


femoral neck; the points of the pins should be just 
the fracture surface. Reduce the fracture, and drive the pirn 

into the femoral epiphysis. I 


the vastus lateralis muscle through the intermuscular septum 
of the fascia Iota . 


Most often the distal femoral metaphysis lies cranial and 
lateral to the femoral condyles and is exposed while incising 
through the joint capsule and fascia lata (Pig. 34-95). 

Reflect the quadriceps muscles , patella , and patellar ten c/on 
medially to expose the articular surface of the femora/ 
condyles + To reduce the distal femoral fracture , lever the 
dyles cron tally and distally with a "spoon "' Hohmann re~ 
tractor placed between the fracture fragments . 

Stabilization of Proximal Femoral Physeal 
Fracture with Triangulated Kirschner Wires 

With this technique, three Kirschner wires are placed 
through the femoral neck (Fig. 34-96). 

Place the pins parallel to 
femoral neck so that they lie in a 


A common problem with this technique is that the pirn 
penetrating the articular cartilage are not visible to the sur¬ 
geon at surgery. The femoral head is a dome structure, so 
length of pin placed in the periphery will be different tram 
the length of pin placed in the center of the dome. 


7b determine the proper length of pins , place the first pin in 
the periphery of the femora/ epiphysis so that it penetrates 
the articular cartilage where it is visible. Estimate the length 
of this pin that would not penetrate the articular cartilage t || 

and use it as a 


con 


gauge for the remaining pins , Drive 
maining pin s / nto the femoraI epiphysis > and place the joint I 
through a normal range of motion to ensure that a pin fios I 
not penetrated the articular surface. Bend the pins of /fe- I 
lateral surface and cut off the excess. Close the wound 1 


re- 


another and positioned in the 
triangle. Insert the pins from 


routinely. 
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FIG 34-95 


A.. To expose the distal femur, make an incision on the craniolateral surface of the stifle 
joint centered over the palpable femoral shaft. B, Create a parapatellar arthrotomy through 
the distal fascia lata and joint capsule. C, Reflect the quadriceps muscles, patella, and 
patellar tendon medially to expose the articular surFace of the the temoral condyles. 
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Chapter 34 Management of Specific Fractures 


Stabilization of Proximal Femoral Physeal 
Fracture with Lag Screw 

I Initially, place two Kirschner wires in the femora! neck in a 
I lateral to media! direction so that they lie parallel to one an- 
I other. Position them so that one pin lies in the dorsal section 

I of the femora/ neck and one pin lies in the ventral section of 

I the femoral neck. Drill a glide hole between the two pins to 
g emerge at the center of the fracture surface (Fig. 34-97 \ AJ. 
Angle fhe Kirschner wires and glide hole to correct for nor - 
mol anteversion of the femoral neck . Reduce the fracture, 
ond drive the Kirschner pins into the femoral epiphysis. Place 
drill insert into the glide hole for accurate drilling of the 
head hole (Fig, 34-97 ' BJ, which can penetrate the femoral 

epiphysis.. Countersink the glide hole , and determine the ap¬ 
propriate screw length by measuring the distance from the 
lateral surface of the greater trochanter to the femoral epi¬ 


physeal articular surface * Choose a screw that is 2 mm 
shorter than that measured with the depth gauge . Tap the 
thread hole and insert the screw (Fig, 34-97, CJ. The pins 
may be left to provide additional rotational stability. Close 
the wound routinely (Fig. 34-98). 


Stabilization of Trochanteric Physeal 
Fracture with Tension Band Wire 


Reduce the trochanter, and start two Kirschner wires in the 
fragment. Drive the wires across the physis to lodge in the 

if stabilization is 


proximal femur , and check the repair to 
sufficient to prevent avulsion of the fracture, if not f use a ten 

bond wire, even 


a 


though it may prevent physeal growth 
To place a tension band wire , (1) drill a transverse hole in 
the major bone segment, (2j pass a figure-eight 
the hole and around the Kirschner wires , and (3) tighten the 
wire (see p, 860 for tension band wire techniques). 


th rough 


i 


s 


Stabilization of Salter I or II Distal Femoral 
Physeal Fractures with Stein mann Pins 

With Salter 1 or Salter II fractures, Stein mann pins may be 
used alone or in combination with small Kirschner wires. 


d 


The pins may be placed either in a Rush pin maimer, as an 


pin (Fig, 34-99). 


1M pin, or as a 


c vo ss 


fashion, retro- 

from the fracture surface to exit at the 

one pin in the lateral metaphysis 


Rush pin 


When using Stein mann pins i 
grade the pins i. 
trochanteric fossa. Position 
and one pin in the medial metaphysis. Use small-diameter 

that they con bend with the curvature of the femur 

tips withdrawn Into the metaphysis , over reduce 

the fracture and drive the pins distally into the medial and 

excess pin below the skin at the 

Steinmann pin as an IM 


m a 


pm 


FIG 34-96 

A. To stabilize a femora! capital physeal fracture with 
Kirschner wires, place three wires through the femoral neck 
to the fracture surface. Triangulate the Kirschner wires. 

B Reduce the Fracture, and advance the wires into the 
epiphysis. 


lateral condyles. Cut the 
trochanteric fossa. When using 
pin, reduce the fracture and insert the pin through the artic¬ 
ular cartilage cranial to the origin of the caudal cruciate 


a 


Drill bit 


Drill bit tor 
thread hole 


Kirschner 


pm 


FIG 34-07 

A, To stabilize a femoral capital physeal fracture with a compression screw, place two 
Kirschner wires (one superior and one inferior) in the femoral neck, perpendicular to the 
fracture surface. Drill a glide hole between the Kirschner wires, B, Reduce the fracture, 
and advance the Kirschner wires into the femoral epiphysis. Drill the thread hole jn the 

measure to determine screw length, and tap threads In th 


epiphysis. C, Insert 


epiphysis, 

the compression screw. 
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FIG 34-100 


Postoperative radiographs. A, Sailer fl fracture through the 

tltzed with IM pin and 


F 


i. 


sis sta 


f 


$ 


B, Healed fracture 6 weeks later. 


Ci 


FIG 34-0S 

Postoperative radiograph of a femoral capital physeal 
fracture after stabilization with a lag screw and two 
Kirschner wires. 


Ci 


ligament. Direct the pin in a normograde fa shin across the 
fracture, proxi molly into the femur ; fo exit at the trochanteric 




s 


p 


the level of the articular cartilage , Also cut excessive 
below the skin above the trochanteric fossa. Use a sma/r 
diameter pin so it can bend with the curvature of the femoral 
canal as it passes proxi molly. Consider adding a cross pin at 
the fracture to establish rotational stability 

using Steinmann pins as cross pins , 
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as necess ary (Fig , 

position 

of o paiint cranial to rfie 
medial and lateral eptcondyles, and drive them proxi molly 
to a point where they are just visible at the fracture surface . 
Overreduce th e fractu re , and drive th e p in s in to th e femoral 
metaphysis and through the cortices . Suture the joint capsule 
using an interrupted suture pattern . Close subcutaneous tis¬ 
sues and skin routinely : 
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Stabilization of Salter 111 or IV Fractures 
with Steinmann Pins or Bone Plates 
and Screws 

Reduce the femora I con dyles, and apply compress ion with a 
partially threaded cancellous bone screw across 

condylar reduction and stabilization, in¬ 
sert two small Steinmann pins as described for stabilization of 
Salter I and It fractures, if the animal is approaching maturity, 

ith a reconstruction plate on the lateral surface t ] 
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NOTE * Using o 90/90 bandage for a few days 

after surgery may reduce the incidence of quadri¬ 
ceps contracture. 


FIG 34-09 

Stabilization of distal femoral physeal fractures may be done 
with multiple pins placed 
intramedullary pin, or cross pins. 


to: 


in Rush pin fashion 


single 
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Chapter 34 Management of Specific Fractures 
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FIG 34-102 

Postoperative radiographs of a proximal femoral physeal 
fracture stabilized with Kirschner wires 6 weeks after 
surgery. Note the loss of bone density circumferentially on 
the femoral neck. This app 
postoperative observation b 




FIG 34-101 

Stabilization of Salter III 

compression screw plus intramedullary pin combination 
compression screw with buttress plate. 


or IV fractures may be done with a 

or a 


e coring" is a frequent 
ut rarely has clinical significance. 


a 


Stabilization of Comminuted Distal Femoral 
Physeal Fractures 

Comminuted distal femoral physeal fractures often involve 
the trochlea and articular surface of the femoral condyles. Vi¬ 
sualization of the fracture planes is necessary to achieve the 
anatomic reduction and rigid fixation required with articular 
fractures. Surgical exposure is best accomplished through a 
combination of the standard approach described with os¬ 
teotomy of the tibial crest (see p. 1139} and a medial arthro- 
tomy Proximal reflection of the patellar tendon, patella, and 
quadriceps muscle group allows excellent visualization. 


insertion is required. Absorbable suture material should be 
used to close the joint capsule and subcutaneous tissues. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative radiographs arc made to assess fracture reduc¬ 
tion and implant position. Postoperative pain management 
is indicated (see fable 34-5), Patients with moderate to se¬ 
vere trauma of the distal quadriceps benefit from placement 
of a 90/90 bandage for a few days ( see Fig. 33-20), Physical 
therapy, including gentle flexion and joint extension, en¬ 
hances healing and helps maintain a functional range of mo¬ 
tion (see Table 34-6), Activity should be restricted to leash 
exercise until healing has occurred (generally 4 to 5 weeks). 
A postoperative evaluation schedule should be established 
(see fable 34-7), The pins or wires in the proximal physis 
may be left in place unless problems occur. Pins in the distal 
femur should be removed after healing. Plates used to re¬ 
construct comminuted distal femoral physeal fractures that 
lie within the joint should also be removed once the fracture 
has healed. 


fconsfrucf the articular surface using a combination of par¬ 
tially th reacted ca n cello us screws as fag screws and Kirsch ner 
wires. Once the articular fractures have been reconstructed, 
reduce the femoral condyles and stabilize them with Stein¬ 
mann pins or a reconstruction plate. Although Steinmann 
pin s are frequently employed more often, use a reconstruc¬ 
tion plate in large and medium-sized dogs nearing maturity 
for greater stability. Contour the reconstruction plate to the 
lateral surface of the distal femur and femoral condyles . 


! 




SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


PROGNOSIS 


f 


The prognosis for long-term, pain-free function after proxi¬ 
mal physeal fracture is good if the fracture is adequately re¬ 
duced and appropriately stabilized {Fig. 34-102). In animals 
less than 5 months of age, however, a shortened femoral 
neck may result from closure of the capital physis, which 
may cause hip joint subluxation and may increase the risk of 
degenerative joint disease. If the fracture is not appropriately 


A battery-operated or air-driven drill with a wire driver at¬ 
tachment is helpful for inserting the implants* Instruments 
that facilitate fracture reduction include Hohmann retrac¬ 
tors and pointed reduction forceps. Small IM Steinmann 
pins and an assortment of Kirschner wires are needed. If 
screws or bone plates are used, instrumentation for proper 
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reduced or implants penetrate the articular cartilage, signif¬ 
icant degenerative changes may develop, necessitating addi¬ 
tional surgical treatment, 

For distal physeal fractures, bone union occurs within 
3 to 5 weeks. Although growth retardation or premature clo¬ 
sure of the distal femoral growth plate is likely, the progno¬ 
sis for normal limb use is excellent with Salter I or II frac¬ 
tures. The exception is in large or giant breed dogs when the 
injury occurs at 3 to 5 months of age, when considerable 
growth potential is still present. Salter III, Salter IV, and 
comminuted Salter fractures have a good prognosis if 
anatomic reduction is achieved. Because of the trauma in¬ 
curred by the articular cartilage, however, the client should 
be advised about the risk for degenerative joint disease. 


i 


) 


Suggested reading 


Gibson KL, van Ee RT, Pcchman RD: Femoral capital physeal fractures 
in dogs: 34 cases (1979-1989), I Am Vet Mid Assoc 198:886,1991. 

Lorinson D, Millis DL, Bright RM: Determination of proximal 
femoral epiphyseal depth for repair of physeal fractures in im¬ 
mature dogs, Vet Surg 27:69, 1998. 

Miller A, Anderson TJ: Complications of articular lag screw fixa¬ 
tion of femoral capital epiphyseal separations, } Small Anim Pract 
34:9, 1993. 

Stigen O: Supracondylar femoral fractures in 

normograde intramedullary pinning technique 


FIG 34-103 

Latero! radiograph of dog with transverse patellar fracture, 


I 


1 


F 


the affected limb. Without treatment, the proximal and distal 
fragments of the patella separate due to countering forces of 
the quadriceps muscle and patellar tendon. A fibrous union 
develops between the fragments and affords some stability, 
but the support is insufficient to allow normal function. Ad¬ 
ditionally, loss of articular surface congruity results in degen¬ 
erative arthritis of the patellar-femoral articulation. Small 
fragments at the proximal or 

not be disabling If integrity of the insertion of the quadriceps 
muscle group is maintained. 


/ 


R 


o 


159 dogs and cats 


s 


f Small Anim Pract 40:519, 
Sukhumi 


T. 


HR, Hoirnburg DL: Ex vivo biomechanical comparison o 

for canine distal femoral physeal frac 


distal poles of the patella may 


dt 


pin fixation techniques 


Ui 


lures, Vet Surg 26:398, 1997. 
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DIAGNOSIS 

Clinical Presentation 


Jl 


PATELLAR FRACTURES 


to 


Signal merit * Any age, breed, or sex of dog may be af¬ 
fected. Breeds with congenital myotonia and sporting breeds 
mast prone to transverse fractures caused by forceful 

co n t ract i o n o 1" t h e q uadr iceps. * 

History. Animals with patellar fractures resulting from 

usually evaluated because ot a non-weigjir 


gn 


DEFINITIONS 


sei 


Patellar fractures result fr om loss of bony and articular con¬ 
tinuity between the superior and inferior poles of the patella. 


are 


Pc 


Th 


SYNONYMS 


she 


trauma are 

bearing lameness. Owners seldom witness the trauma itself 
Indirect trauma usually occurs when the animal is undergo¬ 
ing strenuous activity and acutely becomes non-wei 
bearing. 


Fractu red kr i eea i p 


pre 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


sur 


SU 


Physical Examination Findings 

Animals are usually non-weight-bearing on 
limb. Palpation shows pain and swelling over the cranial sjp 
face of the stifle. Crepitation is usually not noted because the 
fragments separate. Palpation may 
quadriceps muscle-patellar tendon mechanism. 


Fractures of the patella may result from direct or indirect 
trauma but are uncommon. Direct trauma results from an 
external blow to the cranial surface of the patella. The result¬ 
ing fracture may be a transverse separation midway between 
the proximal and distal poles, fragmentation of the proximal 
distal pole, or comminution of the patellar body. Indirect 
trauma is caused by forceful contraction of the quadriceps 
muscle group, which causes excessive tensile forces to be ap¬ 
plied across the body of the patella. These forces result in a 
transverse fracture midway between the superior and inferior 
poles. Transverse or comminuted fractures through the patel¬ 
lar body are disabling injuries because they 
quadriceps function and resultant inability to bear weight on 


pah 

exfe 
s ue. 


detect a void in die 


frac 


frac 

plac 

f f pc 

mal 


or 


Radiography 


Standard craniocaitdal and mediolateral radio graphs sho u :d 


6/e 


he taken (Fig, 34-103). 


c/eey 

dr :s tc 


Laboratory Findings 

Consistent laboratory abnormalities are not present 


cause loss of 


the 


F- 
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DIFFERENTIAL DIAGNOSIS 




Patellar fractures should be differentiated from lacerations 
or rupture of the patella tendon resulting in quadriceps in¬ 
sufficiency. This differentiation is made based on the radi¬ 
ographic appearance of the patella. 


MEDICAL MANAGEMENT 


Conservative management (rest, passive physical therapy) is 
not indicated if a transverse or comminuted fracture has 
separated the proximal and distal poles of the patella* Fi¬ 
brous union may occur, but the stability afforded is insuffi¬ 
cient to allow normal activity. Small fragments near the 
proximal or distal pole may be managed conservatively if 
they do not interfere with motion of the patellofemoral 
joint. 


SURGICAL TREATMENT 

Preoperative Management 

The animal should be confined to a cage until surgery is 
perfo r m ed, 


al 


Anesthesia 


of 


Refer to p* 824 for anesthetic management of animals with 


FIG 34-104 

Stabilization of transverse patellar fracture with tension band 
wire. 


' >rtho pc d ic * I ise a se * 




d- 


Surgical Anatomy 

The patella is the largest sesamoid in the body and is embed¬ 
ded within the tendons of the quadriceps muscle group. The 
undersurface tracks within the trochlear groove of the femur 
and is formed of hyaline articular cartilage. T he function of 
the patella is twofold: (T) to maintain straight-line stability 
during contraction of the quadriceps muscle group and (2) 
to provide mechanical efficiency for the quadriceps muscle 
group. During surgery care must be taken to preserve the in¬ 
sertions of the quadriceps muscle and patellar tendon* 

Positioning 

The patient is positioned in dorsal recumbency. The limb 
should be clipped and surgically prepped from the greater 
trochanter proxinially to the tarsus distallv. A hanging-leg 
preparation facilitates manipulation of the limb during 

surgery. 


ii- 


all 


wire. Alternatively, place one or two wires from the proxi- 
ol pole to the distal pole. Loop the tension band wire over 


lay 


rps 


m 


foe ends o f foe pins. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Self-retaining retractors are useful to reflect adjacent soft 
tissues* Orthopedic wire, small pins, and an air-driven or 
battery-operated drill are needed for placement of the ten¬ 
sion band. 


af- 


eds 


rful 


o m 


POSTOPERATIVE CARE 
AND ASSESSMENT 




self. 


Limit activity to leash walking until radiographic union is 
apparent. Strict adherence to limited activity is mandatory, 
since forceful contraction of the quadriceps will disrupt the 
repair. Time to union varies with patient biologic assessment 
(see p. 855) but is generally 6 to 12 weeks. 


■ - 


ight 


SURGICAL TECHNIQUES 


la ter a I to the 


I Mate a cranioloterol skin incision 
I patella. Bepfo foe incision 5 cm proximal to the patella and 
I extend if distally to the tibia! crest . incise subcutaneous tis- 
I sues overlying the patella and patellar tendon to expose the 
I (ragmen f ends. Place the limb in extension to reduce the 
I factors, foen stabilize the fragments with a tension band 
I placed over foe cranial surface of the patella IFig r 34-104). 
I if pos s fo/e, drill small holes through the bone at the proxs - 
I mol and distal poles for wire placement; if this is not feast- 
( tie tec a us e of pa tien f 


1 


cm 


c t ed 
sur- 
e the 


PROGNOSIS 


Return to athletic function depends on adequate healing and 
reduction of fragments* Prognosis is good to excellent if 
postoperative instructions are followed closely and integrity 
of the patellofemoral joint is maintained. 


the 


Suggested reading 

- - . — a . ~-r ■ ■■ ■ ■ r ~ m ■ ■ " ■ ■ - ; - " 

Curtis Ml: Internal fixation for fractures of the patella: a compari¬ 
son of two methods, / Bone Joint Surg 726:280, 1990. 

Harari [S> Person M, Berardi C: b met it res of the patella in dogs and 
cats, Compend ContEduc Pmct Vet 12:1557,1990. 


or comminution , place the wire 
deep w/rfwn foe fibrous tissue adjacent to the proximal and 
tfetoi poles of foe patella * Visualize the articular surface of 
fe patella to ensure anatomic reduction after tightening the 
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Laboratory Findings 

Complete blood count and serum chemistry evaluation 
should be done to evaluate the status of the animal for anes¬ 
thesia and determine if concurrent injury or damage to the 
renal or hepatobiliary systems exists* 


•v 


TIBJAL AND FIBULAR FRACTURES 




TIBIAL AND FIBULAR 
DIAPHYSEAL FRACTURES 


DIFFERENTIAL DIAGNOSIS 


DEFINITIONS 


Diagnosis of tibia 1 fractures is based on physical and radi¬ 
ographic examination. Animals presenting with tibial and 
fibular fractures should be evaluated to determine whether 
fractures are the result of trauma or underlying pathology 
(neo pi as i a, m etab olic di sease) * 


Tibial diaphyseal fractures and fibular diaphyseal frac¬ 
tures occur as a result of trauma to the rear limb* Open frac¬ 
tures (with wounds through skin overlying the bone) may 
occur because of the sparse soft tissue coverage. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


MEDICAL MANAGEMENT 


Medical treatment ot animals with tibial and fibular fractures 
may include analgesics (see lable 34-5) and antibiotics tor 
open fractures (see p. 827)* Conservative management of tibial 
and fibular diaphyseal fractures consists of splints 
and is reserved for dosed, nondisplaced, or greenstick fracture 
in immature animals. Cast fixation is appropriate for these 
fractures because the joint above and joint below the fractured 
bone (stifle and hock) can be immobilized and the fracture 

should heal rapidly. I 


Fractures of the tibia in dogs and cats are primarily the re¬ 
sult of trauma, including motor vehicle trauma, gunshots, 
fights with other animals, and falls. Although the fibula is 

usually fractured as 
stability of the stifle or hock is threatened. Underlying 

pathology (e.g., skeletal tumors) may predispose to 
hire. The tibia is subject to several mechanical forces, and 
fractures can be avulsion, transverse, oblique, spiral, com- 

severely comminuted. The paucity of soft tis- 
around the tibia contributes to the frequency of open 


casts 


well, it is seldom stabilized unless 


, or 


NOTE • Consider whether the animal will be able 
to bear weight on the opposite limb when applying 
a cast. 1 


sues 
fractures. 


Because tibial fractures are most often caused by trauma, 
the entire animal must be evaluated to detect concurrent In- 


pulmonary contusions, pneumothorax, rib 


juries 

fractures, and traumatic myocarditis. Concurrent injuries 
to the limb may include extensive soft tissue damage 

and loss. 


as 


SURGICAL TREATMENT 


1M pins, interlocking nails, 1M pins plus external skeletal fix¬ 
ation, external skeletal fixators alone, and bone plates maybe 
used to repair tibial diaphyseal fractures. The implant system 
chosen should reflect the fracture-assessment score m 


855). Factors that impair healing include multiple injuries 
large active patient, and the need for open 
tissue manipulation to reduce and apply interfragmentatv 
compression. If a prolonged healing period is expected, the 
implant needs to remain functional for 8 or more weeks,and 
implants that purchase bone with threads 
shorter healing periods, implants that have frictional hdti 
(smooth pins and wire) are adequate. 'EM 

The decision to do an open reduction or a closed reduc¬ 
tion depends in part on fracture configuration and implant 

Table 34-9). Reduction and fixation techniques 


DIAGNOSIS 

Clinical Presentation 

Signalment, Any age, breed, or sex of dog or cat may 
be affected. Young animals more often sustain vehicular 

trauma. 

History* Affected animals usually present with a 
lion-weight-bearing lameness after trauma. Owners may be 
unaware th at th e t ra u m a occu rred. 

Physical Examination Findings 

Affected animals are usually non-weight bearing on the af¬ 
fected limb and have palpable swelling, crepitation, and pain 

at the fracture site. 


P- 


reduction and 


a 


are desirable.Witt 


choice (see 

applicable to tibial diaphyseal fractures include (1) dosed re¬ 
duction with external coaptation (cast) or an external fixator 
and ( 2) open reduction with internal fixation using pinsand 
orthopedic wire, interlocking nail, external fixator, or pk 
and screws. Selection of the reduction method and fixation 
technique depends on fracture type and location, signal- 

fracture assessment, additional skeletal injuries, ad 


Radiography 

The extent of bone and soft tissue damage should be assessed 
on craniocaudal and lateral radiographs that include joints 
proximal and distal to the affected tibia. Fractious animals or 
those in extreme pain may require sedation for radiography 
after it has been determined that no contraindications 

dyspnea) to administration ol 
exist. Thoracic radiography should be performed to 


P 




C 


ti 


ment 

the surgeon s familiarity with the various types ot fixation 
equipment. Single or moderately comminuted fractures 

with large fragments that can 

to establish the bone column are candidates for open reduc 
lion and stabilization with internal fixation, external falter. 


Si 


tf- 


r 


be ana to m i ca 1 ly re con struc ti 




(shock, hypotension, severe 

sedatives 
evaluate pulmonary changes. 
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Chapter 34 


Application of Intramedullary Pins 

IM pins can be used to stabilize tibial fractures. Transverse or 
short oblique fractures treated with an IM pin require a con¬ 
cur re n t u n i l ater al exter na 1 f ixa t io n splint to co n t rol rotation. 
Spiral or oblique fractures, where the length of the fracture 
line is two to three times the diaphyseal diameter, can be 
treated with an IM pin and multiple cerclage wires (Fig. 
34-106). Correct placement of the IM pin is important to 
avoid interfering with the stifle joint. The pin is inserted 
through skin on the medial aspect of the proximal end of the 
tibia so that it penetrates the bone at a point midway be¬ 
tween the tibial tubercle and the medial tibial condyle on the 
medial ridge of the tibial plateau ( Fig, 34-107). The pin di¬ 
ameter should allow the pin to traverse the curve of the 
medullary canal without disrupting fracture reduction. If an 
external skeletal fixator is used with the IM pin, the pin 
should be small enough so that fixation pins can be placed 
through 


or a combination of techniques. Severely comminuted 
nonreducible fractures are treated with dosed reduction and 


open but don't touch' 1 reduction and ap¬ 


externai fixator or 


(( 


plication of a bridging plate. 




Application of Casts 

Casts can be applied as the sole method of fixation tor stable 
fractures in young dogs or cats when the fracture will main¬ 
tain adequate reduction and heal quickly. Greenstick or in¬ 
complete fractures of the tibia require minimal reduction. 
Casts that are applied over a padded bandage, cut on the lat¬ 
eral and medial sides, and taped together are occasionally 
used to support internal fixation. Bivalve casts do not offer 
as rigid a fixation as cylinder casts but provide additional 
support with pin or plate fixation and are easily changed to 
allow wound treatment. The cast should be applied so that it 
immobilizes the stifle and hock (Fig, 34-105), Casts are ap¬ 
plied with the limb positioned in slight extension with varus 

angulation. 














the tibial diaphysis. 


NOT:: * Pins must be placed in a normograde man¬ 
starting at the proximal tibia. Always manipulate 
the hock to ensure the pin does not interfere with the 

joint. 


id angular deformities 


Be careful to 


NOTE * 

when casting the limb. Placing the animal in lateral 
recumbency with the affected limb down during cast¬ 
ing aids in attaining a varus position of the limb. 


ner 


a vo 




Application of Interlocking Nails 

Interlocking nails can be used to stabilize both single and 
comminuted tibial fractures (see p. 876), The Interlocking 
nail provides resistance to bending, rotational, and axial 
loading forces and can effectively bridge a nonreducible 
fracture. An open approach is used to reconstruct reducible 
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FIG 34 

Casts ore used to stabilize closed, nondi 
tibial/fibular fractures in patients with fracture-assessment 

of 8 to 10. A, Full cylinder cast, which immobilizes 
the stifle and hock, is placed with the limb in slight extension 
and varus angulation, B, Cast can be bivalved by placing 
cast material over multiple layers of padding, cutting it on 
the lateral and medial aspects, 
around the limb with elastic tape. 
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FIG 34-106 

Postoperative radiographs. A, Long oblique tibial fracture in 
immature dog treated with !M pin and multiple cerclage 
wires. B, Healed fracture 6 weeks later. Note that distal 
physeal growth occurred. 
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Type la or unilateral external fixation splints are usually ap¬ 
plied to the craniomedial surface of the tibia (Fig. 34-108}. 
This location avoids penetration of the major muscle masses 
with fixation pins and thus decreases morbidity. When Type 
lb fixation splints are applied, every effort should be made to 
locate the fixation pins in areas of the bone that have mini¬ 
mal muscle coverage. Penetration of major muscle masses is 
unavoidable with Type II or bilateral fixation splints, but 
they are often favored because of their increased stiffness. 
Fixation splints should span the length of the bone, with the 
most proximal and distal pins placed in the metaphyses and 
the central pins placed 1 to 2 cm from the fracture line. Ad¬ 
ditional pins can be placed when there is adequate bone. 

Type la and lb frames* For placement of Type la 
frames, the fracture is reduced using dosed reduction or 
limited open reduction to reestablish the bone column and 
obtain alignment (see above). A unilateral fixation pin is 
placed from the medial aspect of the proximal tibial raeta- 
physis through the lateral cortex. If a threaded pin is used, 3 
hole should be p re drilled with a power drill before inserting 
the pin. The procedure is repeated to place a pin in the dis¬ 
tal metaphysis. The connecting bar and an appropriate 
number of pin-gripping clamps are added, then the rest t:r 
the fixation pins are placed through the damps and into the 
diaphysis of the bone (see p. 866), Type lb frames are placed 
cranially and medially on the tibia, ! 


Patellar 


ligament 


-Medial 


co I late ra I 


ligament 


Dorsal 


View 


Cranial 


View 




NOTE ■ Positive-profile thread pins increase 

stability of the Fixotor, 


FIG 34-1 07 

Correct antegrade placement of intramedullary pin in the 
tibia. Pin is inserted through skin on the medial aspect of the 
proximal tibia so that it penetrates bane at a point midway 
Detween the tibial tubercle and the medial tibial condyle on 
the medial ridge of the tibial plateau. 


Type II frames* For placement of Type II frames with 
transfixation pins that are damped on both bars, the initial 
transfixation pins are placed in the proximal and distal 
metaphyses of the bone. These pins should be centered ir; 
the bone on the medial to lateral plane and parallel to their 
respective joint surfaces. The fracture is then reduced by dis¬ 
tracting the transfixation pins manually, using the weight of 
the animal in the hanging-limb position, or with a fracture 
distractor placed on the concave side of the fracture utf 
p. 893 ), A limited open approach may be performed to facil¬ 
itate reduction of simple fractures when the bone column 
can be reconstructed. Comminuted fractures can be indi¬ 
rectly reduced in a dosed manner by distraction. The medial 
and lateral connecting bars containing the 
number of damps are secured to the transfixation pins. A 
third connecting bar with three damps is secured to the 
transfixation pins on one side of the limb. Alternatively 
guiding device may be used. Remaining transforation fl¬ 
are placed using the guide bar to ensure proper alignment of 
the pins with the damps. At least two pins (preferably three 
should be placed proximal and distal to the fracture (Fig. 
34-109). [f needed, additional stiffness for the Type III fic¬ 
tion splint should be provided at this time, 1 j 

Radiographs should be critically assessed to determines 
the proximal and distal joint surfaces are parallel to ead 
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fractures. An "open but don't touch” approach is used when 
ma jor segment alignment is the goal. The size of nail selected 
should correspond to the width of the medullary canal at the 
isthmus of the bone. The interlocking nail is inserted in a 
normograde manner starting at the craniomedial aspect of 
the tibial plateau. A medial parapatellar approach (see p, 
1116) is used to expose the point of insertion. Flexing the sti¬ 
fle 90 degrees facilitates nail insertion. 

Application of External Skeletal Fixation 

External skeletal fixation is particularly useful for treating a 
wide variety of tibial diaphyseal fractures. The stiffness of a 
fixator can be increased in animals with low fracture assess¬ 
ment by adding fixation pins and using bilateral and biplanar 
frames (see p, 861). Because tibial fractures are frequently 
open, the use of external fixation is desirable to avoid invad¬ 
ing the fracture site with metal implants. Another advantage 
is that removal of external fixation devices is easily accom¬ 
plished. Implant removal is desirable because of the lack 
of soft tissue coverage and the frequency of open fractures. 
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FIG 34-108 

Sequence for placement of Type la external fixator on craniomedial surface or the tibia in 
patients with high fracture-assessment scores. A, Place unilateral fixation pins in the 
roximal and distal metaphyses. The pins should enter from the craniomedial aspect of the 
, B, Add the connecting bar and appropriate number of pin gripping clamps. Place the 

nd into the bone diaphysis. C, Cut the excess 


ed 


p ro x 
limb 


pins through the clamps a 


remaining 
pin, and tighten the clamps 


ith 


fractures are reconstructed and the fracture lines com- 

screws. The reconstructed fracture is pro- 

neutralization plate. Comminuted fractures 
that cannot be reconstructed may be treated by distracting 
the fracture, realigning the limb, and applying the plate in a 

(attaching it to the intact bone without 
disturbing fragments). A plate/rod combination can also be 
used for comminuted fractures (see p, 886), When planning 
the plate for a comminuted fracture, the plate should be con¬ 
toured to match the craniocaudal radiographic view of the 

contralateral tibia. 


,iher. The angulation of the limb can be corrected by loos¬ 
ening the distal clamps and repositioning the distal segment 
of the bone (Fig. 34-110). Radiographs are evaluated to de- 
rermine If there is rotational malposition. When a true lat¬ 
erals craniocaudal view is made of the proximal joint, the 

of the distal joint should also 
film. Rotational alignment can 
moving one connecting bar, rotating the distal clamps, and 
replacing the bar. After all adjustments have been made, the 

damps should be tightened. 
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NOT: * Do no! manipulate the fragments at the 
comminuted fracture site. 


plate to match 
oration of the tibia is essential. Fail- 


NGTE • Careful contouring of the 

the normal co 
ure to reproduce the normal curve of the tibia will re¬ 
sult in valgus angulation of the limb. 


led 


, A 


the 


Application of Bone Plates and Screws 

Bone plates are an excellent method of stabilizing tibial dia¬ 
physeal fractures. The plate 
ri;,medial surface of the tibia. A wide exposure of the frac¬ 
ture and intact bone is needed for fracture reconstruction 

and plate application. Care 
incision cranial to die position ot the pi 
plant irritating healing (issues. The plate is applied as a com¬ 
pression plate to transverse fractures. Long oblique or spiral 


A a 


uns 

t of 


is usually applied to the wide, 


If open reduction of the fractured tibia is performed, har¬ 
vesting autogenous cancellous bone should be considered to 
enhance bone healing (see p, 895). The most accessible site 
for cancellous bone harvest is the ipsilateral proximal 
humerus. The ipsilateral ilium and tibia and the contralat¬ 
eral tibia can also be prepared for cancellous bone harvest. 
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FIG 34-109 


Sequence for placement of Type II external skeletal fixators to treaf tibial fractures in 

th moderate and low fractureassessment scores. A, Place the transfixation pins 


c 


patients wi , , 

in the proximal and distal metaphyses of the bone, parallel to their respective joint 

surfaces. B, Reduce the Fracture, and secure the medial and lateral connecting bars con 

taining the predetermined number of clamps to the translation pins. Secure a third 

connecting bar with three clamps to the transfixation pins on one side of the limb, 

C and D, Place remaining transfixation pins using the guide bar to ensure proper 

alignment of the pins with the clamps. Cut each pin before moving the guide clamp to the 

next position. E, Cut the excess pin, and tighten the damps. 
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be performed (see p, 822)* Appropriate pain management 
should be instituted (see fable 34-5), Concurrent injuries 
should be managed before anesthetizing the animal forfei¬ 
ture fixation. Prophylactic antibiotics are indicated when 
open reduction is performed (see p. 826). 


Preoperative Management 

Open wounds should be managed initially by carefully clip 
ping surrounding hair, cleaning the wound, and obtaining 
swab for bacterial culture and susceptibility testing. Cultures 
of open wounds should be obtained before administration 
of antibiotics. The limb should be temporarily stabilized 
with a Robert Jones bandage to immobilize the fragments, 

prevent soft tissue swelling, protect or prevent 

can 
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FIG 34-110 


A, To correct a valgus angulation of the tibia, loosen the damps distal to the fracture. 
Reposition the distal segment of bone by moving the clamps distaNy on the lateral bar and 
proximo I ly on the medial bar until the joints are parallel Reverse the procedure to correct 
varus angulation, B, When the joints are aligned, tighten the clamps. 


a 


Surgical Anatomy 

Tk cranio medial surface of the tibia is not covered by 
cte and can be easily palpated to serve as a landmark for lo¬ 
cation of the incision. Extensor muscles on the lateral sur¬ 
face of the tibia and flexor muscles caudal to the tibia can be 
retracted to expose the bone. The medial saphenous 
crosses the medial portion of the distal tibia* 
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Positioning 
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The leg should be prepared from the hip to below the hock 


B 


If cancellous bone graft harvest is anticipated, a donor site 
should also be prepared. For closed reduction or limited 
open reduction and external skeletal fixation, the animal 
should be positioned with the affected leg suspended from 
the ceiling to improve visualization of correct join! align¬ 
ment (see p. 893), If open reduction is performed, the ani¬ 
mal should be positioned in dorsal recumbency and the limb 
draped out and released to expose the medial surface. 
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SURGICAL TECHNIQUES 

Craniomedial Approach to the Tibia 

Mote o craniomedial s kin incision parallel to the tibia! crest 
and extend it the entire length of the tibia (Fig. 34-11 I, A }. 
iContin ue dissection through the fascia 

enous vein and nerve crossing the middle to distal third 
of the tibia! diaphysis (Fig * 34*11 / , B/, 


1 


FIG 34-1 1 1 

A, To approach the craniomedial aspect of the tibia, make 
craniomedial skin incision. Extend the incision the length ol 
the tibia if a plate is being applied, B, Dissect through 
fascia, avoiding the medial saphenous vein and 
crossing the middle to distal third of the tibia! diaphysis. 
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1012 PART IV Orthopedics 


Stabilization of Midshaft Transverse 
or Short Oblique Fractures 


figuration requires axial, rotational, and bending support. This 
can be achieved with bone plates, interlocking 
clage wire, IM pins, cerclage wire/external fixator combina¬ 
tions, and IM pin plus cerclage wires. Useful fixation systems in 
patients with a low fracture-assessment score (0 to 3) are neu¬ 
tralization plates or interlocking nails. Inter fragmentary com- 
pressi on is fi rst ach i eve d w r ith cere la ge wi re o r 1 ag sc re ws to re¬ 
construct the cylinder of bone; the area is then bridged with a 
bone plate or interlocking nail. Alternatively, an IM pin can be 
inserted initially and interfragmentary compression applied 
with cerclage wire. An external skeletal fixator with threaded 
fixation pins then provides additional support. With a moder¬ 
ate fracture-assessment score (4 to 7), a neutralization plate, in¬ 
terlocking nail, lag screws, or cerclage wire lor interfragmen- 
lary compression combined with a Type 11 or Type lb external 

should have a raised 


From a mechanical perspective, this fracture configuration 
allows load sharing between the bone 
gery. Stabilization of a transverse or short oblique fracture 
requires rotational and bending support. This can be 
achieved with bone plates, an IM pin with an external fixa¬ 
tor, or an external fixator alone. The final implant choice 
should be determined by the fracture location and patient 
fracture assessment. Fixation systems used with a low 
fracture-assessment score (0 to 3) include a bone plate and 


screws inserted to function as a compression plate, an inter¬ 
locking nail, or a Type II external skeletal fixator with raised- 
threaded transfixation pins. With a moderate fracture- 
assessment score (4 to 7) a compression plate, interlocking 
nail, Type 11 external skeletal fixator, Type lb external fixator 
is functional. The transfixation pins can be a combination of 
smooth, negative-profile, and raised-threaded pins depend¬ 
ing on the length of time the fixator must stay in place. 
Transverse or short oblique fractures in patients with a high 
fracture-assessment score (8 to 10) can be stabilized with a 
east, 4-pin to 6-pin Type la external fixator, or IM pin 2-pin 
Type la external skeletal fixator (Fig- 34-112)* 


fixator may be used. The fixation pins 


thread or a negative thread profile. With a high fracture 
ment score (S to 10) an IM pin combined with cerclage 


wire for 


useful method to stabilize 


in ter fragment ary compression is a 
the fracture (Fig. 34-113)* 


Stabilization of Midshaft Comminuted 
Fractures with Multiple Fragments 

From a mechanical perspective, these fractures cannot be re¬ 
duced without significant soft tissue manipulation, and 
there is no load sharing between the implant and bone until 
biologic callus forms to provide support. Therefore very 
high stresses will be imposed on the implant and its connec¬ 
tion to the bone. If the biologic assessment is favorable, the 
imposed stresses will be of short duration, with less likeli¬ 
hood of implant failure. If the biologic assessment is nor fa¬ 
vorable, however, imposed stresses will act on the implant 


Stabilization of Midshaft Long Oblique 
Fractures or Comminuted Fractures 
with Large Butterfly Fragment 

From a mechanical perspective, these fractures can be reduced 
and interfragmentary compression applied with cerclage wire 

screws. Once the interfragmentary fracture lines are re¬ 
duced and compressed, the bone is able to share the loads with 
the implant postoperatively. Stabilization of this fracture con¬ 
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or 




FIG 34-1 1 2 


Recommended methods for stabilizing transverse or short oblique tibial fractures based 
fracture-assessment score. 
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tor an extended period, and implant failure is more likely. 
Enhancing the biologic response by indirectly reducing the 
fragments (closed reduction and bridging osteosynthesis) or 
by inserting an autogenous cancellous bone graft (with open 
reduction ) is recommended. From a mechanical perspective, 
these types of fractures need rigid axial, rotational, and 
bending support. 

Stabilization can be achieved with a buttress plate, inter¬ 
locking nail, Type JJ or III external skeletal fixator 
bone plate/pin combination. Patients with low fracture- 
assessment scores (0 to 3) are best managed with a bone 
plate/pin combination or rigid Type II or III external skeletal 
fixator. The transfixation pins should have a raised thread, 
and at least two pins should be applied above and two pins 
below the area of comminution. It is always better to err on 
the side of too much rigidity rather than too little rigidity be¬ 
cause the fixator can be destabilized postoperatively. A pa¬ 
tient with a moderate fracture-assessment score (4 to 7) can 
be managed with a bone plate functioning as a buttress plate 
(lengthening plate or broad plate), an interlocking nail, or a 
Type II external fixator applied with closed reduction. 

A patient with a midshaft comminuted fracture would 
have a high fracture-assessment score (8 to 10) only when 
the biologic assessment is extremely favorable, such as a 4- to 
5-month-old animal with a closed, single-limb injury. These 
animals could be managed using bridging osteosynthesis 
with a Type II or Type lb external fixator. The transfixation 
pins may be smooth pins or may have a negative thread pro¬ 


file depending on the amount of time the fixator needs to 
main in place (Fig. 34-114). 


re- 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Equipment necessary for pin and wire placement includes 
retractors, bone-holding forceps, reduction forceps, Jacob 
pin chuck, IM pins, Kirschner wires, orthopedic wire, wire 
twisters, and wire and pin cutters. Additional equipment 
needed for external fixation includes a low-rpm power drill 
and external fixation damps and bars. Interlocking nail 
equipment is needed for nail application. Plating equipment 
and a high-speed drill are required for application of plates 
and screws. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative care is the same as for radial diaphyseal frac¬ 
tures (see p. 947). External fixation devices can he removed 
when there is radiographic evidence of bridging callus. 
When bridging callus is not complete, destabilizing the ex- 
ternal fixator frame by converting from a Type III to a Type 

or by removing pins from a Type II or I frame in¬ 
creases the load, stimulating fracture remodeling while still 
protecting the fracture. In some cases, removal of pins caus¬ 
ing morbidity destabilizes the frame while increasing patient 
comfort. IM pins are removed after the fracture has healed. 
Interlocking nails may be left in place unless implant-related 


or 


no 34-1 13 

Recommended methods for stabilizing long oblique or reducibl 
based on fracture-assessment score. 


comminuted tibiol fractures 
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FIG 34*114 , , , f , , 

Recommended methods for stabilizing nonreducible comminuted tibial fractures based 

fracture-assessment score. 
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complication occur. Plates are generally removed after the 
fracture has healed because tissue irritation and cold sensi¬ 
tivity may occur because of the minimal soft tissue coverage 

over the plate. 
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in cats, Comp mi Cun* 
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PROGNOSIS 


si 


reduction in- 


Complications with tibial fractures after open 
dude osteomyelitis, implant migration resulting in soft tis- 

irotation, malunion, delayed union, and 
Complications encountered with external fixation of the 
tibia include pin loosening and pin tract drainage. Occa¬ 
sionally these problems are severe enough to warrant 

moval or replacement of the pin before fracture healing, 


ti 
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TIBIAL AND FIBULAR METAPHYSEAL 
AND EPIPHYSEAL FRACTURES 


nonunion. 


s u e 
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re- 


DEFINITIONS 


sh 


Metaphyseal fractures and epiphyseal fractures occur in 
trabecular bone. Articular fractures disrupt the joint surface 


ca 


be 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Ml 
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ph 


Fractures of the proximal tibial metaphysis and epiphysisoc- 
infrequently in mature dogs and cats. 1 hese fractures iw 
usually transverse or short oblique in nature. Fractures of 

mature animals usually involve the malic 
oli, either as fractures of the malleoli or as erosion injure 
that remove the malleoli. Loss of malleolar stability results 
loss of collateral ligament function and talocrural instability 

Accurate alignment of malleolar fractures and 
of the fragment are necessary to achieve joint stability' and 
decrease subsequent development of degenerative joint 

disease. I 
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If the fracture is not rotational!/ stable, angle 

the fracture line . Place a figure-eight orthopedic 


Kirschner 


DIAGNOSIS 

Clinical Presentation 

Signal ment. Any age, breed, or sex ot dog or cat may be 
affected. Young animals more frequently sustain vehicular 

trauma. 

History, Affected animals usually present with 
weight-bearing lameness after trauma. Owners may be 
unaware that trauma occurred. 

Physical Examination findings 

Because of the traumatic nature of these tibia! and fibular 
fractures, the entire animal must be assessed to detect 
abnormalities of other body systems. Palpation of the 
limb may reveal swelling, pain, crepitation, and instability 
of the adjacent joint. There may be a degloving injury 
of the tarsus (see p 

distal tibia. Although no major nerves are in the immedi- 

dogs often appear to have abnormal propriocep¬ 
tive responses because they are reluctant to move the 

limb. 


wire across 

wire around both ends of the Kirschner wire to provide com 

pression to the fracture line (Fig. 34 d \5 f A), 


Application of Crossed Kirschner Wires or 
Intramedullary Pins for Transverse or Short 
Oblique Proximal or Distal Tibial Fractures 

The fracture is reduced. A Kirschner wire is driven from the lat¬ 
eral surface of the tibial epiphysis across the fracture and into 
the tibial metaphysis, exiting the medial cortex. A second wire 
is driven from the medial tibial epiphysis across the fracture 
and into the metaphysis, exiting the lateral cortex. Care must 
be taken to avoid penetrating the articular surface. Alterna¬ 
tively the Kirschner wires may be driven from the metaphysis 
to the epiphysis (Fig. 34-115, B )* This technique can also be 
used for transverse fractures of the distal tibial metaphysis. 


a 


non 


, 1147) associated with fracture of the 


ate area, 


Preoperafive Management 

There may be extensive damage and loss of tissues in the 
of the fracture. Open wounds should be managed initially by 
carefully clipping surrounding hair, cleaning the wound, and 
taking a culture for microbial sensitivity testing from deep 

The tibia should be temporarily stabilized with a 


Radiography 


The extent of bone and of soft tissue damage should be as¬ 
sessed on c rani oca tidal and lateral radiographs that include 
joints proximal and distal to the affected tibia. Fractious an¬ 
imals or those in extreme pain may require sedation 

has been determined that no contraindications (shock, hy- 

dyspnea) to administration of sedatives 


tis sues. 

Robert Jones bandage (see p. 822.) to immobilize fragments, 
decrease or prevent soft tissue swelling, protect or prevent 
open wounds, and increase patient comfort until surgery can 


paten sion, severe 
exist. Thoracic radiography should be performed to evaluate 


in 


m 


pulmonary changes. 


Laboratory Findings 

Complete blood count and serum chemistry evaluation 
should be clone to evaluate the status of the animal for anes¬ 
thesia and to determine if concurrent injury to the renal or 

hepatobiliary systems exists. 


i 


DIFFERENTIAL DIAGNOSIS 


distal tibial fractures 


Animals presenting with proximal or 

should be evaluated to determine whether fractures are 


caused by trauma or underlying pathology ( neoplasia, meta¬ 
bolic disease). Joint luxations can be differentiated from 

fracture s radiograp h leally. 


r m 
face. 


MEDICAL MANAGEMENT 


imals with tibial and fibular meta- 


Medical treatment of an 

physeal and epiphyseal fractures may include analge 
Table 34-5) and administration of antibiotics to treat open 


sics (see 


is oc- 
es are 
res ot 
nalle- 
[juries 

uits in 

ib ili tv. 
x ati o n 
tv and 
: ioint 


fractures (see p. 826) 


SURGICAL TREATMENT 

Application of Intramedullary Pin and 
Figure-Eight Kirschner Wire for Transverse 
ot Short Oblique Proximal Tibial Fractures 

hoximal tibial fractures may be reduced and stabilized with 
!Mpins as described for diaphyseal fractures of the tibia {see 


FIG 34-1 15 


Simple single fractures of the proximal tibial metaphysis in 
dogs with high fracture assessment scores can be stabilized 

intramedullary pin. A, Kirschner wire and figure- 

eight orthopedic wire may be added for rotational stability. 
B, Crossed Kirschner wires may also be used. 
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be performed. Concurrent injuries should be managed be¬ 
fore anesthetic induction for fracture fixation. 

Anesthesia 

Anesthetic management of animals with fractures is 

cussed on p. 824. 

Surgical Anatomy 

The medial aspect of the proximal tibia is covered only with 

skin and subcutaneous tissue ; 
approached. The saphenous nerve 
surface of the proximal tibia* 1 be lateral 
and fibula is covered by the cranial tibia! muscle, and the 
tendon of the long digital extensor muscle is visible. The lat¬ 
eral collateral ligament attaches from the lateral femoral 
condyle to the fibular head and stabilizes the stifle. The per¬ 
oneal nerve and popliteal artery lie caudal to the fibular 


e a sil v be pa Ipat ed a n d 


can 


lies caudal to the medial 


aspect of the tibia 


h e a d * 


The medial malleolus of the distal tibia and lateral malic- 
olus of the fibula extend distal to the articulating surfaces of 
the distal tibia and talus. The long and short parts of the 

from the medial malleolus. 


me 


FIG 34.116 

Fractures of the proximal fibula resulting In stifle instability 

may be stabilized with a lag screw placed through the 
fibular head and secured to the tibia. A, Cranial view. 

B, Dorsal view. 


dial collateral ligaments arise 
The long and short parts of the lateral collateral ligaments 

arise from the lateral malleolus* These ligaments are essential 
for hock stability. Tendons of the cranial tibial and long dig¬ 
ital extensor muscles cross the cranial surface ol the distal 

vein crosses the medial surface 


tibia. The medial saphenous 


859 for genera/ casting techniques and p. 1007 for 

f a cast to the tibia . if open reduction is necessary, 
achieve stabilization with an IM pin and adjunct wire fixation .* 

Crossed Kirschner wires or cancellous lag screws may also 
be used, although additional external support may be re¬ 
quired for dogs with moderate fracture assessment scores 
(see Fig. 34-115). Dogs with low fracture assessment scores 
may need plate stabilization. Fractures of the proximal fibula 
require stabilization if stability of the stifle is impaired due 

to disruption of the lateral collateral ligament (Fig. 34-116). 
The fibular head and attached lateral collateral ligamentmay 
be secured to the tibia with a bone screw and Teflon washer, 


Refer to p 


of the distal tibia. 


a 


Positioning 

The limb should be prepared from the hip to below 

hock. If cancellous bone graft 
site should be prepared (ipsOateral proximal tibia or proxi¬ 
mal humerus). The animal should be positioned in lateral or 

mbency and the limb draped out for proximal 


harvest is anticipated, a donor 


dorsal recu 

tibial and fibular fractures* The animal is positioned in 

for treatment of distal tibial and fibular 


dorsal recumbency 
fractures. 


SURGICAL TECHNIQUES 

Surgical Approach to the Proximal Tibia 

The eraniomedial approach to the tibia (see p. 1011) i 
tended pi ox imally to 


Stabilization of Malleolar Fractures 

Fractures of the malleoli are usually treated with open 
duction and internal fixation with a tension band wiring 
technique; however, a cancellous screw functioning aw fo 

also be used if the fracture-assessment score is km 


is ex- 
al ap- 

p* 1116) is used to expose the fibular 


re¬ 


in cl tide the metuphysis. Fhe 


proach to the stifle (sec 


head for stabilization. 


screw can 


Surgical Approach to the Distal Tibia 

The eraniomedial approach to the tibia (see 
tended distally to expose the medial malleolus. The lateral 

malleolus is approached via 
malleolus, with blunt and sharp dissection of surrounding 

tissues to expose the bone. 

Stabilization of Proximal Tibial and Fibular 
Metaphyseal Fractures 

F r a ct u res o f th e p roxi m al 

rith a cast if the fracture can be reduced closed, is stable, and 
will heal rapidly 


(Fig. 34-1 17). Additional external fixation or coaptationu 
used as 


i 


necessary to support the internal fixation device. 
Application of tension bond# Reduce T iVccto/e 

(medial malleolus of tibia or lateral malleolus of fibulai anti 
start two Kirschner wires in the fragment Drive the wires 

the fracture line to lodge in the major bone segment 


p* 1011) is ex- 


t 


a lateral skin incision over the 


I 


across 

Place a transverse drill hole in the major bone segment pass 

wire through the hole and around raj 


( 


% u re -eigh t 


a 


Kirschner wire , and tighten it 

Application of lag screws. For the medio' nai ^ 

reduce the fracture and drill a gliding hole (equal to the dr 


i 


in a v be stabilized 


tibial metaphysis 




vs 


fhe screw J in the mo flee far fragroer 


1 


ameter o f the threads on 


(fracture-assessment score of 8 to 10). 
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FIG 34-117 

A ond B, Fractures of the tibia I and fibular malleoli can be repaired with a Jag screw. 
C, Tension band wires can be used in patients with high fracture-assessment scores. 










Place an insert drill sleeve into the gliding hole > ond drill 


ture. Passible complications include malunion, which may 
cause incongruities in joint and limb alignment. Fractures 
that involve the articular surface predispose the joint to 
development of degenerative joint disease. Malalignment 
of articular fractures routinely causes degenerative joint 
disease. 


o 


smaller hde fequa/ to the core diameter of the screw) across 
jfe tibia Measure, tap , and select and place the 
oppr agnate-length screw. Compression of the fracture should 
occur (see fig. 34-1 i 7 and p. 884 for lag screw techniques), 
Wliea stabilizing the proximal or distal fibula to the tibia , the 
fibula is treated as the fragment by drilling the gliding hole 
trough the fib ula and the tapped hole in the tibin . 




















TIBIAL AND FIBULAR 
PHYSEAL FRACTURES 




SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 




?r 




Instruments needed include a high-speed power drill, equip¬ 
ment for lag screws, Kirschner wires, IM pins, orthopedic 
wire, wire twisters, wire cutters, and reduction forceps. 




Yr 


DEFINITIONS 




n. 


Physeal fractures may occur through the cartilaginous 
growth plate of the proximal or distal tibia or tibial tuberos¬ 
ity in immature animals. 


POSTOPERATIVE CARE 
AND ASSESSMENT 




e- 




SYNONYMS 




Postoperative radiographs should be made to document 
I fracture reduction or alignment and implant position. Post- 

iperadve pain mangement is indicated (see Table 34-5), Af- 
I ter internal fixation a soft padded bandage should be applied 
for a few days to control swelling and support soft tissues. 
I Active dogs may require a splint for 3 to 6 weeks to protect 
1 distal tibial implants. Physical therapy (range of motion ex¬ 
ercises tor 10 to 15 minutes two or three times daily) is indi- 
I cated to help restore joint function (see Table 34-6). Open 
I wounds are treated daily with W' r et to dry dressings until a 
I granulation bed has formed. The wound(s) should be cov- 
1 eied with a non adhesive pad and the bandage changed as 
I needed. Daily hydrotherapy aids in cleaning open wounds 
1 ..vJ reducing postoperative swelling. The animal should be 

I released to the owner with instmetions to limit exercise irn- 

I til radiographic evidence of bone healing is apparent. 
Rediecks sheuld be sch edu 1 e d at 2 we ek s to r suture re m ova 1 
and monthly or every 6 weeks for radiographic evaluation 
1 -.see Table 34-7), Implant removal may be necessary after 

1 bone healing if implants interfere with or irritate soft tissues. 


es 




Epiphyseal plate fractures, slipped physis 


lla 




ue 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


6 ). 


iay 


The cartilaginous physis is weaker than surrounding bone 
and ligaments, making it more susceptible to injury (see 
p. 842). The Sal ter-Harris classification is used to categorize 
physeal fractures on the basis of radiographic and histologic 
appearance (see p, 828), Tibial physeal fractures may or may 
not be displaced. Proximal tibial physeal fractures are usu¬ 
ally Salter 1 or II fractures, although rarely Salter III or IV 
fractures occur. With Salter I or II fractures the epiphysis 
may be displaced caudal aterai to the tibial diaphysis, and 
additional injury to collateral ligaments may occur. Open 
reduction and internal fixation is usually required for treat¬ 
ment, Distal tibial physeal fractures are also usually Salter I 

or II fractures. 
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ing 
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and 
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DIAGNOSIS 

Clinical Presentation 


PROGNOSIS 


a/ u$ f 

e di- 


Signal merit. These fractures occur in immature dogs or 


Metaphyseal fractures usually heal quickly because of the 
large amounts of cancellous bone surrounding the frac- 


cats with open physes. 
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History- Affected animals usually present with a 
non-weight-bearing lameness after trauma. Owners may be 
unaware that trauma occurred. 

Physical Examination Findings 

Because of the traumatic nature of physeal fractures, the en¬ 
tire animal must be assessed to detect abnormalities of other 
body systems. Palpation of the limb may reveal swelling, 
pain, crepitation, and instability of the adjacent joint. Dogs 
often appeal to have abnormal proprioceptive responses be¬ 
cause they are reluctant to move the limb. 

/ 

Radiography 

Craniocaudal and lateral radiographs of the affected tibia 
and fibula (which include the proximal and distal joints) are 
required to diagnose Salter 1 to Salter IV fractures. With 
minimally displaced fractures, it may be difficult to deter¬ 
mine if the normally radiolucent physis is really fractured. 
Comparing radiographs of the opposite limb is often bene¬ 
ficial, particularly with tibial tuberosity avulsions. Fractious 
animals or those in extreme pain may require sedation for 
radiography after it has been determined that no contraindi¬ 
cations (shock, hypotension, severe dyspnea) to administra¬ 
tion of sedatives exist. Thoracic radiography should be per¬ 
formed to evaluate pulmonary changes. 

Radiographs made at the time of injury do not provide 
information about crushing injuries to the physis or damage 
to the physeal blood supply Therefore it is difficult to give an 
accurate prognosis for growth with these fractures at the 

time of injury 

Laboratory Findings 

Complete blood count and serum chemistry evaluation 
should be done to evaluate the status of the animal for anes¬ 
thesia and to determine if concurrent injury or damage of 
the renal or hepatobiliary systems exists. 




FIG 34-1 I S 

Nondisplaced tibia! physeal fractures can be stabilized with 
a cast. 


Kirschner wire crossing the physis allows proliferating carti¬ 
lage to slide along the pin. Pins placed perpendicular to the 
physis allow growth more readily than pins placed obliquely 
and anchored in cortical bone (cross-pinning technique:. 
The growth potential of individual animals also dictates the 
fixation used. The growth of an animal that is close to skele¬ 
tal maturity will not be adversely affected by fixation in¬ 
hibiting physeal function, whereas immature animals often 

develop some deformity 

Application of Casts 


F 


F 


d 


r i 


P 




DIFFERENTIAL DIAGNOSIS 


Tc 


Physeal fractures can be differentiated from joint luxations 
or soft tissue trauma radiographically. 


m 


h 


NOTE * Smooth implants are used when crossing 
the physis. 


IF 


MEDICAL MANAGEMENT 


Pi 


Medical treatment of animals with tibia! physeal fractures 
may include analgesics (see Table 34-5) and antibiotics to 
treat open fractures (see p. 826). 


Casts applied to the tibia should reach from the toes to above 
the stifle (see p. 859). The limb should be held in slight ex¬ 
tension with the hock in slight varus while the cast harden 

(Fig. 34-118; see also Fig. 34-105), m 


Th 


for 


ere 


SURGICAL TREATMENT 


wo 


Fractures through and adjacent to the tibial physes can be 
treated with external coaptation or internal fixation. Exter¬ 
nal coaptation devices will not affect physeal function, but 
internal fixation may affect function. Plates and screws or 
external skeletal fixation devices that span the physis prevent 
normal function by indirectly applying pressure on the ph¬ 
ysis. Pins and screws that directly cross the physis have the 
potential to damage the portion of the physis invaded. 
Threads of a pin or screw placed across the physis will not al¬ 
low continued growth; however, a smooth IM pin or 


per 


Application of Crossed Kirschner Wires I 
or Intramedullary Pins ■ 

Crossed Kirschner wires or IM pins may be used to subto I 
tibial physeal fractures. Care should be used when reduin I 
the fragments to avoid traumatizing the physis. One Kirscbr 
wire is driven from the lateral surface of the tibial epiphvas 1 

the physis, into the tibial metaphysis, and through th 


ane 




An 


Ane 


cus; 


Sui 


across 

medial cortex. The second wire is driven from the medial 


Sur£ 


ial epiphysis across the physis, into the metaphysis, ane. 


p. ] C 
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FIG 34-119 

Displaced tibia! physeal fractures can be treated with open 
reduction and placement of crossed Kirschner wires. 














FIG 34-120 

Avulsions of the tibial tuberosity can be reduced and 
stabilized with two Kirschner wires. If displacement of the 
fragment occurs when the stifle is flexed, a figure^eight 
orthopedic wire may be added. 


ihrough the lateral cortex. Care should be used to avoid pen¬ 
etrating the articular surface. This technique can also be used 
tor physeal fractures of the distal tibia, even though the 
Kirschner wire or pin driven from the lateral aspect of the 
tibia may penetrate the fibular malleolus (Fig. 34-119). 

Application of Tension Band Wire 

wire may be used to stabilize tibial tuberosity 
physeal fractures. The tibial tuberosity is reduced, and two 
Kirschner wires are started in the fragment. "1 he wires are 
driven across the phvsis to lodge in the proximal tibia. The 

if stabilization is sufficient to 
prevent avulsion of the fracture; if not, a tension band wire 
should be used, even though it may prevent physeal growth. 












Positioning 

The limb should be prepped from hip to below the hock. 
The animal is positioned in dorsal recumbency and the limb 
draped out for physeal fractures of the tibia. 








Tension band 




SURGICAL TECHNIQUES 

Surgical Approach to the 
Craniomedial Tibia 




repair is checked to determine 






Use a proximal extension of the craniomedial approach to 
the tibia (see p. 1011) for proximal tibial physeal fractures 
and tibia! tuberosity avulsions * 






lb p.bce a tension bond wire, drill a transverse hole in the 
major bone segment, pass a figure-eight wire through the 
hole ond around the Kirschner 

jng* 34-120; see p, 880). 

Preoperotive Management 

The rear limb should be temporarily stabilized with a Robert 
I ones bandage (see p. 822) to immobilize fragments, de¬ 
crease or prevent soft tissue swelling, protect or prevent open 
wounds, and increase patient comfort until surgery can be 
performed. Concurrent injuries should be managed before 
anesthetic induction for fracture fixation 










Surgical Approach to the Distal Physis 

Approach distal physeal fractures with a distal extension of 
the craniomedial approach to the tibia or with a cranial skin 
incishn and refraction of the extensor tendons. 

Stabilization of Nondisplaced Fractures 

Most physeal fractures have a fracture-assessment score of 8 
to 10 (see p. 855), because affected animals are young and 
physeal fractures heal quickly. Therefore the implant system 
chosen does not need to function for a long time. 


and tighten the 




wi re 


/ 
















B 


Anesthesia 

Anesthetic management of animals with fractures is dis¬ 
cussed on p. 824, 

Surgical Anatomy 

Surgical anatomy of the tibia and fibula is provided on 




Treat nondisplaced physeal fractures with closed reduction 

and a cast that immobilizes the stifle and the hock (see Figs. 

34-1 IS and 34-105). 

Stabilization of Displaced Fractures 

Displaced fractures require a surgical approach and gentle 
reduction to restore physeal alignment. Internal fixation of 
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choice for proximal physeal fracture in immature dogs is 
Kirschner wires or small IM pins* 


laginous physis at the zone of hypertrophied cells. The prog¬ 
nosis is poor for future physeal growth after trauma that 
crushes the physis* Unfortunately, most trauma-induced 
physeal fractures sustain damage to the growing cells and 
have a guarded prognosis for growth. Although the tibia and 
fibula are a paired bone system, premature closure of the 
proximal or distal tibial physis usually results in a short but 
straight limb, for which the animal compensates by extend¬ 
ing the stifle. Premature closure of the tibial tuberosity ph¬ 
ysis can alter the conformation of the proximal tibia and re¬ 
sult in impaired function and degenerative joint disease ul 
the stifle. 


Use closed reduction for minimally displaced distal tibial 
fractures, and stabilize with a cast. Alternately, use Kirschner 
wires or small Steinmann pins as crossed pins to stabilize 
fractures that require open reduction (see Fig . 34 -1 IP J, 

Stabilization of Avulsion Fractures 
of the Tibial Tuberosity 

Fractures through the physis of the tibial tuberosity result in 
proximal displacement of the tuberosity and must be re¬ 
duced and stabilized to restore quadriceps muscle function 
and stifle extension. Open reduction is usually necessary to 

reduce the tuberosity anatomically, although occasionally, 
closed reduction through sufficiently extending the stifle re¬ 
aligns the tubercle. The limb can then be cast in extension 
for 2 to 3 weeks. Fixation after open reduction consists of 
two Kirschner wires or a tension band wire (see Fig. 34-120). 


Suggested reading 


■■■■ 


Johnson JM, Johnson AL, EurelJ JA: Histological appearance of nat- 
u ra lly oecu r r i rig ca nine p hysea I frac t u res, Ve f Su rg 23:81 T 1994 


Selected Abstracts of Recent Manuscripts 

Anderson A, Coughlin AR: Sacral fractures in dogs and 
cats: a classification scheme and review of 51 cases, /5niuW 
Anim Pract 38:404, 1997* Fifty-one sacral fractures occur¬ 
ring over 24 years in 34 dogs and 17 cats were reviewed, clas¬ 
sified into five categories based on radiographic appearance, 
and related to additional pelvic injuries and neurologic 
deficits. Thirteen fractures involved the alar of the sacrum; 
6 fractures were longitudinal and involved the sacral foram¬ 
ina; 26 fractures were transverse through the body of the 
sacrum; 2 fractures were avulsions of the origin of thesacro- 
tuberous ligament; and 4 fractures were comminuted 
through the body of the sacrum. Many dogs (74%) and cm 
(88%) had additional pelvic injuries. Neurologic deficits 
were common when the fractures traversed the spinal canal 
or sacral foramina. Many fractures were missed on initial 
observation, so careful evaluation of radiographs is indi¬ 
cated with sacral fractures. j 

Boudrieau RJ, Kudish M: Miniplate fixation for repair o' 
mandibular and maxillary fractures in 15 dogs and 3 cats. 
Vet Surg 25:277, 1996* Maxillofacial miniplates and screws 
were used to stabilize various mandibular and maxillary 
fractures in 18 animals. All but one fracture healed without 
complications and with good to excellent functional jr:J 
cosmetic results. This is an adaptation of the technique of 
applying small plates to bio mechanic ally advantageous loca¬ 
tions to function as tension bands used in humanmaxillofa- I 
dal surgery. Advantages of the mini plate system include pro¬ 
vision of three-dimensional stability; easy contouring ir, ! 
three dimensions, flexibility of plate placement due to snui 

and greater ease of screw placement to avoid toodi 1 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Kirschner wires, IM pins, orthopedic wire, wire twisters, wire 
cutters, and reduction forceps are needed. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative radiographs should document fracture reduc¬ 
tion and implant position. Postoperative pain management is 

indicated (see Table 34-5). After internal fixation a soft 

padded bandage should be applied lor a few days to control 
swelling and support soft tissues. Physical therapy (range of 
motion exercises for 10 to 15 minutes two or three times 
daily) is indicated to help restore joint function (see Table 
34-6). The animal should be released to the owner with in¬ 
structions to limit exercise for 4 to 6 weeks. Rechecks should 

be scheduled at 2 weeks for suture removal and at 4 to 
6 weeks for radiographic evaluation of fracture healing. Ra¬ 
diographs of the injured bone and the contralateral bone can 
be compared for length as early as 2 to 3 weeks after the in¬ 
jury to determine physeal function. Cartilage physes that heal 
so as to a 11 ow cont i n u ed functio n appear r ad i og raph i cal 1 y as 
a lucent line, and increased bone length should be apparent. 
If the physeal line appears as a bone density, endochondral 
ossification has occurred, and continued physeal function is 
unlikely. Implant removal is indicated after physeal healing to 
allow bone growth (if the physis is functional after the 
trauma). Three to 4 weeks postopera lively the tension band 
wires used to stabilize the tibial tuberosity are removed early 
to encourage physeal function and avoid deformity. 
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Cook 1L, Tomlinson JL, Reed AL: Fluoroscopkally guided 
closed reduction and internal fixation of fractures of the { 
lateral portion of the humeral condyle: prospective clinical 
study of the technique and results in ten dogs, Vet % 
28:315,1999. fen dogs with 11 fractures of the lateral portior 
of the humeral condyle were treated with dosed reduction 


PROGNOSIS 


Although the prognosis for healing of a physeal fracture is 
excellent, the prognosis for continued function or growth of 
the physis depends on the amount of damage sustained by 
the zone of proliferating cells. The prognosis is good for fu¬ 
ture physeal growth after a fracture that separates the carti- 
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and internal fixation with screws and Kirschner wires. Intra¬ 
operative fluoroscopic control for monitoring reduction and 
implant placement resulted in anatomic reduction tor five 
fractures and reduction within L5 mm of anatomic in the re¬ 
maining fractures. Implant failure occurred in one fracture* 
and the rest of the fractures healed. Six dogs were free of 
lameness, and three had mild intermittent lameness on final 
to I low - up 9 to 12 m o nths a fter s ur gery. Age at time of frac - 
ture, time elapsed between fracture and surgery, and quality 
of reduction did not affect postoperative function, range of 
motion, or radiographic signs of degenerative joint disease. 


McAnulty JF: Effect of various short-term storage meth¬ 
ods on viability of cancellous bone fragments, Am / Vet Res 
60:63, 1999* Viability of cancellous bone fragments after 
storage for 3 hours at two temperatures and in blood-soaked 
sponges, saline, or five preservation solutions was deter¬ 
mined using ethidium monoazide labeling and fluorescent 
microscopy. Viability in fresh cancellous bone ranged from 
85% to 100%. Viability In cancellous bone stored at 22° C in 
blood or saline was 63.8% and 65,2%* respectively Frag¬ 
ments stored in cold, 2° C saline solution had only 54% via¬ 
bility. Cancellous bone fragments stored under hypothermic 
conditions in solutions designed to prevent temperature- 
dependent cell injury, such as cold phosphate-buffered su¬ 
crose or EuroCollins solution, had improved viability of 
70*4% and 71.4%, respectively. After warm reperfusion 
bility was best for cancellous bone fragments stored in stor¬ 
age solutions designed to offset the adverse effects of hy¬ 
pothermic conditions on viable cells when compared with 
storage in cold saline, hypertonic citrate, or a blood-soaked 
sponge. 

Sardinas JC, Montavon PM: Use of a medial bone plate for 
repair of radius and ulna fractures in dogs and cats: a re¬ 
port of 22 cases. Vet Surg 26:108* 1997, Medial application 
of plates for distal and middiaphyseal radial fractures 
evaluated in 16 dogs and 4 cats* Ages ranged from 5 months 
to 8 years and weights from 1*3 to 49 kg. There were 17 sin¬ 
gle fractures and 5 multifragment fractures. All fractures 
healed without complications. Medial plate application was 
considered technically easier because it avoided extensor 
tendons and permitted greater versatility in plate selection. 


Hardie RJ, Bertram JEA, Todhunter R), Trotter EJ: Biome¬ 
chanical comparison of two plating techniques for fixation 
of acetabular osteotomies in dogs, Vet Surg 28:148, 1999. 

The mechanical properties of the 5-hole 2.7-mm curved ac¬ 
etabular plate were compared with those of a 5-hole 3.5-mm 
reconstruction plate when applied to acetabular osteotomies 
created in cadaver bone. Maximum load to failure, stiffness, 
and energy absorbed (work of failure) were similar for both 
implant systems. Minimal deformation of the plates was ob¬ 
served. Failure occurred at the screw bone interface with the 


screw pulling out or bending. The 2.7-mm curved acetabu¬ 
lar plate was easier to contour and apply and appeared to be 
comparable mechanically to the 3*5-mm reconstruction 


plate in this model* 


Li A, Bennet D, Gibbs C* Carmichael S, Gibson N, Owen M, 
Buttexsworth SJ, Denny HR: Radial carpal bone fractures 
in 15 dogs*/ Smalt Atthrt Pract 41:74-79* 2000. Fifteen adult 
dogs presented over 15 years to four universities with signs 
of chronic carpal pain and lameness. Radial carpal bone 
fractures consisting of an oblique nondisplaced sagittal fis- 
sure combined with a longitudinal fracture were diagnosed 
radiographically. Only one dog had a history of trauma. 
Eleven of the dogs were boxers. Treatments included rest, 
cast application, fragment removal* lag screw fixation, and 
pancarpal arthrodesis. Varying degrees of lameness exacer¬ 
bated with exercise persisted in all cases. Incomplete ossifi¬ 
cation of the radial carpal hone and repetitive stress are hy¬ 
pothesized as causes. 

Lorinson D, Millis DL, Bright RM: Determination of prox¬ 
imal femoral epiphyseal depth for repair of physeal frac¬ 
tures in immature dogs. Vet Surg 27:69, 1998, Methods for 
estimating the safe depth of pin penetration (w ithout pene¬ 
tration of the articular surface) into the proximal femoral 
epiphysis after reduction of a proximal femoral physeal frac¬ 
ture were evaluated using 20 immature dog cadavers* Mea¬ 
suring the narrowest portion of the pubic bone or the depth 

of the contralateral proximal femoral epiphysis provided a 
reliable estimate of the actual depth of the fractured proxi¬ 
mal femoral epiphysis. Body weight was not a reliable esti¬ 
mate of epiphyseal depth. Fins placed centrally in the epiph¬ 
ysis may be safely driven to a depth equal to 75% to 80% of 
the width of the pubis or contralateral epiphysis. Pins placed 
eccentrically in the epiphysis may be safely driven to a depth 
of 65% of the width of the pubis or contralateral epiphysis* 


Stigen O: Supracondylar femoral fractures in 159 dogs and 
cats treated using a normograde intramedullary pinning 
technique ,/Small Anim Pract 40:519,1999* The results ob¬ 
tained after treating Salter I and II physeal fractures and sin¬ 
gle distal metaphyseal fractures with an intramedullary pin, 
started intraarticularly cranial to the origin of the caudal 
cruciate ligament, passed proxfinally to seat in the proximal 
femoral metaphysis, and cut and countersunk below the ar¬ 
ticular cartilage, were evaluated for 159 animals treated over 
27 years* Owners were questioned about limb use after bone 
healing. Follow-up information was available lor 73 dogs 
and 39 cats; 79.5% of dogs and 82.1% of cats were reported 
free of lameness* Results were similar for dogs and cats and 
for dogs of differing sizes. Nine animals (8%) had complica¬ 
tions, including infection and instability* The location of the 
pin entirely within the medullary canal, which limits access 
for removal, did not prove to be a practical problem in this 


series of cases. 


Sukhiani HR, Hohnberg Dt: Ex vivo biomechanical com¬ 
parison of pin fixation techniques for canine distal 
femoral physeal fractures, Vet Surg 26:398, 1997* Salter 1 
fractures created in 40 immature canine cadaver distal fe¬ 
murs were repaired with either a single intramedullary (IM) 
pin, paired dynamic IM pins, paired convergent pins, paired 
crossed pins, or paired crossed polyglycolic acid (PGA) rods 
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for healing of distal fractures in small dogs, Vet Surg 26:57, 
1997. The interosseous vascular anatomy of 12 pair of cadaver 
radii (6 from small-breed dogs and 6 from large-breed dogs) 
was evaluated using arterial India ink injections and a modi¬ 
fied Spalteholz processing technique. There was a decreased 
vaseular density at the distal diaphyseal metaphyseal junction 
in small-breed dogs compared with large-breed dogs. The pos¬ 
sibility of a link between the apparent lack of vascularity and 
the high frequency of nonunions and delayed union observed 
in distal radial fractures in small-breed dogs is discussed. 


and loaded in torsion until failure occurred. The crossed-pin 
technique sustained the greatest load to failure, followed by 
the paired convergent pins, dynamic IM pins, single IM pin, 
and PGA rods. Failure in the crossed pins and divergent pins 
occurred by fracture of the metaphyseal bone. Failure in the 
other fixations occurred by distraction of the fracture. All 
fixations had a lower stiffness and greater deformation than 
the paired intact controls, 

Tomlinson JL, Cook JL, Payne JT, Anderson CC, Johnson 
JC: Closed reduction and lag screw fixation of sacroiliac 
luxations and fractures. Vet Surg 28:188, 1999. Thirteen 
dogs with sacroiliac fractures were treated with dosed re- 
duction and single percutaneous lag screw fixation. Intraop¬ 
erative fluoroscopic control for monitoring reduction and 
implant placement resulted in reduction ranging from 
79.55% to 100%, with a mean of 92.33%. All screws were 
placed in the sacral body. The mean screw depth was 79% of 
sacral width, with a range oi 62.12% to 100%. Nine dogs 
were willing to walk on the affected leg the day after surgery 
One dog was euthanized after implant failure in the concur¬ 
rent ilial body fracture. The remaining fractures healed with¬ 
out complication. No screw loosening was apparent on fol¬ 
low-up radiographic examination. 

Welch JA, Boudrieau RJ, DeJardin LM, Spodnkk G): The in¬ 
traosseous blood supply of the canine radius: implications 


Whitelock RG, Dyce J, Houlton JEF: Repair of the femoral 
trochanteric osteotomy in the dog, / Smalt Anim Pratt 
38:195, 1997. Twenty-four dogs with trochanteric os- I 
teotomies stabilized with 4.0-mm cancellous lag screw ftxa- I 

tion (8 dogs) and tension band wire ( 16 dogs ) were evaluated I 

with physical and radiographic examination 6 weeks after | 
surgery. Additional information was gathered from owners at 
6 months after surgery. Significant clinical complications oc¬ 
curred in one dog by 6 weeks after surgery and 15 dogs had 
radiographic evidence of delayed union or nonunion. There 
was no difference in outcome attributed to treatment. Long- | 
term follow-up of 19 dogs revealed 13 dogs were sound and 
6 dogs exhibited mild lameness. Femoral trochanteric os- I 
teotomy was not associated with significant clinical problems I 
despite the high incidence of radiographic abnormalities. I 
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CHAPTER 


Diseases of the Joints 


noninfectious. Noninfectious arthropathies 


GENERAL PRINCIPLES 
AND TECHNIQUES 


infectious or 

may be erosive or non erosive* The common noninflamma¬ 
tory arthropathies in dogs and cats are degenerative joint dis¬ 
and those resulting from trauma or neoplasia. Numer- 
etiologic agents have been associated with infectious 
arthropathies in dogs and cats, including bacteria, spirochetes 
(Botrelia burgdorferi), rickettsiae (Ehrlichia spp 
rickettiii), mycoplasmas, fungi, calcivimses (cats), bacterial 
L-forms (cats), and protozoa. Nonerosive, noninfectious 
arthropathies include idiopathic immune-mediated non¬ 
erosive polyarthritis, chronic inflammatory-induced pol¬ 
yarthritis, plasmacytic-lymphocytic synovitis, and arthritis 
associated with systemic disease such as systemic lupus 


m v 


NONSURGICAL JOINT DISEASE 


ease 


ou s 


DEFINITIONS 


Arthropathies are diseases that affect joints. Arthritis is the 
term used to denote inflammatory changes in the joint* 
Arthrosis denotes noninflammatory joint disease. Poly¬ 
arthritis is inflammation that simultaneously affects several 
joints. Osteoarthritis or osteoarthrosis is the primarily 

joint disease characterized 

mar- 


noninflammatory degenerative 

by degeneration of articular cartilage, hypertrophy of 
ginal bone, and synovial membrane changes. Ankylosis is 

the end result of degenerative joint or inflammatory dis¬ 
eases, in which the joint is fused after new bone production. 
The synovial joints (e*g„ shoulder joint, hip, stifle.) are lined 
with synovial membrane and allow for relatively free move- 

The components of the fibrous joints (i.e., skull, tooth 

mandibular symphysis, 


TABLE 35-1 


Classification of Arthropathies in Dogs and Cats 


tnflammotory 

infectious 


ment. 

sockets) and cartilaginous joints (i.e 

growth plates) are connected with fibrous tissue or cartilage, 
respectively; therefore these joints allow for little or no 
ment. Arthroscopy is the use of an endoscope to examine and 
treat joints, Arthrotomy is the surgical exposure of the joint. 
Arthroplasty is revision of a joint surface. Arthrodesis is the 

surgical treatment leading to fusion of the joint. 


Bacteria 

Rickettsiae 


move - 


Spirochetes 


Fungi 

Mycoplasmas 

Protozoa 


Noninfectious 

Erosive 

Rheumatoid arthritis 

Feline chronic progressive polyarthritis 

Erosive polyarthritis of greyhounds 
Periosteal proliferative arthropathy 
Nonerosive 

Idiopathic immune-mediated polyarthritis 
ronic inflammatory-induced polyarthritis 
Plasmacytic-lymphocyte synovitis 

Systemic lupus erythematosus 

Noninflammatory 

Degenerative joint disease 

Trauma 

Neoplasia 


GENERAL CONSIDERATIONS 


The diagnosis and treatment of joint disorders is an impor¬ 
tant aspect of veterinary orthopedic practice. Many joint 
diseases are managed medically rather than surgically, and a 
basic knowledge of nonsurgi cal joint diseases is necessary to 
differentiate surgical and nonsurgi cal joint disease and 
prescribe appropriate therapy, A knowledge of normal joint 
'tmeture and function, the joint's response to injury, and the 
treatment of joint diseases also is essential to selection of ap¬ 
propriate treatment regimens and accurate prognostication. 

The common arthropathies of dogs and cats generally are 
categorized as inflammatory or noninflammatory (Table 
3:11, Inflammatory arthropathies are further classified as 


to 
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osteoarthritic joints. Ultrasonography may be helpful for 


erythematosus. Erosive, or deforming, arthropathies include 


evaluating in Particular and extraarticular soft tissue strut- 


rheumatoid arthritis, feline chronic progressive polyarthritis, 


For pertinent radiographic findings of individual 


erosive polyarthritis of greyhounds, and periosteal prolifera- 


tures. 


ind ividual joints 


b el o w. 


joints, see the sections on 


live arthropathy. The pathophysiologies of the most com 


d i scuss ed ind i vid ual 1 y 


monly diagnosed arthropathies 


Laboratory Findings 


in this chapter (see below). Further information about 


The synovial fluid often is evaluated to help differentiate be- 


arthropathies may also be found in most medicine texts. 


tween arthropathies. Cytologic findings range from normal 


DIAGNOSIS OF JOINT DISEASES 


to the presence of phagocytic mononuclear cells, nondegen- 


Clinicol Presentation 


erative neutrophils, or degenerative neutrophils and organ- 


Cy tologic findings may help guide the clinician to ade 


The history and clinical presentation vary depending on the 


isms. 


finitive diagnosis (see Table 35-2), 


arthropathy (see sections on various arthropathies). Dogs 


presented for evaluation both with acute and chronic 


DIFFERENTIAL DIAGNOSIS 


histories of varying degrees of lameness. Joint disease affects 


Differential diagnoses include all of the noninflammatory and 


; cats are affected less often. Os- 


dogs of all ages and sizes 


inflammatory arthropathies (see fable 35-1) The definitive di- 


teoarthritis, the most frequently diagnosed arthropathy, i 


is 


agnosis is made by evaluating the animals history, clinical signs 


estimated to affect as much as 20% of the canine population 


and radiographic and laboratory findings (see Table 35-2) 


1 year of age ( Johnston, 1997), 


MEDICAL MANAGEMENT 


Physical Examination Findings 


OF JOINT DISEASE 


Dogs show varying degrees of lameness associated with 


The medical management of specific arthropathies is pro- 


arthropathies, Muscular asymmetry (between limbs), and 


vided in the discussion of specific diseases. 


joint enlargement may be palpable. Abnormalities in range 


of motion, instability, and painful response and crepitation 


Nonsteroidal Antiinflammatory 


during joint manipulations may be noted. For 


more com- 


Drug Therapy 


plete information on physical examination findings, see the 


Medical management of degenerative joint disease often in- 


sections on individual joints below. 


eludes therapy with nonsteroidal antiinflammatory drugs 


Radiography 


(NSAIDs). NSAlDs reduce production of pro inflammatory 


mediators, including thromboxanes, prostaglandins, prosta- 


Radiography is an effective and essential means of screening 


cyclin, and oxygen radicals, by inhibiting the cyclooxygenase 


affected joints. The radiographic findings in affected joints 


1 and 2 (COX-1 and COX-2) pathways. Drugs such 


range from normal to proliferative or erosive bone lesions, 


carprofen or etodolac, which preferentially inhibit COX-2, 


they can he limited to adjacent soft tissue changes. The ra- 


inhibit the inducible form of the enzyme associated within- 


diographie findings help guide the clinician to a definitive 


that inhibit COX-L 


flammation. Drugs, such as aspirin, 


diagnosis (Table 35-2). Computed tomography (CT) often is 


the gastrointestinal 


inhibit normal physiologic responses in 


helpful for identifying joint incongruities and fragments in 


TABLE 35-2 


Initial Screening to Classify Arthropathies for Additional Diagnostics 


RADIOGRAPHIC FINDINGS 


EROSIVE 


SOFT TISSUE 


PROLIFERATIVE 


SYNOVIAL FLUID 


BONE LESIONS 


CHANGES 


BONE LESIONS 


NORMAL 


FINDINGS 


Normal 


Normal 


Degenerative joint 


Phagocytic mono¬ 
nuclear cells 


f. 

di 


isease 


Rheumatoid arthritis 


Idiopathic immune- 
media ted nonerosive 


Feline chronic progres 


Systemic lupus erythe- 


Nondegene rati ve 
neu troph Us 


sive polyarthropathy 


pro- 


matosus 


polyarthritis 
Chronic inflammatory- 


Plasm acytioly m phocytic 
synovitis (after 
cruciate rupturej 


yarthropathy 


induced polyarthritis, SLE 


Chronic bacterial 


Acute bacteria! arthritis 


Chronic bacteria 


Degenerative 

neutrophils, 

# 


a rth ritis 


Rickettsial or spirochete 
polyarthritis 


arthritis 


organisms 


Additional diagnostics include culture, serologic testing, and biopsy. 
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and renal systems, resulting in possible gastrointestinal ul¬ 
ceration and renal toxicity (Fig. 35-1}. 

The NSAIDs approved for use in dogs include carprofen, 
etodolac, and meclofenamic add (Table 35-3). Aspirin in¬ 
hibits net proteoglycan synthesis in normal articular cartilage. 

It is commonly used in dogs, but owners should be warned of 
possible side effects related to gastrointestinal toxicity. Con¬ 
current administration of misoprostol may provide protec¬ 
tion against aspirin-induced gastric lesions ( fable 35-4). 
Phenylbutazone may be used in dogs but can cause bone mar¬ 
row depression and gastrointestinal toxicity (see Table 35-3). 


degenerative joint disease, the advantages of increased muscle 

activity and joint support appear to outweigh the disadvan¬ 
tages. The antiinflammatory effects of these drugs provide ad¬ 
ditional benefits in animals with degenerative joint disease by 
reducing the synovitis associated with this disease. 

Corticosteroids 

Corticosteroids effectively reduce synovial inflammation by 
inhibiting the activity of phospholipase A (see Fig. 35-1), 
which reduces the production of both cycloaxengenases and 
lipoxygenases. Corticosteroids may also protect the cartilage 
matrix by reducing metalloproteinase activity; however, they 
depress chondrocyte metabolism and alter the matrix com¬ 
position by diminishing proteoglycan and collagen synthe¬ 
sis. Because of the adverse systemic effects of long-term cor¬ 
ticosteroid administration and the drugs' deleterious effects 
on cartilage, they are seldom indicated for treatment of car¬ 
tilage injury or degenerative joint disease. Corticosteroids 
often are used to treat inflammatory non infectious 
arthropathies. When used long term, dosages should be 
titrated to the smallest amount that achieves an effect and, if 
possible, administered every other day to prevent suppres¬ 
sion of the hypo thalamic-pituitary-ad renal axis. 

Slow-Acting Disease-Modifying 
Osteoarthritis Agents 

Alternative therapies for managing osteoarthritis focus on 
administering chon drop rot ective agents to slow the pro¬ 
cess of cartilage degradation and promote the synthesis of 


NOTE * Any NSAID con be dangerous in dogs, 
but some (e.g., naproxen, ibuprofenj are especially 
dangerous. Avoid using them! 


Car profen and piroxicam are two NSAIDs that do not ap¬ 
pear to have negative effects on proteoglycan synthesis (John¬ 
ston, Rudsberg, 1997). Because higher concentrations of drug 
penetrate damaged cartilage, antiinflammatory drugs exert a 
greater effect in osteoarthritic joints than in normal joints. 
The combination of aspirin and limb immobilization further 
reduces matrix proteoglycan content and synthesis. However, 
salicylates and other NSAIDs act as analgesics and antiinflam¬ 
matory agents to reduce pain and encourage joint motion. 
The beneficial effect of reducing inflammation offsets the neg¬ 
ative influence on proteoglycan synthesis. Although increased 
motion may be deleterious to healing cartilage in dogs with 
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phospholipases 
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Glucocorticoids 


De letion of 
and release of 


phospholipids 
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FIG 35-1 

Method of action of glucocorticoids and nonsteroidal antiinflammatory drugs in inhibiting 
the pathways of inflammation. 
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ically induced synovitis in dogs (Canapp et al., 1999) and in 
dogs with cranial cruciate disease (Hulse, 1998]. 

Pentosan polysulfate, isolated from beech wood hemi cellu¬ 
lose, appears to provide protection against cartilage damage. 
At a dosage of 3 mg/kg given subcutaneously once a week, it 
was effective at relieving clinical signs associated with chronic 
osteoarthritis in 


(fj TABLE 35-3 


Antiinflammatory Drugs for Treatment ot Degenerative 
Joint Disease tn Dogs 


Aspirin 

25 mg/kg (1 regulor strength aspirin per 25 pounds of 

weight, not to exceed 3 tablets per dose) PO with 
, bid or tid 


dogs (Read, Cullis-Hill, Jones, 1996). Al¬ 
though not derived from animal sources, the compound prc 
serves proteoglycan content and stimulates HA synthesis 
Pentosan polysulfate may also increase bleeding times. 


Doay 

Food, 


Buffered Aspirin (Ascriptin) 


25 mg/kg PO with food, bid or tid 


Antibiotics 

Antibiotics should be administered for infectious arthritis 
(see p. 1037) and prophylactically for surgical procedures. In 
general, antibiotics should be selected for treatment ot bac¬ 
terial septic arthritis on the basis of identification of the or¬ 
ganism and its sensitivity to the antibiotic. Broad-spectrum, 
bactericidal antibiotics should be administered until the re¬ 
sults of culture and sensitivity testing are obtained and then 
ad justed as necessary. If bacterial i,-forms are suspected, the 
antibiotic of choice is tetracycline (22 mg/kg given orally 
twice a day) or doxvcycline (5 to 10 mg/kg given orally twice 
day). Chloramphenicol and erythromycin might also be ef¬ 
fective. Antibiotics are administered tor 4 to 6 weeks or for at 
least 2 weeks after cessation of clinical signs, 1 

Antibiotics are administered prophylactically to prevent 
surgical infections, especially in joint replacement procedures, 
but they are not a substitute for aseptic technique, A broad- 
spectrum, bactericidal antibiotic such as cefazolin 
given intravenously) cs administered after an intravenous line 
lias been placed and anesthesia induced. This dose can be re¬ 
peated every 2 to 3 hours during surgery Antibiotics can be 
discontinued after surgery, or they may be continued until 
culture results are obtained. If the culture results are negative, 
the antibiotics should be discontinued; if the results are posi¬ 
tive, the antibiotics may be continued or may be changed ac- 
co rd i n g to tb e resu It s of s u seept ibil ity testi ng, I 


Phenylbutazone (Butazolidin) 

15 mg/kg PO, bid or tid, not to exceed 800 mg/day 

Medofenamic Acid (Arquel) 

1.1 mg/kg PO std after eating, for 5 days, then decrease 
dose 

Etodolac (Etogesic) 

10-15 mg/kg PO, sid 

Carprofen (Rimadyl) 

2.2 mg/kg PO, bid 


a 


day; sid, once a day. 


id, fwice a day; tid, three times 


PO, Oral; 


TABLE 35-4 


(22 mg/k 


Protectant against NSAID-Induced 
Gastrointestinal Erosion 


Misoprostol (Cytotec) 

Dogs: 2-5 pg/kg PO, tid or qid 


PO, Oral; tid, three times a day; qid, four times a day 


cartilage matrix. Compounds such as polysulfated gly- 
cosaminoglycans (PSGAGs) and hyaluronic acid (HA) en¬ 
hance macromolecuiar synthesis by chondrocytes and 
hyaluron synthesis by synoviocytes, inhibit degradafive en¬ 
zymes or inflammatory mediators, and remove or prevent 
the formation of fibrin, thrombi, or plaques in synovia or 
subchondral blood vessels. Although there are anecdotal re¬ 
ports of positive results with both PSGAGs and HA, no con¬ 
trolled studies have been performed to establish the efficacy 
and safety of hyaluronic acid in dogs* Although PSGAGs ap- 

dogs, it does have a heparin-like 


SURGICAL TREATMENT 


See indiv idual joints for specific surgical procedures. 


SURGICAL ANATOMY 


The synovial joints permit motion while providing stabil¬ 
ity for load transfer between bones (Table 35-5). Synovial 
joint cavities are surrounded by joint capsules made up of 
an outer layer of fibrous connective tissue lined with a syn¬ 
ovial membrane. Nerves, blood vessels, and lymphatic ves- 

1 oca ted between the synovial membranes and the 
fibrous capsules* Synovial fluid is formed as a dialysate of 
plasma from the rich vascular supply of synovial mem¬ 
branes. This fluid filters through the vascular endothelium 
and synovial interstitium to lubricate the joint and provide 
nutrition for the articular cartilage. The synovial mem¬ 
brane is composed of synovial A, and B cells and dendritic 
cells. Mucoproteins, such as hyaluronic add, are added to 
the fluid by synovial B cells; synovial A cells limction as 
phagocytes and secrete interleukin-1 and prostaglandin E. 


to be safe for use in 


pears 

activity' and can increase bleeding times. 

Oral chondroprotective supplements, such as Glycol!ex 
and Cosequin, are reported to provide supraphysiologic 
amounts of glucosamine and chondroitin sulfate to the joints 

precursors lor the synthesis of hyaline cartilage ma¬ 
trix* These compounds appear to be safe and to cross the 

gastrointestinal-blood barrier intact when administered orally, 
and they may modify the painful clinical signs of osteoarthri¬ 
tis. Although mostly anecdotal, evidence as to efficacy is avail¬ 
able, Cosequin provided a protective effect both against chein¬ 


to act as 
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Supporting 

ligaments 


M\ TABLE 35-5 


cartilage 


Joint Classification 


Fibrous Joints 

Syndesmosis (e.g., temporohyofd pints) 

Sutures (e.g., skull) 

Gomphosis (e g,, tooth sockets) 

Cartilaginous Joints 

Hyaline cartilage or synchondrosis (growth plates) 

'iorocartilage or amphiarthrosis (e.g,, mandibular 
symphysis) 

Synovial Joints 

Articular hyaline cartilage (e.g., shoulder joint) 


Joint 

cavity 


IL 


K5 


Menisci 


membrane 


Fibrous 

joint 

capsule 




The articulating joint surfaces are covered with 
of a dense, white connective tissue, usually hyaline carti¬ 
lage, This articular cartilage facilitates the gliding motion 
of the joint, distributes mechanical loads, and prevents or 
minimizes injury to underlying subchondral bone. Some 
synodal joints (e g., the stifle joint) also have intraarticular 
ligaments, menisci, and fat pads that further facilitate joint 
function and stress reduction during weight bearing (Fig, 
35-2), External joint support is provided by surrounding 

ligamen ts a n d te n do n s. 

Loss of joint stability occurs after ligament rupture (Le„ 
raptured cranial cruciate ligament) or secondary to develop¬ 
mental or anatomic abnormalities, such as canine hip dys¬ 
plasia, Abnormal joint motion places abnormal physiologic 
loads on portions of the articular cartilage. These loads can 
cause the cartilage matrix to fracture or fissure, disrupting 
the collagen fibril network and causing cell death. The tissue 
response to cartilage loss is similar to that which occurs dur- 
ing healing of cartilage defects (see p. 1031), Subchondral 
bone sclerosis, osteophyte formation, periarticular soft tissue 
fibrosis, and synovial membrane inflammation are all defin¬ 
itive signs of degenerative joint disease, and all 

logic responses to joint instability. 

Hyaline cartilage is a dense, white connective tissue made 
up of chondrocytes (10%) dispersed within an extracellular 
matrix (90%). Seventy percent of the articular cartilages 
weight is fluid. Because articular cartilage is avascular and de¬ 
void of nerve endings, it relies on synovial fluid for nutrition, 
i bondrocytes produce matrix and are most numerous and ac¬ 
tive during cartilage formation; their numbers and metabolic 
activity decline with age. The noncellular matrix is composed 
of collagen, proteoglycans, and noncoilagenous proteins. Col¬ 
lagen fibrils embedded in the matrix form a supporting scaf¬ 
fold for cartilage. Proteoglycans are primarily glycosam inogly- 
can chains (e .g., ch o n dro i ti n sulfa te, ke ra tin sulfate, hya I u ro n i c 
aid) that repel each other and help to give form to the carti¬ 
lage. Interaction between chondrocytes and matrix is facili¬ 
tated by the presence of noncol!agenous proteins. This macro- 
mokeular conglomerate serves to organize and hold water in 
the extracellular matrix of articular cartilage. 


1 to 5 mm 


FIG 35-2 

Structure of a synovial joint. 


Adult articular cartilage is categorized into four distinct 
based on cellular morphology and spatial arrange- 

has a thin, cell-free matrix that 


zones 

ment. The superficial zone 
provides the gliding surface of articular cartilage. Deep to 
this layer are thin, elongated chondrocytes oriented parallel 
to the articular surface. This transitional zone is wider than 


the superficial zone and is made of spherical chondrocytes 
and matrix with large collagen fibrils. The deep zone is the 

and contains small chondrocytes that are 


largest zone 

arranged in short columns perpendicular to the joint sur¬ 
face. The deep zone has the highest proteoglycan content 
and the least water of the cartilage zones. The zone of calci¬ 
fied cartilage is separated from the preceding zones by the 
“tidemark,” which is visible when articular cartilage is 
stained with hematoxylin and eosin. The zone of calcified 
cartilage anchors cartilage to subchondral bone (Fig. 35 
Articular cartilage functions as a gliding surface to facili¬ 
tate joint movement and as a shock absorber to buffer forces 
applied to long hones during locomotion. The dynamic fluid 
mechanics of cartilage provide these capabilities. Fluid 
movement through cartilage plays a fundamental role in 
(1) augmenting transport of nutrients into and waste prod¬ 
ucts out of cartilage, (2) controlling cartilage deformation, 
and (3) lubricating joint surfaces during exudation and im¬ 
bibition of fluid associated with cartilage deformation dur¬ 
ing weight bearing. Interstitial fluid containing water, 
metabolites, and small proteins is filtered from synovial fluid 
and absorbed into the cartilage matrix. This fluid nourishes 
cartilage cells and adds bulk and resilience to the 
the cartilage deforms with weight bearing, some of this fluid 
is extruded into the joint, carrying waste products and lu¬ 
bricating joint surfaces. When the load is removed and the 
cartilage expands, interstitial fluid is resorbed by the matrix. 
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structure of adult articu ar carti age. 
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Principles of Arthroscopy 

Endosocopically assisted joint surgery (arthroscopy) has 
been the standard in human and equine orthopedics tor the 

decades. Excellent visualization, minimal joint 
„ shorter operative time, and low patient morbidity 

positive aspects of arthroscopy. However, the 
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are all cited as 

advantages of arthroscopy are achieved only with appropri¬ 
ate selection of arthroscopic equipment and continued prac¬ 
tice, When choosing arthroscopic equipment, the quality ot 
visualization the instrument provides is of primary impor 
tance. Visualization depends on the optical system and 
flow through the joint The optical system encompasses 
the arthroscope, light source, and camera. Fluid flow re¬ 
quires establishment and maintenance of ingress and egress 
(inflow/outflow) portals and administration of fluid by 

tluid pump system. Successful arthroscopic 








































, B J 






































111 * 










'Jy 
















I 








■ 




■ 


■ 




■ 


FIG 35-4 

A 2,7-mm arthroscope and camera. The arthroscope sheam 

nd associated trocars are also shown 








(cannula) a 
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- 


lages of the smaller arthroscopes (in particular the 1.9-nfll 
arthroscope) are their fragility and their smaller field oi 

view. Larger diameter arthroscopes are 

of their resistance to bending and have a larger field ,t 

view. However, the advantages of a larger arthroscope must 
be weighed against the risk of increased joint trauma in 

small canine joints. 

The lens angle is the foreoblique angle 
axis of the telescope and the center of the viewing range 
lens angles used in arthroscopy are 0 degrees, 30 degrees,and 
70 degrees. A 30-degree foreoblique arthroscope is the most 
common type used in canine arthroscopy. Working length 

refers to the overall length of the arthroscope 
designated as short or long. Short arthroscopes have a work¬ 
ing length of approximately 8,5 

have a working length of approximately 13 cm. Both short 
and long arthroscopes have 




gravity or with a 
surgery also requires small, high-quality hand instruments 

and occasionally special motorized instrumentation 

dinfrequency thermal unit. 

An arthroscope is composed of an inner series of lenses 

or camera and 




more durable be- 






cause 


or a ra- 


















for transmission of an image to an eyepiece 
an outer series of high-quality fiberoptics tor light transmis 

commonly described by three meas- 

: diameter, lens angle, and working length. The 




between the long 


si on. Arthroscopes are 
urements: 

arthroscope diameter is the outer diameter ot the tubular 
portion of the arthroscope without the accompanying 
nula. The diameters of arthroscopes commonly used i 
nine arthroscopy range from 1.9 to 4 mm (Fig. 35-4). 

The advantages of using smaller arthroscopes in canine 

minimization of joint trauma and greater mobility 

the elbow and tarsus). The di sad van- 
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cm, and long arthroscopy 
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joints are 
in smaller joints (i.e 


uses in small animal orthope- 
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dies. Short arthroscopes have the advantage of ease of han¬ 
dling in smaller joints such as the elbow; longer ai throscopes 
| have the advantage of greater depth of focus compared 

diameter short arthroscope. In general, 
arthroscopy of the shoulder and stifle joint is performed 
with a 2.7-mm arthroscope and arthroscopy of the elbow 
and tarsus with a 1.9-mm arthroscope. The external end of 
| the scope includes an attachment source tor the camera, 

light so urce post, a n d cannu la i n terlock. 

The arthroscope is inserted into the joint through a can¬ 
nula (arthroscope sheath). The cannula is slightly larger than 
Jl the arthroscope and permits fluid to flow 
I through a space between the arthroscope and the inner wall 
| of the cannula. The far end of the cannula is beveled to the 
angle of the arthroscope to protect the arthroscope and ah 

I low foreoblique 

has an interlock mechanism tor connecting to the arthro- 
[ scope and a post tor attachment of a fluid line. Cannulas are 
jl designed to match a specific arthroscope and generally 

not interchangeable. The cannula and arthroscope interlocks 
must be compatible, and the length and diameter of the can¬ 
nula must be appropriate tor the arthroscope. Because can¬ 
nulas are specifically designed for their accompanying 
arthroscope, there are few options in their selection; 
ever, manufacturers scII can n u 1 a diameter variations that af- 
fect ingress fluid flow. A high-tlow v cannula, or sheath, is 
available from some manufacturers for smaller diameter 


with the same 
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visualization. The near end of the cannula 


FIG 35-5 


Camera and control box used in arthroscopy. 


T- 


arthroscopes. Be aware that the diameter of the cannula and 
arthroscope together is the important dimension, because 

For example, using a small- 

diameter arthroscope (2.4 mm) with a high-flow cannula 
(3,2 mm) would negate the advantages of the smaller arthro¬ 
scope in a joint such as the elbow'. 

The image horn the arthroscope is projected onto a televi- 

of a digital camera system (Fig. 
composed of a control unit and 


both 


FIG 35-6 


Light source used for arthroscopy. 


lamps. Xenon bulbs provide greater light 
intensity and higher color temperature than halogen or tung¬ 
sten bulbs. As such, xenon provides higher visual clarity and 
color rendition. Xenon light sources are more expensive than 
tungsten or halogen but are generally recommended tor su¬ 
perior image quality. Most light sources include automatic 
intensity control through feedback from the camera video 
output system. This feature is important lor maintaining ap¬ 
propriate image intensity throughout an arthroscopic proce¬ 
dure. Lamp wattage may vary from 175 to 250, depending on 
the manufacturer, and lamps may last up to a year or longer, 

usage. Newer units may provide lamp-hour 


sources use xenon 


sio 1 1 screen by means 
33-5). The camera system is 
a camera head. The head includes a digital chip tha t converts 

the arthroscopic image to a digital 
eras do not have the same quality of resolution as cameras 
with more digital chips. However, the cost of camera systems 
varies primarily with the number ol digital chips and camera 
functions. The digital arthroscopic image is projected onto a 
standard color monitor. Most monitors sold in the medical 


signal Single-chip cam- 


h 


im 


of 


field are of extremely high quality. These monitors may be 
purchased independently or as part of an entire arthroscopy 
package. Monitors for arthroscopy should have a high hori¬ 
zontal resolution of at least 450 lines, and the tube size should 


depending on 
displays, and it is important 
case of burn out during a procedure. The light cable is com¬ 
posed of numerous fiberoptic lines that may be broken if the 
cable is bent or wound too tightly. The fiberoptic cable also 
heats up significantly and should never be placed dire 
against the patient because it may cause burning. 

Optimum visualization is possible only with appropriate 

fluid flow through the joint as examination and treatment 

requires establishment and main- 


of 


to have spare lamps on hand in 


in 


be 33 cm or larger. Most monitors have S-VH5 sockets that 

• jk Ji 

allow high-quality video recording. Documentation ot 
arthroscopic procedures provides a permanent visual re¬ 
fer client and professional communication. Applica¬ 


nt 


Tie 


source 

ble mediums for arthroscopic documentation include analog 
or digital video and analog or digital still image capture. 

provide illumination within the joint for vi¬ 
sualization, The light source is composed of a light source 
box and fiberoptic light cable (Fig. 33-6).. 1 he light source 
box contains the bulb and intensity regulators. Light source 
bulbs may be tungsten, halogen, or xenon. Most newer light 


md 


ost 


gth 


are conducted. Fluid 
tenance of ingress and egress (inflow/outflow) portals and 
administration of fluid assisted by gravity or a fluid pump 
system. Gravity flow refers to administration directly from a 
fluid bag to the cannula through an administration set. The 
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shaver handpieces and shaver blades are appropriate tor the 
elbow, shoulder, and hip. Large shaver handpieces and 
shaver blades are mostly used in the knee because of the 
need to debride the fat pad. Most shavers permit variation of 
speed and direction, including forward, reverse, and oscilla¬ 
tion, A large variety of shaver blades are available that are de¬ 
signed for removal of either soft or hard tissue. 

Electrocautery and radiofrequency are used to generate heat 
for cauterizing vessels, deb riding tissues, or shrinking colla¬ 
gen, Electrosurgical tips specifically designed for arthroscopic 
application are available for use with standard electrocautery 
generators. These instruments may be used for cautery of 
small vessels, and special tips are designed for cutting soft tis¬ 
sues, Radiofrequency devices transfer energy by using elec¬ 
tromagnetics to produce molecular friction in the intracellu¬ 
lar and extracellular environment. Monopolar units generate 
an alternating current that runs from the tip of the probe to 
the tissue surface. Heat is generated in the tissues because of 
the higher resistance of the tissues. Bipolar units create an arc 
of energy through the arthroscopic fluid that can be directed 
through tissues. Radiofrequency probes were introduced only 
recently into veterinary arthroscopy and orthopedics; how- 

several useful applications have been identified. In the 

combination with 


by placing the fluid bag 


rate of gravity flow may be increased 

in a pressure bag system. The ad vantages of gravity flow are 
the relative simplicity of the system, low cost, and safety 
against overpressurization. In addition, it 
additional space and is low maintenance, A disadvantage of 
gravity flow systems is the less than optimum ability to reg¬ 
ulate (increase) fluid flow compared with fluid pump sys¬ 
tems, Most fluid pumps permit selection of both the fluid 
flow rate and the fluid pressure rate. Some are “pressure pri¬ 
ority,” meaning that the selected pressure in the joint is 
maintained, and when the pressure drops below this level, 
the fluid is pumped in at ihe selected flow rate. 

Hand instruments for small joint arthroscopy must com¬ 
bine small diameter with excellent mechanics to provide ac¬ 
curacy while minimizing iatrogenic trauma and instrument 
failure. Basic recommended arthroscopic hand instruments 
include probes, grasping forceps, and biting forceps. Probes 
usually are right angle design with a tip approximately 1 to 3 
mm long; I hey are used to inspect intraarticuiar surfaces and 

(Fig, 35-7). Grasping forceps are used to hold tissue for 
removal or manipulation (Fig, 35-8), Those designed for 
arthroscopic use have an enclosed operating mechanism that 
prevents interference between the jaws and the surrounding 
cannula. Graspers vary in size and length, and their selection 
depends on the joint undergoing surgery and the surgeons 
preference. Smaller diameter grasping forceps have distinct 
advantages in surgery on small animal joints; however, these 
instruments can be bent or broken inside the joint, and the 
smaller mechanism results in less grasping power. Standard 
narrow alligator forceps do not have a locking mechanism 
but work well in most cases. Small-diameter curettes (Fig. 
35-9), arthroscopy knives, and hand bum are very useful in 
small joint arthroscopy for elevating bone fragments and 
debriding cartilage and bone. In most cases a small (5-0) 
surgical curette works, although the large-diameter shaft 
limits its use to portals without a cannula. Smaller diameter 
(2,5-mm) arthroscopic curettes are available that may tit 
through larger cannulas. 

Powe r sha vers a re d e si gn ed to d e b r i d e tissues rapidly and 
are generally referred to by the size of the handpiece. Small 


not require 


ever, 

stifle joint, radiofrequency is used in 
power shavers to rapidly 


pad to permit evalu- 


FIG 35*8 


Grasping forceps used to remove tissue during arthroscopy. 


FIG 35-9 


FIG 35*7 


Currette and hand burr used to remove tissue during 


Probes are useful hand instruments for small joint 


arthroscopy. 


arthroscopy. 
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of synovial membranes. With reversible damage, chondro¬ 
cytes may replace the lost matrix components once the insult 
is removed. However, irreversible damage may occur. Lacer¬ 
ations or abrasions of the cartilage surface destroy chondro¬ 
cytes and disrupt the matrix. With superficial lacerations 
(those that do not penetrate to subchondral bone), a stan¬ 
dard inflammatory response does not occur because inflam¬ 
matory cells from marrow and blood vessels cannot gain ac¬ 
cess to the joint (Fig, 35-11, A). Chondrocytes near the 
injury respond by proliferating and synthesizing new ma¬ 
trix; however, this response usually is inadequate to heal the 
injury. Although superficial lacerations do not appear to 
heal, they seldom progress. When a full thickness cartilage 
defect occurs, marrow cells capable of participating in an 
inflammatory response gain access to the defect (Fig. 
35-11, B ), The size of the defect affects healing; small defects 
(1 mm in diameter) heal more completely than large defects. 
The defect initially is filled with a fibrin clot, which is re¬ 
placed within 5 days by fibroblast-like cells and collagen 
fibers. After 2 weeks, metaplasia of these fibroblast-like cells 
into chondrocytes occurs. These chondrocytes do not func¬ 
tion normally, as is indicated by lower concentrations of 
proteoglycans in the reparative tissue at 6 months after in¬ 
jury. The reparative tissue is also thinner than articular car¬ 
tilage and is prone to fibrillation and erosive changes. 


ation of the joint. The radiofrequency probes have also been 
used to perform partial meniscectomy and to debride or re¬ 
move damaged cranial cruciate ligaments. 


SURGICAL TECHNIQUES 

Synovial Fluid Collection 


Joint taps to obtain synovial fluid are an essential technique 
for obtaining information to differentiate arthropathies. Se¬ 
dation is helpful, especially if the animal is fractious (see 
p 847}. The equipment needed includes sterile gloves, 
25-gauge needles, 22-gauge I'A-inch needles (for shoulder, 

larger dogs), 3-inch needles (for 


elbow, and stifle joints in 


small amount of 


the hip joint), and 3-ml syringes. Only a 
fluid is needed to determine the viscosity, estimated cell 
count, differential cell count, and culture. 


NOTE * The hip joint can be very difficult to tap; if 
no joints are swollen, tap the carpus or stifle (or 

both). 


Synovial fluid aspirates commonly show no bacterial 
growth when cultured directly on blood agar plates. More re¬ 
liable results are obtained if the synovial fluid sample is incu¬ 
bated for 24 hours in blood culture medium before culturing 
onto blood agar plates. Select the joint 
swollen for initial taps. Clip the appropriate area over the joint 
and prepare the site for an aseptic procedure (Fig. 35-10). 


or joints that are 


Joint Stabilization 


traumatic joint 


In animals with acute joint instability (i.e 
luxations, acute cruciate ligament injuries), joint stabiliza¬ 
tion that recreates normal anatomical relationships and per¬ 
mits normal joint function promotes cartilage repair if irre¬ 
versible damage is not present and if cartilage was normal 
before injury. Dogs with cranial cruciate ligament injuries 
are often presented for treatment after initial changes lead¬ 
ing to degenerative joint disease have occurred. In addition, 


ate Ian dm arks , Ins erf a n eedle a t- 


Use a gioved hand to palp 
tacked to a syringe into the joint Apply gentle suction to the 
syringe. After the fluid ho s been collected, release the nega¬ 
tive pressure on the syringe and 
blood appeors in the syringe, withdraw the syringe 
ately; contamination with blood can alter cell counts . If only 

are obtained (common in small dogs 


Itbdraw the needle, if 


WI 


I m m edi 


most surgical techniques for treatment of ruptured cranial 


few drops of fluid 


cruciate ligament injury do not restore normal anatomical 


slide and ex- 


orrd 1 cats), spray the material directly onto 


relationships or allow normal joint function. Therefore 


/he fluid drops 


amine it cytologically. Estimate viscosity os 
from rfie needle to the slide. Normal joint fluid is viscous and 


many animals develop progressive degenerative joint disease 


forms o long string . Place a drop of fluid on o slide and 

for an estimated complete cell count and a 


t re a t mei l1 


mate a smear 


Joint Immobilization 


ceN count Culture fluid for bacterial and my- 


differential 


Prolonged immobilization of synovial joints causes pragres- 


topJo s mo growth , 


rive proteoglycan loss and depression of proteoglycan synthe¬ 


sis, which leads to softening of the cartilage. When limited ac- 


NOTE * If you have very small amounts of fluid, 
you can spray it onto a slide for cytologic evaluation 
and fhen rinse the syringe with bacteria! culture 

and place the fluid in a blood culture vial 


tivity is allowed, cartilage is restored; however, forced activity 


after immobility may further damage softened cartilage. Rigi 


that obtained with a transarticular 


joint immobilization (i. 


med 1 u m 


external fixator) results in more severe cartilage degeneration 


for culture. 


w ith a ca st). 


than does less rigid immobilization (i.e 


Continuous Passive Motion 


HEALING OF CARTILAGE DEFECTS 


AND RESPONSE OF CARTILAGE 


Experimentally, early motion and weight bearing arc beneh 


TO TREATMENT 


cial for repair of full thickness cartilage defects. Continuous 


passive motion also appears to accelerate repair of full thick 


Loss of proteoglycans from matrix occurs with infection, in¬ 


cartilage defects, which results in repair tissue that more 


and joint immobilization; when cartilage is ex 


flamnia tic n 


n e ss 


closely approximates hyaline cartilage 


as a result of traumatic disruption 


posed during surgery 


; or 
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FIG 35-10 Synovial fluid collection; recommended sites For arthrocenfesis En dogs and 
cats. A, Corpus; Partly flex the joint. Palpate and enter the craniomedial aspect of the 

pal space. B, Hock (anterior approach): Palpate the space 

©lateral surface of the hock; insert the 


r« 


treat 

mus 

redu 

Pass] 

cons 


between the tibia and tibiotarsai bane on the crani 

needle in the shallow palpable space. C, Hock [lateral approach): Partly flex the joint and 
insert the needle under the lateral malleolus of the fibula. D, 5/bow: Insert the needle just 
medial to the lateral epicondylar ridge, proximal to the olecranon process. Advance parallel 
e olecranon process into the olecranon fossa. E, Shoulder (lateral approach): Insert the 
needle just distal to the acromion process and direct it medial to the greater tubercle and 
ventral to the supraglenoid tubercle of the scapula, F, Shoulder (cranial approach): Insert the 
needle just medial to the greater tubercle and ventral to the supraglenoid tubercle of the 
scapula. Q, Stifle: Insert the needle just lateral to the straight patellar ligament and distal to 
the patella, H, Coxofemoral joint: Abduct and medially rotate the limb. Insert the needle 
dorsal to the greater trochanter and angle ventrally and caudaIly. 
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6 months 


12 months 


FIG 35-1 1 


Healing of superficial (A) and deep (B} lacerations of articular cartilage. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


the joint, helps strengthen supporting muscles to protect the 
joint Exercise should be avoided when the animal shows 
signs of acute inflammation and should be limited to pre¬ 
vent discomfort. The effects of a physical rehabilitation pro¬ 
gram can be measured in terms of increases in muscle cir¬ 
cumference, joint range of motion documented with 
goniometer, and exercise endurance. 


Both medical and surgical management of animals with 
joint diseases must incorporate nutritional management, 
physical therapy, and rehabilitation. 


a 


Nutritional Management 

Nutritional management is important both in modifying 
developmental skeletal diseases, such as hip dysplasia and 
osteochondrosis, and in managing dogs with osteoarthritis. 

Essentially, 

growing dogs and adult dogs with osteoarthritis is an aid in 
managing joint diseases. Nutrient excesses are risk factors in 
the development of skeletal abnormalities in fast-growing, 
large-breed dogs. Weight control can help reduce abnormal 

on joints and can prevent or delay the onset of 
symptomatic disease in the predisposed patient or help alle¬ 
viate symptoms in affected patients. 

Physical Rehabilitation 

Physical rehabilitation is an important component of the 
treatment of joint diseases. Physical rehabilitation increases 
muscle strength and endurance and joint range of motion, 
reduces muscle spasm and pain, and improves performance. 
Passive physical manipulation, heat, and cold are important 
considerations in the rehabilitation of joint injuries (see 
Chapter 33, p. 840 ). Supervised, regular short exercise peri¬ 
ods of walking or swimming, when the animal is no longer 
showing signs of inflammation or after surgery to stabilize 


SELECTED NONSURGICAL DISEASES 
OF JOINTS 


avoiding excessive 


nutrition and obesity in both 


DEGENERATIVE JOINT DISEASE 


Degenerative joint disease (DJD), or osteoarthritis, is a non¬ 
inflammatory, noiunfectious degeneration of articular carti¬ 
lage accompanied by bone formation at the synovial mar¬ 
gins and by fibrosis of periarticular soft tissues. Although 
classified as noninflammatory, a low-grade, ongoing inflam¬ 
matory process is associated with DJD. Degenerative joint 
disease may be classified as primary or secondary, depending 
on the etiology. Primary DfD is a disorder of aging in which 
cartilage degeneration occurs for unknown reasons. Sec- 
ondary DjD occurs in response to abnormalities that cause 
joint instability (e.g., cranial cruciate ligament rupture) or 
abnormal loading of articular cartilage (i.e., developmental 
or anatomic abnormalities such as hip dysplasia), or in re¬ 
sponse to other recognizable joint disease (e.g., infection, 
immune-mediated inflammation). Secondary DID is more 
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such as hip dysplasia, often appear as unilateral lameness if 
one joint is more severely affected than another. Acutely af¬ 
fected joints may he swollen because of joint effusion, but 
swelling is more commonly caused by periarticular fibrosis 
in chronic disease. Reduced range of motion, palpable crepi¬ 
tus during motion, and joint instability are common, faint 
palpation may elicit pain. 

The severity of radiographically detected changes dc- 
pends on chronidty. Radiographic signs observed include 
subchondral bone sclerosis, articular and periarticular os¬ 
teophyte formation* joint space narrowing* joint effusion, 
and greater prominence of periarticular soft tissues (Fig. 
35-12). Laboratory abnormalities associated with svstemk 

* I s t 

disease are seldom present. Rheumatoid factor, SLE prepara¬ 
tions, and antinuclear antibody (ANA) test results usually 
are normal. Synovial fluid analysis may reveal decreased syn¬ 
ovial fluid viscosity, increased synovial fluid volumes, anti 
increased numbers of mononuclear phagocytic cells (6000 
to 9000 white blood cells per micro liter [WBCs/pJ]). 

Because DJD in small animals usually develops secondary 

to other orthopedic problems, the underlying problem 
should be corrected if possible. Surgical therapy plus med¬ 
ical. treatment often is necessary to reduce or eliminate din- 
ical signs. However, correction of the inciting problem,al¬ 
though necessary to reestablish function, does not usually 
eliminate degenerative changes that are already present anJ 
may not prevent progression of degenerative changes. Cu 


common than primary DJD in dogs and cats (Table 35-6). 
Abnormal joint motion increases the physiologic loads 
placed on some portions of normal articular cartilage* initi¬ 
ating molecular changes that lead to DJD. Normal stress on 
abnormal cartilage (i.e., injured by genetic or metabolic car¬ 
tilage disorders, inflammation, or immune responses) can 
initiate the same changes. Initially fibrillation of the superfi¬ 
cial cartilage layer results in roughening of the articular sur¬ 
face and eventually fissures reaching the subchondral bone. 
The release of free cartilage fragments can initiate an in¬ 
flammatory response from the synovium, releasing inflam¬ 
matory mediators such as cytokines and prostaglandins. 
Cartilage degradation results from altered chondrocytes, de¬ 
pletion of proteoglycans from the matrix, and damage to the 
collagen fibril network. Collagen breakdown is induced by 
cytokines (i.e., interleukin 1 [IL-1J) and tumor necrosis fac¬ 
tor | INF)) and by upregulation of the release of destructive 
enzymes (i.e., matrix met alio pro teases (MMPs) and aggre- 

canase) fro m cb o n d rocytes, synovi o cytes * and infla m mato r y 
cells. The affected cartilage is more susceptible to breakdown 
from the loads of weight bearing. The result is a vicious cy¬ 
cle of inflammation and cartilage destruction. Articular fib¬ 
rillation, cartilage loss, subchondral bone sclerosis, osteo¬ 
phyte formation* periarticular soft tissue fibrosis, and 
synovia! membrane inflammation resulting in pain and loss 
of function are observed in joints affected with DJD. 

Conditions associated with DJD include joint fractures* 
osteochondritis dissecans* congenital or chronic joint luxa¬ 
tions, inflammatory joint disease, septic arthritis, and neu¬ 
ropathies. Other causes in the forelimbs include fragmented 
coronoid processes, ununited anconeal processes, and pre¬ 
mature physeal closure. In the rear limbs* hip dysplasia, 
aseptic necrosis of the femoral head, patella luxation, and 
cruciate ligament rupture may also cause DJD. The signal- 
ment varies, depending on the underlying etiology precipi¬ 
tating the disease. The presenting clinical sign of DJD is 
lameness* which may be acute or chronic and persistent or 
intermittent. Unilateral lameness usually is evident when the 
affected animal stands or ambulates. Bilateral conditions. 
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TABLE 35-6 


Important Considerations in Degenerative Joint Disease 


• In most instances of degenerative joint disease (DJD) in 
dogs, a primary joint problem (e.g., hip dysplasia, 
fragmented coronoid process, or ruptured cruciate liga 
menf) wets the inciting cause. The underlying disease 
must be diagnosed and treated appropriately, 

* DJD is usually progressive, regardless of treatment. 

* The diagnosis of DJD is based 

tion, but treatment is based on clinical signs. 

• Medical management of DJD includes weight control, 
exercise or physical therapy to maintain joint mobility 
and muscle mass* rest during acute clinical signs, and 
medication. 


FIG 35-12 


A, Lateral radiograph of a dog with degenerative joint 
disease. Note the periarticular osteophytes along the 
trochlear ridges (arrow) and patella ‘{arrowhead}* 
effusion is causing displacement of the fat pad and caudc 
distension of the joint capsule. B, On a cranrocaudal view, 

are evident off the 
distal to the medial 
fabella. Increased prominence of periarticular soft tissue* 
can be seen medially and laterally. ■ 


on radiographic evalua- 


, Joint 


periarticular osteophytes (arrowheads) 
lateral aspect of the tibial plateau and 
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ulceration caused by some NS A IDs in patients that have 
problems despite these precautions* Gastric mucosal sensi¬ 
tivity to aspirin may be manifested by anorexia, vomiting, 
diarrhea, anemia, dyspnea, or melena. It any of these signs 
are noted, aspirin use should be modified or discontinued to 
prevent gastric ulceration. However, severe ulceration can 
occur in animals without obvious clinical signs. 

Phenylbutazone (Butazolidin) is an analgesic, antiinflam¬ 
matory drug that may be used in dogs with DJD (see Table 
33-3)* Chronic administration of phenylbutazone may cause 
bone marrow depression (he., aplastic anemia, thrombocy¬ 
topenia), especially in cats, and gastrointestinal perforation. 
Animals receiving this drug tor longer than 2 weeks should 
be carefully monitored* Medofenamic add (Arquel) is an 
NS AID that has been effective in the treatment of DJD in 
dogs. Acute diarrhea may be noted in a small percentage of 
dogs. When this occurs, medofenamic acid should be dis¬ 
continued and the diarrhea managed with intestinal protec¬ 
tor a n ts a nd food withd rawa 1 to r 24 h o u rs * 

Corticosteroids have antiinflammatory effects on joint 
tissues. They have been shown to depress chondrocyte me¬ 
tabolism and alter cartilage matrix, which results in de¬ 
creased proteoglycan and collagen synthesis (see p* 1025). 
Because of this and the adverse systemic effects of long-term 
corticosteroid administration, they should be used in ani¬ 
mals with DJD only as a last resort. If they are used, they 
should be administered infrequently, and the animal should 
be restricted from exercising for several weeks after treat¬ 
ment to protect the cartilage. 


rection of the primary problem is not possible, or indicated, 

animals. Many animals with radiographic signs of 


in some 

DJD are asymptomatic, and these animals may or may not 
develop lameness as they age* Owners should be apprised of 
the animal’s condition; however, they should be reassured 
lb at the animal may function normally with minimal 
treatment. In many cases inflammatory synovitis is respon¬ 
sible for clinical signs of pain and lameness associated with 
DID. Because exercise exacerbates and prolongs this inflam¬ 
mation, cage confinement for 2 to 3 days plus judicious use 
of antiinflammatory drugs may be necessary to break the cy¬ 
cle and return the animal to controlled levels of activity. 


or no 


NOTE * Do not treat asymptomatic dogs just be- 

they have radiographic signs of DJD. 


cause 


Many dogs showing clinical signs of DJD are obese. Obe¬ 
sity may be a causative or an inciting factor in the develop¬ 
ment of DJD, or it may be a response to chronic pain. Dogs 
that are reluctant to exercise may gain weight it food intake 
is not regulated. Weight loss or weight control for a dog with 
DID should he stressed to the owners* Weight loss can be as¬ 
sociated with diminished pain and increased function in an¬ 
imals with chronic DJD. Once the inflammatory phase of the 
disease is under control moderate regular exercise (not se¬ 
vere enough to cause lameness) is important to maintain 
joint mobility, muscle strength, and joint support. Swim¬ 
ming appears to maintain muscle strength without increas¬ 
ing joint lo ads. 

KSAIDs often are used to reduce joint inflammation as¬ 
sociated with DJD and to provide pain relief. Because their 
analgesic effects may encourage premature limb use 
fnement should be recommended during acute exacerba¬ 
tions of clinical signs. Aspirin helps reduce synovial inflam¬ 
mation and provides some pain relief (see Table 35-3). It is 
tbe initial drug of choice in dogs with DJD because it is ef¬ 
fective and inexpensive, has few side effects, and is readily 
available. Garprofen is effective for relieving pain associated 

with DID and has a direct effect on chondrocyte metabolism 
without causing gastrointestinal side effects* However, hepa¬ 
tocellular toxicosis resulting in vomiting, in appetence, and 
icterus has been reported, especially in Labrador retrievers. 
Therefore dogs treated with carprofen should be monitored 
for clinical and biochemical signs (MacPhail et ak, 1998)* 
Elololac is well tolerated by dogs and is effective in relieving 
pain and improving limb function. Many other NS A IDs are 
available for human use. Extrapolating dosages from other 
species may be dangerous, because the drug may not be tol¬ 
erated by dogs or cats. Side effects oi NSAIDs include dam¬ 
age to the gastrointestinal tract and reduction of the 
domerular filtration rate. Administering the drug with food 
and using Ascriptin (a buffered aspirin combination of as- 
pirin with an aluminum-magnesium antacid) can help pre¬ 
vent erosion and ulceration. Misoprostol (see Table 35-4) 
also be used to help prevent gastrointestinal erosion and 


NOTE ■ Always counsel owners about the side ef¬ 
fects of NSAIDs and steroids. These drugs should not 
be given together* 


con- 


Surgical treatment of the underlying disease may be indi¬ 
cated to control signs of DJD (e.g., stabilization of stifles 
with cranial cruciate ligament ruptures). Removal of dam¬ 
aged tissue (e.g., torn menisci) may be necessary to control 
signs of DJD in stifles with ruptured cranial cruciate liga¬ 
ments. Associated severe synovitis may require a total syn¬ 
ovectomy to help break the inflammatory cycle. Uncontrol¬ 
lable pain and loss of limb function associated with DJD 

surgical intervention. Several surgical procedures 
available to salvage limb function. Arthroplasty tech¬ 
niques, such as femoral head and neck ostectomy (see 
1100) and glenoid cavity resection (see p. 1061) have been 
described in veterinary patients. After resection of bone and 
interposition of soft tissues over the cut surface, a fibrous tis¬ 
sue joint, or pseudoarthrosis, is allowed to form. Function 
varies after these procedures. Although the joint mechanics 
are not normal, In many cases limb function is satisfactory. 
Replacement of an arthritic joint with a prosthesis offers 
improved chances for normal limb function and superior 
pain relief. Currently, total hip replacement is the only joint 
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replacement routinely available in small animal patients. 
Arthrodesis (surgical fusion of the joint) can relieve pain 
and allow good function of the limb when used to treat 
carpal instability. Amputation is a salvage procedure that 
should be considered only in selected patients: those that are 
non-weight-bearing and have unilateral disease causing un¬ 
relent i n g pa i n that has been unrespon s ive t o o ther lb era pies. 
Most animals with DJD can function sufficiently to serve as 
household pets if given appropriate medical and surgical 
therapy. I lowever, the prognosis is inversely related to owner 
expectations. Affected animals usually cannot function as 
competitive athletes, and complete recovery, without recur¬ 
rence of clinical signs, is unusual. 


TABLE 35-7 


Clinical Signs of Septic Arthritis 


Acute 

Single-limb lameness 

Severe lameness, may carry the limb 

Joint swollen, painful, and warm 

Chronic 

Single-limb lameness or multiple-limb lameness with 
subacute endocarditis 
Weight-bearing lameness 

Joint swelling 


SEPTIC (BACTERIAL) ARTHRITIS 


weight-bearing on the affected limb. The affected joint may 
be swollen, painful, warm, and crepitate; may drain purulent 
material; and may have reduced range of motion. Systemic 
signs (pyrexia, lethargy, and anorexia) are seen in a small 
percentage of animals with septic arthritis. With low-grade, 
chronic infections, the signs may be more subtle (Le., only 
lameness and joint swelling). Dogs with septic arthritis 
caused by bacterial endocarditis typically have multiple joint 
involvement, lameness, pyrexia, lethargy, anorexia, or car¬ 
diac murmurs, or all of these. 

Early radiographic signs of septic arthritis are joint effu¬ 
sion and soft tissue swelling. Later changes include bone ly¬ 
sis, periosteal new bone formation, joint surface irregulari¬ 
ties, subchondral bone sclerosis, and joint subluxation Tig 
35-13). Echocardiography demonstrating valvular lesions 
helps confirm a diagnosis of bacterial endocarditis even in 
dogs without heart murmurs. Complete blood counts may 
indicate an inflammatory response in acute stages of septic 
arthritis. Chronic disease is essentially walled off within the 
joint and is seldom associated with significant changes in he¬ 
mograms or scrum biochemistry profiles. Joint fluid ob¬ 
tained by means of arfhrocentesis may provide a definitive 
diagnosis. Purulent joint fluid with an increased number of 
polymorphonuclear leukocytes (40,000 cel Is/pi to more 
than 100,000 cells/pi), especially if they are degenerating, 
and bacteria is indicative of a septic arthritis. However, p 
tic joints do not always contain degenerative neutrophils. 
Positive bacterial culture and sensitivity results confirm the 
diagnosis and allow appropriate antibiotic selection. The re¬ 
sults of bacterial culture of synovial fluid from septic joints 
vary, but positive results can be facilitated by securing w sam¬ 
ple before antibiotics are administered and using enrich¬ 
ment broth to facilitate bacterial growth from synovial fluid. 
Bacterial culture of surgically retrieved synovial samples 
may be necessary to identify bacterial agents. Blood and 
urine cultures sometimes “grow " the organism or organisms 
when joint fluid does not. 


Septic arthritis (infective arthritis, suppurative arthritis) is an 
infection of joints caused by bacterial organisms. It may be 
initiated by hematogenous spread of infection from respira¬ 
tory, digestive, urinary, umbilical, or valvular infections, More 
often septic arthritis is caused by direct bacterial inoculation 
of joints from penetrating trauma, surgical procedures, or in- 
traarticular injections. Common organisms include staphylo¬ 
cocci, streptococci, Pastured a spp., Carynehacterium spp., 
Erysipelothix spp., and colifbrms. Bacterial contamination of 

synovium causes inflammation and promotes extravasation 
of fibrin, clotting factors, polymorphonuclear leukocytes, and 
proteinaceous serous fluid into the joint. Fibrin deposition on 
articular cartilage surfaces inhibits synovial fluid penetration. 
Leukocytes phagocytize bacteria and release lysosomal en¬ 
zymes that break down cartilage matrix and expose collagen 
fibrils to further enzymatic destruction. Enzymatic destruc¬ 
tion of the matrix and collagen fibrils, loss of normal synovial 
fluid nutrition, and mechanical trauma on diseased cartilage 
combine to cause eventual loss of the cartilaginous joint sur¬ 
face. Eventually the infective process invades subchondral 
bone, resulting in bacterial osteomyelitis. Ankylosis of the 
joint is the final outcome. 

The severity of the pathologic changes in affected joints 
depends on the chronicity of infection. Early changes in¬ 
clude hyperemia, edema, synovial inflammation, and a 
purulent-appearing joint fluid. Both hyperplasia and hyper¬ 
trophy of synovial cells occur. Cartilage fibrillation and 
granulation tissue production within the joint soon ensue, 
and eventually loss of articular cartilage occurs. The articu¬ 
lar surface fills with granulation and fibrous tissue and, fi¬ 
nally, these tissues calcify, causing the joint to ankylose. The 
diagnosis of septic arthritis is made on the basis of synovial 
fluid analysis, radiographic changes, and positive results on 
bacterial culture (see Table 35-2). 

Animals with septic arthritis after joint inoculation usu¬ 
ally show a marked unilateral lameness (Table 35-7). The 
onset of clinical signs may be acute or gradual. Penetrating 
wounds, surgical intervention, or joint injection often are 
historical findings. Dogs with septic arthritis from sep¬ 
ticemia (e.g„ bacterial endocarditis) have multiple limb in¬ 
volvement and no history of joint intervention. Animals 
with acute onset of signs often are severely lame or non- 
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NOTE * Bacterial endocarditis may occur in dogs 
that do not have heart murmurs. Be sure to perform 
echocardiograms in these animals. 
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FIG 35-13 

Radiograph of a coxofemoral joint with septic arthritis. There is extensive periosteal new 
bone Formation along the right ilial body and medial aspect of the right acetabulum and 
ischium. The subchondral margins of the right acetabulum and femoral head are irregular 

and difficult to identify., (From Olmstead ML: 5ma/i animal orthopedics , St. Louis, 1995, 
Mo s by*) 


Other infectious agents that cause arthropathies (e* 

spirochetes, rickettsiae, fungi, 

be cultured by routine techniques, mycoplasmas, and proto¬ 
zoa) must be differentiated from bacterial causes. Noninfec- 
tious causes of arthropathy, including DJD, also must be dif¬ 
ferentiated from infectious causes. Samples of joint fluid and 
synovium for bacterial culture and sensitivity testing should 
be obtained to identify causative organisms and determine 
the appropriate antibiotic therapy* Broad-spedrum antibi¬ 
otics (Le, s arapirillin, amoxicillin plus ciavulanic acid, or 
cephalosporins; 

istered immediately after samples for culture are obtained, 
and antibiotic therapy should be adjusted as necessary once 
the results of microbial sensitivity tests are obtained. If bac¬ 
teria! L-forms are considered a likely cause, tetracycline or 
doxycydine is the drug of choice (Table 35-8). Antibiotics 
i; rc a dmimste red fo r 4 to 6 weeks a n d for a t leas t 2 w ee k s a fl¬ 
ier clinical signs have resolved. 

The goal of surgical treatment is to control infections 
rapidly and remove purulent material and fibrin from joints 
id minimize cartilage destruction. Immediate joint explo¬ 
ration, including debridement of fibrin and granulation tis¬ 
sue and sterile saline lavage, is indicated for postoperative 
joint infections, septic joints for which treatment was de¬ 
layed for 72 hours or longer, joints that have not responded 
to 72 hours of appropriate medical therapy and penetrating 
joint wounds* Surgery is not indicated in dogs with inflam¬ 
matory joint disease that has occurred secondary to bacter- 
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Treatment of Septic Arthritis and Rickettsial Polyarthritis 


c 


ie 


Doxycycline (Vibramycin) 




10 mg/kg PO, sid 


>- 


Tetracycline (Panmycin, Achromycin) 


, r e 


of 


22 mg/kg PO, bid 


re 


Chloramphenicol (Chloromycetin) 


Table 33-7 on p* 827) should be admin- 




50 mg/kg PO, tid (Warning lo owners: Do not eat or 
drink while handling this product. Do not touch eyes 


P" 


Is. 


Wash hands after use 


he 


Enrofloxacin 


e- 


3 mg/kg PO or IV, sid 


its 


n- 


day; tid, three times a day; 


PO, Oral; sid, 


a day; hid, twice 


once 


a 


h 


IV, intravenous. 


id* 


ial endocarditis. General anesthesia is recommended for ex¬ 
ploration of the joint and placement of ingress-egress 
drains. After arthrotomy and joint lavage, a system of ingress 
and egress drains can be installed so that joint lavage can be 
performed two or three times daily. As an alternative, the 
joint incision can be left open for daily lavage. Lavage fluid 
should consist of saline or a balanced electrolyte solution, 
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fever, edema, hyperemia). Radiographic 


infection (e.g 

changes indicating rickettsial polyarthritis include joint effu¬ 
sion and periarticular soft tissue swelling. The surfaces nf 
bones and cartilage usually appear normal. Thrombocytope¬ 
nia often is present, and joint fluid analysis usually reveals an 
increase in the number of nondegenerate polymerphonu- 


either of which has minimal effects on joint tissues. 
Povidone-iodine at a concentration of 0.1% has minimal ad¬ 
verse effects on synovium. However, stronger concentrations 
of povidone-iodine and chlorhexidine cause a chemical syn- 
ovitls and sho uI d be avoided. 


clear leukocytes. 

Treatment of rickettsial polyarthritis usually involves ad¬ 
ministration of doxycydme, tetracycline, or chlorampheni¬ 
col for 3 weeks (see Table 35-8). Enrofloxacin is effective for 
RMSF (see Table 35-8). Limiting exposure to ticks by using 
airidde sprays and removing ticks daily from dogs is impor¬ 
tant in preventing future infections. Surgical therapy is not 
indicated for rickettsial polyarthritis. The prognosis for dop 
with Rocky Mountain spotted fever varies, depending on the 
clinical signs. Animals treated early in the disease process 
usually have a better prognosis. Dogs with RMSF that are 
not treated until late in the disease may develop generalized 
central nervous system signs, uveitis, necrosis of affected tis- 

and chronic, progressive polyarthritis. Dogs treated for 


NOTE • Acute septic arthritis is a surgical emer¬ 
gency. 


Postoperative care for animals with septic arthritis con¬ 
sists of oral antibiotics, daily wound management until joint 
drainage is no longer purulent, and passive range of motion. 
Oral antibiotics should be continued for 4 to 6 weeks. The 
limb can be protected in a bandage or splint for 4 weeks to al¬ 
low the cartilage to heal before the stress of full weight bear¬ 
ing. The animal can be slowly returned to normal activity af¬ 
ter the bandage is removed. The prognosis for normal joint 
function varies and depends on the amount of cartilage that 
has been destroyed. In a recent report of 19 dogs with bacte¬ 
rial septic arthritis, most dogs responded well to treatment 
and were free of signs of septic arthritis at follow-up 
(Marchevsky, Read, 1999). Salvage procedures for chronically 
painful joints include arthrodesis or amputation (see 
1177). The prognosis forani mals with bacterial endoca rd i- 
tis is poor if there is impending cardiac failure secondary to 
valvular dysfunction, especially aortic valvular insufficiency. 


t 


sues, 

Ehrlichia infections generally respond well to appropriate 


medical therapy. 


LYME DISEASE 


t 


Polyarthritis can also be caused by tick-borne spirochetes 
(spiral bacteria) such as Borretia burgdorferi, which causes 
Lyme disease, B, burgdorferi infection should be suspected in 
dogs with transient or recurrent arthritis if they have been 
exposed to ticks or live in areas where ticks are endemic. The 
disease can be transmitted by larval, nymphal, and adult 
Ixodes dam mini ticks. Several hours of feeding are necessary 
for the tick to transmit the spirochete. Septicemia then oc¬ 
curs, allowing spread of the spirochete to target organs. Anv 
dog that has the potential for cont act with vectors of the dis¬ 
may be infected; however, joint signs may occur months 
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RICKETTSIAL POLYARTHRITIS 


et 


Rickettsia 


Polyarthritis may be caused by rickettsiae (e.g 
rickettsii or Ehrlichia spp.), which usually are transmitted by 
arthropods. R> rickettsii , the causative agent of Rocky Moun¬ 
tain spotted fever (RMSF), is transmitted by ticks of the Der - 
macentor genus and is endemic in wooded areas of the cen¬ 
tral and eastern United States. Ehrlichia earns has been 


« 


Tr 


ease 

after exposure. There is currently little evidence that cats de¬ 
velop diseases from these agents, The history for dogs with 
Lyme disease can include transient lameness of one or more 
limbs. Although clinical disease may be transient, the patho¬ 
logic joint condition may be progressive. Clinical signs may 
be intermittent, with animals appearing normal between 
acute exacerbations; episodes may include multiple-limb 
lameness, fever, lymph adenopathy, and anorexia. Glomeru¬ 
lonephritis, renal tubular damage, or cardiac abnormalities 
(atrioventricular block and myocarditis) may occur in 


observed in much of the United States but especially in the 
southeastern portions. Rocky Mountain spotted fever often 
has an acute onset of symptoms, including multiple-limb 
tameness, joint pain, fever, petechial hemorrhages, lym- 
phadenopathy, neurologic signs, facial edema, and edema o! 
the extremities. Clinical signs associated with ehrlichiosis 
may be acute or chronic and include fever, anorexia, iym- 
phadenopathy, weight loss, lameness, joint pain, petechia- 
tion, and neurologic signs. 

Diagnosis of rickettsial polyarthritis is based on serologic 
testing for the causative agent and on finding other evidence 
of the disease during historical, physical, and clinicopatho- 
logic evaluation. Titers to the causative agents may not in¬ 
crease for 2 to 3 weeks after exposure. Paired samples often 
are necessary for the diagnosis of RMSF. Any titer to 
Ehrlichia organisms is significant; however, there are varying 
degrees of cross-reactivity between different species of 
Ehrlichia species, therefore a negative result for E earns does 
not guarantee that Ehrlichia nsticii is not present. Poly¬ 
merase chain reaction (PGR) assays are now being used to 
diagnose different ehrlichia! strains. Acute RMSF may be 
seronegative, but dogs usually have other signs indicative of 
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chronically infected dogs. j 

Radiographs of the joints, abdomen, and thorax are nor¬ 
mal during the acute phase of Lyme disease. The synovia! 
fluid from affected joints is less viscous and contains an in¬ 
creased number of nondegenerate neutrophils compared 
with normal synovial fluid. Phase-contrast or dark-field mi* 
croscopy may allow visualization of organisms in synovial 
fluid. Attempts to culture R burgdorferi from synovial fluid 
usually are unsuccessful Synovial biopsy typically shows in¬ 
vasion of the synovial lining with plasmacytes and lympho* 

sure to E burgdorferi can be demonstrated with 
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NONEROSIVE IDIOPATHIC 
IMMUNE-MEDIATED POLYARTHRITIS 


fluorescent antibody (1A) or enzyme-linked immunosor¬ 
bent assay (ELISA) procedures. However, this disease is 
greatly overdiagnosed, because positive titers do not diag¬ 
nose active infection; they may simply reflect previous expo¬ 
sure. An extremely high titer or dramatic increase in a con¬ 
valescent titer, coupled with clinical signs and a response to 
antibiotic therapy, suggests a diagnosis of Lyme bo r r e i ios is; 
however, it is very difficult to definitely diagnose borreliosis. 
Differential diagnoses include other inflammatory, nonero- 
sive, and erosive arthropathies (c.g M septic arthritis, rheuma¬ 
toid arthritis, D]D), 


Idiopathic nonerosive inflammatory arthropathies have no 
identifiable cause and are diagnosed by ruling out all other 
causes of polyarthritis: septic arthritis, rickettsial arthritis, 
rheumatoid arthritis, other inflammatory nonerosive poly- 
arthropathies, and DID, The term canine idiopathic poly¬ 
arthritis is sometimes used for this condition. The cause is 
unknown but presumed to be rooted in immune complex 
formation* The synovium is thickened, congested, and ede¬ 
matous and may contain fibrin deposits. Cartilage and bone 
are relatively unaffected; however, superficial fibrillation of 
the articular cartilage Is an occasional finding. 

The history of lameness in affected animals may be acute 
or chronic. Stiffness, difficulty rising, pyrexia 
and/or lethargy may be present. Although more than one 
joint usually is involved, single-limb lameness is common. 
Affected animals may have difficulty rising and walking. 
Joint palpation may reveal pain, effusion, or loss of range of 
motion. Cervical pain and vertebral hypersensitivity may re¬ 
flect intervertebral involvement. Other systemic abnormali¬ 
ties ( de rm at it is, glomer u 1 o nep h r i t is, u ve i t i s) mayo ecu r. 

Idiopathic immune-media ted nonerosive polyarthritis is di¬ 
agnosed by synovial fluid analysis and culture, by joint radi¬ 
ographs that do not show erosive or proliferative bone lesions, 
and by eliminating other known causes. A therapeutic trial of 
antibiotics sometimes is used to help eliminate occult infectious 
causes. Radiographs of affected joints usually reveal either no 
abnormalities or synovial fluid effusion and periarticular soft 
tissue swelling. Synovial fluid is thin and turbid, and the mucin 
dot test usually is normal. Nucleated cell counts are markedly 
elevated with predominately nondegenerate neutrophils. Most 
dogs test negative for or have insignificant titers of antinuclear 
antibody (ANA) and rheumatoid factor. Synovial biopsy usu¬ 
ally reveals hypertrophy of the synovial lining plus polymor¬ 
phonuclear or mononuclear cell infiltration. Microbial organ¬ 
isms are not observed, and bacterial cultures are negative. 

Glucocorticoids are the initial treatment of choice (Table 
35-10), The dosage should be titrated to the lowest amount 


NOTE • Positive serologic findings reflect exposure 
to the organism, not necessarily active infection. 


a n o rexia , 


Doxycycline generally is effective for treating Lyme dis¬ 
ease (Table 35-9), Tetracycline, amoxicillin, cephalosporin, 
azithromycin, ceftriaxone, and chloramphenicol also have 
been used (see Table 35-9). Surgery generally is not indi¬ 
cated; however, some animals with chronic Lyme disease and 
severe villous synovitis may benefit from subtotal syno¬ 
vectomy Dogs treated promptly for acute infections oi 
11, burgdorferi have an excellent prognosis. The prognosis tor 
dogs with chronic infections is uncertain. The spirochete ap¬ 
parently survives antibiotic treatment and the disease can be 
reactivated in immunosuppressed animals. Vaccination ap¬ 
pears effective for protecting dogs against Lyme disease in 
endem i e areas (L evy, Lissman, Ficke, 1993). 




I TABLE 35-9 


ireat merit of Lyme Disease 


Doxycycline (Vibramycin) 


10 mg/kg PO, sid 


Tetracycline (Panmycin, Achromycin] 


22 mg/kg PO, bid 






Amoxicillin 

22 mg/kg PO, bid 

CeFadroxil (Cefa-Tab) 

22 mg/kg PO, bid 

Chloramphenicol (Chloromycetin) 

50 mg/kg PO, trd (Warning to owners: Do not eat or 
drink while handling this product. Do not touch eyes. 
Wash hands after use.) 


TABLE 35-10 




Treatment of Idiopathic Immune-Media ted Polyarthritis 


s 


Prednisone 

2-4 mg/kg/day for 2 weeks; then 1 to 2 m 
2 weeks; if animal is clinically normal at 
synovial inflammation has subsided, reduce dosage to 
1 to 2 mg/kg every other day for 4 weeks 

Azathioprine (Imuran) 

Dogs: 2 mg/kg/day given orally for 2 to 3 weeks; then 

2 mg/kg every other day if clinical signs resolve 

Cyclophosphamide (Cytoxan) 

50 mg/m 2 ; give up to 4 consecutive days each week far 
up to 4 months 


i 


g/kg/day for 
this time and 


il 


d 




Azithromycin (Zithromax) 


i- 


10 mg/kg PO, bid for 5-7 days 


al 


d 


Ceftriaxone (Rocephin) 


1550 mg/kg !M or IV, bid 


r- 
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ih 


P G, Oral; sid, once a day; bid, twice a day; tid, three times a day; 
fM, intramuscular; IV, intravenous. 


3- 













1040 PART IV Orthopedics 


ovium. It often affects stifle joints, leading to cruciate liga¬ 
ment degeneration and rupture, joint instability, and DJD, 
The synovium is thickened, congested, and edematous and 
may contain fibrin deposits. Affected dogs generally have 
unilateral or bilateral rear limb lameness of either acute on- 
set or chronic duration. The presenting history is similar to 
that for cranial cruciate ligament rupture, and a cranial 
drawer sign usually is present once cruciate ligament rupture 
has occurred. The stifles generally are enlarged because of 
joint effusion and chronic periarticular soft tissue fibrosis. 
Suspect joints should be biopsied during surgery for cranial 
cruciate ligament rupture. 

Cruciate ligament rupture in 
lymphocytic synovitis must be differentiated from ruptures j 
associated with trauma (see p. 1110), Radiographs of the 5th 1 
lies reveal joint effusion and varying signs of DID, depend¬ 
ing on the ehronicity of the cranial cruciate ligament rup- I 
ture, A complete blood cell count and serum chemistry 
results usually are normal. The synovial fluid usually is thin I 
and turbid with an increased nucleated cell count composed 
primarily of lymphocytes and plasma cells. Synovial biopsy 
reveals villous hyperplasia and infiltration of the synovium 
and cruciate ligament with lymphocytes and plasfflacytes. I 
Surgical therapy to stabilize the cranial cruciate ligament I 
is indicated in these patients. Some animals may also benefit I 
from subtotal synovectomy. Medical treatment for plasma- I 
cytic-lymphocytic synovitis is the same as for idiopathic 
immune-mediated polyarthritis (see Table 35-10 ). The prog¬ 
nosis generally is good for achieving remission of clinical signs. I 


that prevents clinical signs; however, many animals require 
lifelong therapy. Cyclophosphamide or azathioprine can be 
administered if clinical signs persist despite prednisone ther¬ 
apy (see Table 35-10). These drugs can cause myelosuppres- 
sion, and a complete blood count (CBC) and platelet count 
i nit tally sho u Id b e rn o n i to re d ever y 2 we eks o r wh en ever the 
patient feds unwell. Cyclophosphamide may also cause ster¬ 
ile cystitis, and azathioprine may cause hepatopathy or pan¬ 
creatitis. Although the prognosis for achieving remission of 
clinical signs is good, adverse side effects associated with 
long-term corticosteroid therapy may develop. 


CHRONIC INFLAMMATORY-INDUCED 
POLYARTHRITIS 


dogs with plasmacytic- 


Nonerosive inflammatory polyarthritis may occur secondary 
to any chronic inflammatory disorder or to persistent anti¬ 
gen i c stimulus. Another disease (e.g., chronic infection, bac¬ 
terial endocarditis, gastroenteritis, ulcerative colitis, 
sia) or drug therapy (e.g„ sulfamethoxazole-trimethoprim or 
sulfadiazine-trimethoprim ) incites the formation of immune 
complexes, which mediates the arthritis. The synovium be¬ 
comes thickened, congested, and edematous and may contain 
fibrin deposits. Occasionally superficial fibrillation of articu¬ 
lar cartilage may be seen, but cartilage and bone usually are 
unaffected. Affected animals may have a history of either 
acute or chronic lameness, stiffness, difficulty rising, pyrexia, 
anorexia, and/or lethargy. Other clinical signs may be associ¬ 
ated with the inciting disease, loint palpation may elicit pain 
and detect effusion or diminished range of motion. 

It is crucial that this condition be differentiated from sep¬ 
tic arthritis, rheumatoid arthritis, idiopathic inflammatory 
nonerosive polyarthropathy, and DJD, because antiinflam¬ 
matory therapy in dogs with chronic infection can prove fa¬ 
tal. Chronic inflammatory-induced polyarthritis is diagnosed 
on the basts of the results of synovial fluid analysis plus iden¬ 
tification of the inciting disease. Radiographs of affected 
joints usually reveal either no abnormalities or synovial fluid 
effusion and periarticular soft tissue swelling. Thoracic and 
abdominal imaging should be done to look for the inciting 
disease. Synovtal fluid typically is thin and turbid, and the 
mucin clot test usually is normal. Nucleated cell counts are 
markedly elevated, and nondegenerate neutrophils are the 
predominate cell type. Most dogs do not have significant 
titers to ANA or rheumatoid factor. Synovial biopsy reveals 
hypertrophy of the synovial lining with polymorphonuclear 
or mononuclear cell infiltration. Despite chronic infection 

elsewhere in the body, the joints usually are sterile. 

Treatment should be directed at eliminating the underly¬ 
ing disease. Antibiotics, selected after culture and sensitivity 
testing, are indicated for infections. Glucocorticoids, admin¬ 
istered orally or by injection, may be given short term 
control the synovitis in severe cases. 
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SYSTEMIC LUPUS 

ERYTHEMATOSUS-INDUCED 

POLYARTHRITIS 


E 


rl 


Systemic lupus erythematosus (SLE) is a multisystemic dis¬ 
ease caused by autoantibodies against tissue protein and 
DNA. Circulating immune complexes of antigen and au¬ 
toantibodies pass through endothelial cell junctions and arc 
trapped in basement membranes, causing inflammation and 
eventual organ dysfunction. The synovium typically is thick¬ 
ened and discolored, but cartilage and bone are relatively 
unaffected. A definitive diagnosis of SLE is established it a 
patient has four or more of the following 11 criteria: ery¬ 
thema, discoid rash, photosensitivity, oral ulcers, arthritis, 
serositis, renal disorders, 

logic disorders, hematologic disorders (i.e., anemia, leukope- 
lymphopenia, or thrombocytopenia), immunologic dis¬ 
orders (antihistone, anti-SM, antitype I, or F cell subset:. 
in addition to significant liters of antinuclear antibodies 

(Chabanne et al., 1999). J 

This condition must be differentiated from rheumatoid 
arthritis, idiopathic inflammatory nonerosive polyarthropa¬ 
thy, septic arthritis, and DJD, Radiographs of affected joints 
usually reveal either no abnormalities or synovial fluid effu¬ 
sion and periarticular soft tissue swelling. The synovial Arid 
usually is thin and turbid, and the mucin dot test is normal. 
Nucleated cell counts are markedly elevated and composed 
predominately of non degenerate neutrophils. Lupus erythc 
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PLASMACYTIC-LYMPHOCYTIC SYNOVITIS 


Fla s macytic -1 ymph ocyt ic syn o v iti s (lymphop I as m a cyt i c 
synovitis) is an immune-mediated arthropathy associated 
with plasmacytic and lymphocytic infiltration of the syn- 
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he present. Soft tissue swelling and joint effusion may be ev¬ 
ident 


matosus (IE) cells are rarely present in the joint fluid. Anti¬ 
nuclear antibody test results should be strongly positive, 
and rheumatoid factor usually is normal. Synovial biopsy 
typically reveals hypertrophy and hyperplasia of the 

lining with an 
nuclear cells, macrophages, lymphocytes, and plasma cells. 

Immunofluorescent studies may show IgG- and IgM- 
producing plasma cells. Microbial organisms 
served histologically and bacterial cultures are negative. 
Glucocorticoids are the initial treatment ot choice for 


(Fig. 35-14). The synovial fluid often is yellow, turbid, 
and increased in volume. The mucin clot may be poor and 
friable. Nucleated cell counts are markedly elevated with 
predominately nondegenerate neutrophils. Between 20% 
and 70% of affected dogs show positive test results for 
rheumatoid factor; most show normal ANA levels (Meric, 
i 992). In the Rose-Waaler agglutination test tor rheumatoid 
factor, a differential titer of 1:8 and above is positive. (Note- 
appropriate controls must be run with sheep red blood 
cells.) In latex agglutination tests, agglutination denotes a 
positive test result at serum dilutions specified by the pro¬ 
ducer of the test. Synovial biopsy generally shows villous hy¬ 
pertrophy, proliferation of synovial cells, and lymphocyte 

and plasma 

demonstrate complexes of IgG or IgM in synovial lining 
cells, blood vessel walls, and extracellular tissues. Microbial 
organisms are not observed on histologic samples, and bac¬ 
teria! cultures are negative. 

Diagnosis of classical rheumatoid arthritis requires the 

of destructive lesions seen radiographically, a 


s yno vial 

inflammatory infiltrate of polymorpho- 


are not ob- 


SLE-induced polyarthritis (see Table 35-10). The drugs may 
be stopped in some cases because of long periods of remis- 

other cases they must be maintained for the an- 


sbn, but in 

imafs entire life. Cyclophosphamide or azathioprme can be 
administered to dogs with clinical signs that persist despite 
prednisone therapy. These drugs can cause mvelosuppres- 
sion; therefore, a complete blood cell count and platelet 

count should be monitored every 2 weeks initially Cy- 

a sterile cystitis, and aza- 


cell infiltration, lmmunufluorescent studies 




clophosphamide may also 
thioprine may cause hepatopathy or pancreatitis. An alter¬ 
native treatment of prednisone combined with levamisole 
(2 to 5 mg/kg to a maximum of 150 mg administered on al¬ 
ternate dates) has met with some success. The prednisone is 
progressively reduced and eliminated over I to 2 months. 
The levamisole is continued tor 4 months, the prognosis 
generally is good for control of the polyarthritis; however, 
abnormalities in other organs (e.g., glomerulonephritis) 


presence 

positive rheumatoid factor, characteristic histopathologic 
changes in the synovial membrane, and tour additional cri- 

Table 35-1L Rheumatoid arthritis usually is 


teria listed in 


t 


l 


c 


may progress, for resistant cases, newer immunosuppressive 
drugs (e. 


Leflunomidc, Mycopheiiolate) maybe tried. 
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RHEUMATOID ARTHRITIS 


joint disease (i.e 


Era si ve, n o n i nfectio us infla m mat or y 
rheumatoid arthritis) is characterized by chronic, bilaterally 
symmetric, erosive destruction of the joints. The etiology of 
rheumatoid arthritis is unknown, but it is considered an 


s- 


immune-mediated arthropathy The antigens 
host immunoglobulins (IgG and IgM), which are known as 

“rheumatoid factors." Resultant immune complexes 

inflammatory fe¬ 


n¬ 


ce 


are de¬ 


ad 


posited in the synovium, initiating 
sponse that is 

hypertrophy pan n us formation over the cartilage surface, 
cartilage and subchondral bone destruction, joint swelling, 
and rupture of the collateral ligaments. The outcome is a 
nonfunctional joint. The synovial membrane generally is 
discolored, edematous, congested, and thickened and may 
contain fibrin deposits, Pannus of granulation tissue origi¬ 
nates at the periphery of the joinl and covers portions of the 
articular cartilage, which may fibrillate and ulcerate. Most 
affected dogs have a history of stiffness after rest, limping 
difficulty walking. Joints are generally enlarged with periar¬ 
ticular soft tissue swelling and joint effusion. The distal 
joints (i.e., carpi and tarsi) may be unstable, with obvious 
deformity and angulation. 
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FIG 35-14 


Radiograph of the carpus of a dog with advanced 
abnormalities associated with rheumatoid arthritis. Note the 
erosion of subchondral bone and articular cartilage. Carpal 
instability, metacarpal-phalangeal luxation, and severe 

deformity of the digits are present. (From Olmstead ML: 

Smell animal orthopedicSj St. Louis, 1995, Mosby.) 
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suppressive drugs also inhibit body defenses against infec¬ 
tion and may delay bone healing. Rheumatoid arthritis is 
progressive, and dogs rarely, if ever, make a full recovery 
Lameness and stiffness usually persist despite treatment. 


M TABLE 35-1 1 


Characteristics of Rheumatoid Arthritis 


Stiffness after rest 
Pain in ot least one joint 
Swelling in at least one joint 
Swelling of at least one other joint within 3 months 

Symmetric joint swelling 

Subcutaneous nodules over bony prominences, or 
extensor surfaces or in juxtaarticular regions 

Destructive radiographic lesions 
Positive rheumatoid factor 
Poor mucin precipitate from synovia! fluid 
Characteristic histopathologic changes in the synovial 
membrane 

• Characteristic histopathologic changes in subcutaneous 
nodules 


FELINE CHRONIC PROGRESSIVE 
POLYARTHRITIS 


Feline chronic progressive polyarthritis is an immune- 
media ted disease of male cats and is associated with pro¬ 
gressive periosteal-proliferative and erosive polyarthritis, fe¬ 
male cats are seemingly unaffected. The etiology may involve 
exposure to the feline syncytium-forming virus (FeSFV) and 
feline leukemia virus (FeLV); however, the disease cannot be 
experimentally induced by these viruses. The periosteal- 
proliferative form of the disease results in osteoporosis and 
periostea! new bone formation around the joint. Peri articu¬ 
lar erosions and collapse of the joint space with fibrous 
ankylosis occur with time. The erosive form of the disease 
causes joint changes similar to those seen in canine rheuma¬ 
toid arthritis. The synovium is infiltrated with lymphocytes 
and plasma cells. Clinical signs include lameness, reluctance 
to move, depression, anorexia, weight loss, and occasionally, 
deformity of affected joints. Examination of the cat may re¬ 
veal pyrexia, depression, lymphadenopathy, and multiple- 
joint involvement. Joint palpation causes pain. The joints 
sometimes are swollen and may be deformed in animals 

with the erosive form of the disease. 

Differential diagnoses for this condition include septic 
arthritis, DID, and hypervitaminosis A. Changes noted on 
radiographs of affected joints include proliferative new bone 
formation on the periphery of the joints, generalized loss of 
density of the subchondral bone, and loss of the joint spaa. 
Radiolucent foci in the subchondral bone and irregular joint 
margins may also occur. Periarticular soft tissue swelling and 
joint effusion may be noted (Fig. 35-15). The results of tests 
for FeSFV and FeLV may be positive. Although only small 

amounts of synovial fluid can be obtained, it is thin with an 
increased nuclea ted ce11 count of predo in inately nondegen 
erate neutrophils. Bacterial and fungal cultures ol synovial 
fluid and synovial membrane are negative. 

Treatment involves immunosuppressive drugs and usu¬ 
ally begins with prednisone (Table 35-13), The cat often in¬ 
quires lifelong therapy. Other immunosuppressive drop 
such as cyclophosphamide or azathioprine may aid in 
long-term control; however, cats are very sensitive to Lh 
myelosoppressive effects of these drugs, and hematologic pa¬ 
rameters should be assessed frequently. Chlorambucil m p: 
be an alternative drug. The prognosis is good tor remission 
of signs but guarded for complete control of the distt* 
Other FeLV-related disorders may occur in cats that k 

pos hive. E 


rni TABLE 35-12 


Therapy of Rheumatoid Arthritis 


Prednisone 


2-4 mg/kg/day PO for 2 weeks; then 1-2 mg/kg/day 
PO for 2 weeks; then 1-2 mg/kg eod 


Azathioprine (Imuran] 

Dogs: 2 mg/kg/day PO for 2 fo 3 weeks; then 2 mg/kg 

eod If clinical signs resolve 

Cyclophosphamide (Cytoxan] 

50 mg/m 2 ; give up fa 4 consecutive days each week for 
up to 4 months 

Aurothioglucose (Gold Salts) 

1 mg/kg IM once a week for 1 0 weeks or until remission 
occurs 
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PO, Oral; eod, every other day; IM, intramuscular 




Trea t 


diagnosed when seven of the 11 criteria are present and joint 
signs have been present for at least 6 weeks. Subcutaneous 
nodules are rare in dogs, 

A combination of immunosuppressive drugs (pred¬ 
nisone, azathioprine or cyclophosphamide, gold salts) typi¬ 
cally is needed to achieve remission of clinical signs (Table 
35-12). Therapy usually is initiated with prednisone, and 
then additional immunosuppressive drugs (he., azathioprine 
or cyclophosphamide or both) are added. Cyclophos¬ 
phamide poses risks to the dog and the person administer¬ 
ing the drug. After each month of treatment, the dog should 
be reevaluated and the synovial fluid analyzed. After the first 
month, the dose of prednisone is reduced to I to 2 mg/kg 
every 48 hours, and the azathioprine or cyclophosphamide is 
continued. If inflammation persists, gold salts may be added 
to the therapy. Gold sails can be toxic, and hematologic val¬ 
ues should be monitored at least every 2 weeks. Joints that 
have lost all collateral ligament support may benefit from 
arthrodesis. However, the high concentrations of immune- 
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NOTE • If you lower the dose of medications too 
quickly in these patients, the signs often recur arc 
are more resistant to therapy. 
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FIG 35*1 5 

Radiograph of the tarsus of a cat with the periosteal- 
proliferative form of feline progressive arthritis. There is 
proliferative new bone formation on the periphery of the 
oints, generalized loss of density of subchondral bone, and 
oss of the joint space. Radiolucent foci are visible 
throughout the tarsal banes. [From Olmslead ML: Small 
animal orthopedics, St, Louis, 1995, Mosby.) 




I TABLE 35-13 


Treatment of Feline Chronic Progressive Polyarthritis 


Prednisone 

4 6 mg/kg/doy PO; if cat improves after 2 weeks; reduce 
dosage to 2 mg/kg/day; then place on maintenance 
therapy (D2 rng/kg eod*) 

Cyclophosphamide (Cytoxan) 

6.25-12,5 mg/cat PO, given up to 4 consecutive days of 
each week for up to 4 months 


■ 




TEMPOROMANDIBULAR JOINT 


k K 1 






TEMPOROMANDIBULAR 

JOINT LUXATION 


Axathioprine (Imuran) 


0.3 mg/kg PO, eod 


* Wa tc h 


DEFINITION 


neutropenia. 


r'Q, Oral; eod, every other day. 


Temporomandibular joint luxation results when the 
mandibular condyles separate from articular surfaces of the 
temporal bone and mandibular fossae. 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


illary molars and used as a fulcrum to distract the condyles 
distally while the rostral mandible and maxilla are squeezed 
together. The mandible is manipulated cranially or caudally 

to move the condyle 
dueed, it should be carefully palpated to determine its stabil¬ 
ity. Unstable joints can be supported with tape muzzles (see 
p, 903) or in ter arcade wiring (see p. 903) for 7 to 14 days un¬ 
til fibrosis occurs* If it is impossible to reduce the joint or to 
maintain joint reduction, open reduction and stabilization 
should be performed. 


Temporomandibular joint luxation occurs as a result of head 
trauma; however, luxation of this joint is uncommon be¬ 
cause it is protected by the heavy temporal muscles. Luxation 
may occur unilaterally or bilaterally and may be associated 
with mandibular fractures* Although mandibular condyles 
can displace cranial or caudal to the mandibular fossa, cran- 
iodorsal displacement is most common* 


\ 


SURGICAL TREATMENT 


DIAGNOSIS 

Clinical Presentation 

Signalmen^ The condition occurs in both dogs and 
ea ts * An i m al s o f eith e r ge n de r o r a ny age m ay b e a fifec l ed, 
History, The animal usually has a history of recent trauma* 

Physical Examination Findings 

Animals usually have an open mouth, which they appear re¬ 
luctant to dose. The direction of the luxation often can be de¬ 
termined by evaluating the jaw position, A unilateral cranio- 
dorsal luxation causes the mandible to shift toward the 
opposite side of the mouth, whereas a bilateral cranio dorsal 
luxation causes the entire mandible to protrude forward, and 
caudal condylar luxation causes the mandible to shift caudally 
and toward the side of the luxation. With the patient under 
anesthesia and before closed reduction, the mandible and 
maxilla should be thoroughly inspected for oral wounds, visi¬ 
ble fractures, and palpable crepitation of the caudal mandible. 
Radiographs are warranted when fracture is suspected. 

Radiography 

Definitive diagnosis is made from skull radiographs taken 
with the animal anesthetized or heavily sedated, hive radi¬ 
ographic views are standard for complete evaluation of the 
skull (see p. 902), The most reliable radiographic sign is an 
increase in joint space width; this finding usually is most ev¬ 
ident on a dor so ventral projection. Radiographs should be 
carefully assessed to determine if there are concurrent 
mandibular or maxillary fractures that warrant open reduc¬ 
tion and stabilization* 


4 


Reduction of a temporomandibular joint luxation should be 
attempted as soon as the animal can undergo general anes¬ 
thesia, Closed reduction (see above) frequently is successful 
and is the initial procedure of choice if concurrent fractures 
are not present; however, open reduction may be necessary .if 
the luxation is unstable after closed reduction. 
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Preoperative Management 

Animals should be evaluated for concurrent trauma and 
treated appropriately* Thoracic radiographs and electrocar¬ 
diograms are indicated in animals that have sustained 

trauma* 

Anesthesia 

General anesthesia is necessary for closed or open reduction 
of a temporomandibular luxation (see p. 824), Endotracheal 
tubes may interfere with closed reduction techniques and 
with evaluation of occlusion* The endotracheal tube can be 
temporar i 1 y re m ove d duri ng c lo sed red uc t ion proced ures or 

rerouted through a pharyngotomy incision for longer prou 

dures (see p. 909). i 

Surgical Anatomy 

See p, 908 for a description of the surgical anatomy of the 
mandible* Landmarks for approaching the temporo¬ 
mandibular joint are the ventral border of the zygomatic 
arch and the temporomandibular joint (palpated while the 
mandible is manipulated). The masseter muscle is efevatec 
off the zygomatic arch to expose the joint. The parotid due! 
and gland and facial nerve are located dorsal and superficial 
to the masseter muscle and should be avoided. The tem¬ 
poromandibular joint is composed of a mandibular condve. 
articular disk (meniscus), mandibular fossa of the temporal 
bone, mandibular ligament, and joint capsule. The articular * 
disk divides the joint into the dorsal (menisco tempo nil: and 
ventral (meniscomandibular) compartments. I 
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Laboratory Findings 

Specific laboratory abnormalities are not seen* Because this 
condition is caused by trauma, sufficient blood values 
should be obtained to evaluate the risk of anesthesia in af¬ 
fected animals* 


E Sgt 


be 


TEA 


JOi 


DIFFERENTIAL DIAGNOSIS 


Positioning 


Differential diagnoses include mandibular or maxillary frac¬ 
tures (see p, 901) and temporomandibular joint dysplasia 
(see p. 1045), which may show similar cl in ical signs. 


The patient is positioned in lateral recumbency for a uniiat- 

in ventral recumbency for bilateral ap- 
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proaches. 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


SURGICAL TECHNIQUE 


SYh 


Make a skin incision following the ventral harder of ffre coir 
dot zygom a tic a rch and cen te red over the femporomamhr 
lor joint . Be sure to avoid the parotid duct and gland end 


The luxation usually can be reduced without surgical inter¬ 
vention, but general anesthesia is required, A wooden dowel 
rod is placed transversely between the mandibular and max- 
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facia / nerve. Elevate the caudal pen osteal insertion of the 
masseter muscle from the zygomatic arch to expose the joint 
capsule. Incise the joint capsule and mandibular ligament to 
expose the articular surfaces. Irrigate the joint and 
any hone fragments or debris that may have interfered with 
reduction. Replace the mandibular condyle in the fossa. To 
hold the condyle in position , suture the joint capsule and 
Mandibular ligament. Suture the masseter muscle to the fas¬ 
cia on f/ie dorsal edge of the zygomatic arch. Close the 
platysma muscle and skin in separate layers . 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


s 
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Temporomandibular joint dysplasia is a disease of unknown 
etiology lhat affects young adult dogs. Deformation of the 
mandibular condyloid processes and mandibular fossa allow 
subluxation and recurrent locking of the mandible in an 
open-mouthed position. In some affected animals the 
mandibular fossae are shallow and the condyloid processes 
more obliquely situated than normal, and this combination 
allows joint subluxation, loint instability leads to osteo¬ 
arthrosis, pain, and locking of the jaw in an open position. 
Instability coupled with mandibular symphyseal laxity al¬ 
lows independent movement of the mandibles, which may 
result in malpositioning of co ro no id processes lateral to the 
zygomatic arch, further promoting open-mouth locking. 
Open-mouth locking occurs in some dogs without evidence 
of coronoid process malpositioning. 


rem o ve 


e 


o 


n 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


)C 


The joint capsule should be sutured with absorbable suture 
material (polydioxanone, po 1 yglyconate), A periosteal eleva¬ 
tor is needed to elevate the masseter muscle and expose the 
joint capsule. 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


DIAGNOSIS 

Clinical Presentation 

Signal men t« The syndrome of open-mouth locking 
caused hv coronoid process malpositioning has been 
ported in basset hounds, Irish setters, and a Saint Bernard. 
Pain and occasional open-mouth locking without malposi¬ 
tion of the coronoid process occur in retriever and boxer 
breeds (Bennett, Pry mack, 1986). Clinical signs usually 
first noted when the dogs are young adults. 

History. Owners usually describe repeated incidents of 
open-mouth locking after yawning. Usually the joints spon¬ 
taneously reduce, but owners occasionally seek veterinary 
care because manual reduction of the jaws is not possible. 
Some animals show pain on oral manipulation and 
luctant to eat. These animals have no history of trauma. 

Physical Examination Finding 

Animals are usually presented for treatment with the jaws 
locked in an open-mouth position. If the coronoid process i: 
locked outside the zygomatic arch, a bulge in the subcuta¬ 
neous tissues overlying the zygomatic arch on the affected 
side can be seen and palpated. Affected animals may show 
pain on palpation of the temporomandibular joint. 

Radiography 

A standard skull series with the mouth open and closed is 
used to evaluate the temporomandibular joints and the po¬ 
sition of the coronoid process. Changes consistent with tem¬ 
poromandibular joint dysplasia include increased or irregu¬ 
lar joint spaces on 

fossae, and secondary osteoarthritis. On ventral dorsal 
jeetions, the condyles may be more oblique than normal and 
the coronoid process may be positioned lateral to the 
matic arch when the mouth is open. 


Postoperative radiographs should be evaluated to document 
that the mandibular condyles are normally positioned. If the 
joints are stable, the animal should be allowed to eat only soft 
food tor 2 to 3 weeks. Unstable joints in dogs can be supported 
with a tape muzzle (see p. 903) for ! to 2 weeks; muzzles 
difficult to maintain on cats, and inter arcade wiring may be 
necessary ( see p. 903). Liquid diets should be fed to these ani¬ 
mals until the muzzle or interarcade wires arc removed; then, 
soft food is recommended for an additional 1 to 2 weeks. 
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NOTE * Consider interarcade wiring in cats if the 
pints appear unstable after reduction. 
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PROGNOSIS 


; he prognosis generally is good for normal function if the 
J luxation can be reduced and the joints made stable. Compli¬ 
cations include failure to reduce the joint, repeated luxation, 
I and joint arthrodesis. A mandibular condylectomy (see 
I p, 1047) is recommended tor joints that remain or become 
I unstable, painful, hbrotic, or stiff after surgery. 
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Egger EL; Skull and mandibular fractures. In Slatter D n editor: Text- 
book of small animal surgery, Philadelphia, 1993, WB Saunders. 
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mPOROMANDIB ULA R 
JOINT DYSPLASIA 


a lateral projection, shallow mandibular 
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DEFINITION 


zygo- 


ap- 


Temporomandibular joint dysplasia is a disease character¬ 
ed by locking of the jaws in an open position. 


SYNONYMS 


atf- 


NOTE • Compare the radiographs with those of 
normal skull if the diagnosis is in doubt. 


Open-mouth jaw locking, temporomandibular subluxation 
mgenital temporomandibular luxation or subluxation 
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SURGICAL TREATMENT 

Repeated episodes can occur, and definitive treatment in 
such animals requires either partial resection of the zygo¬ 
matic arch (if the corona id process locks outside the zygo¬ 
matic arch) or mandibular condylectomy (if displacement ot 
the coronoid process does not occur outside the zygomatic 
arch)* 

Preoperative Management 

These animals usually are young and healthy and require 
minimal preoperative care. 

Anesthesia 

A variety of anesthetic regimens can be used (see p. 824 ;, 


Laboratory Findings 

No specific laboratory abnormalities are seen* 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include traumatic luxation of the 
temporomandibular joint, mandibular fractures, and lodged 
oral foreign bodies. 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 




Manual reduction may be possible by opening the mouth 
widely and manipulating the mandible away from the locked 
side. If the dog resists this manipulation, general anesthesia 
m ay b e req u ire d * 
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FIG 35-16 


To expose the zygomatic arch, make an incision in the skin and subcutaneous tissues 
overlying the ventral border of the rostral portion of the zygomatic arch. Elevate the fascial 
attachments to the arch and resect the obstructing portion of the arch with a 
high-speed burn 


or 















Chapter 35 Diseases of the Joints 1047 


Surgical Anatomy 

See the description of the surgical anatomy of the mandible 
on p, 908, The surgical anatomy of the temporomandibular 
joint is described on p, 1044, 

Positioning 

The patient is positioned in lateral recumbency with the af¬ 
fected side up for resection of the zygomatic arch and for 
mandibular condylectomy 

SURGICAL TECHNIQUES 

Partial Resection of the Zygomatic Arch 

Make an incision in the skin and subcutaneous tissues over- 
lying the ventral border of the rostral portion of the zygomatic 
arch. Elevate the fascial attachments to the arch while pre¬ 
serving the dorsal buccal branch of the facial nerve. Open 
the mouth widely to induce coronoid process displacement in 
order to identify the portion of the arch that obstructs re* 
pfacemertf of the process , Resect the obstructing portion of the 


high-speed burr (Fig. 35-16). Before 


arch with a rongeur or 

closure , ensure that the coronoid process is positioned 
molly. Close the subcutaneous tissues and skin separately 


nor- 


Mandibular Condylectomy 

Make a s kin incision along the ventral border of the caudal 
zygomatic arch , centered over the temporomandibular joint 
Elevate the caudal periosteal insertion of the masseter mus- 
cle from the zygomatic arch to expose the joint capsule * 
Identify the joint by palpating it while an assistant moves the 

mandible , Incise the joint capsule between the meniscus and 
dyle and elevate the capsule. Identify the condylectomy 
site at the base of the condylar neck (at the level of the 

mandibular no 

tion of the condyle with o rongeur ; then make a cut along the 
osteotomy line w 

ing portion of the condyle with 

intact. Close the masseter fascia , subcutaneous tis- 


con 


tch) (Fig. 35-17). First f resect the lateral por- 


ith a high-speed burr Fracture the remain- 

an osteotome but leave the 


meniscus 

sues, and skin separately. 
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FIG 35-17 
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Exposing the temporomandibular 

joint, A and B, Make o skin 

incision along the ventral border of 
the caudal zygomatic arch, 
centered over the 
temporomandibular joint, 

C, Elevate the caudal periosteal 
insertion of the masseter muscle 
from the zygomatic arch to expose 
the joint capsule. Incise the joint 
capsule between the meniscus 
and the condyle ond elevate it, 

D, Identify the condylectomy site at 
the base of the condylar neck. 
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defect occupies half the area of the humeral head, The ab¬ 
normal cartilage may fissure and cause protrusion of a loose 

flap of ca 

pletely detach from the underlying bone and become lodged 
in the caudoventral joint pouch. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


r til age into the joint, or the cartilage may com- 


A rongeur or high-speed burr is necessary for removal of the 
zygomatic arch. The fascial attachments of the masseter 
muscle should be elevated with a periosteal elevator. Instru¬ 
ments that facilitate mandibular condylectomy include a pe¬ 
riosteal elevator and retractors. Rongeurs, high-speed burrs, 
and an osteotome and mallet are used to remove the 


NOTE * Osteochondrosis often is bilateral; radi 
ograph and evaluate both shoulders even if the ani¬ 
mal exhibits unilateral lameness. 


co n dy 1 e. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Osteochondrosis begins with a failure of endochondral 

or the articular epiphyseal | 


ossification in either the physis 
complex that is responsible for long-bone epiphyseal for- 

The etiology of OCD is unknown but considered to ] 
be multi factorial with management, genetic, and nutri¬ 
tional interactions occurring in young growing dogs. 
Risk factors for OCD include age, gender, breed (genetici, 
rapid growth, and nutrient excesses (primarily calcium) 
(Richardson, Zentek, 1998). Failure of endochondral ossifi¬ 
cation leads to cartilage thickeni ng. Because developing car¬ 
tilage is nourished initially by synovial fluid and bier by 
vascularization through subchondral bone, increased carti¬ 
lage thickness may result in malnourished, necrotic chon¬ 
drocytes. Loss of chondrocytes deep in the cartilage layer 
leads to formation of a cleft at the junction of calcified and 
noncalcified tissues. Subsequently, normal activity may lead 
to development of vertical fissures in the cartilage that even¬ 
tually communicate with the joint, forming a cartilage % 
(Fig. 35-18). This communication allows cartilage frag- 

and inflammatory mediators to reach the synovial 
fluid and induce joint inflammation and eventually perpet¬ 
uate the cycle of degenerative joint disease (see p. 1033), 
OCD does not apparently cause clinical signs until a loose 
cartilage flap forms. Tree cartilage flaps can lodge in joints 

and may increase in size 


Dogs treated with zygomatic arch resection or condylectomy 
should be released to the owners with instructions to return 
for suture removal in 10 to 14 days. Limitation of exercise or 
dietary restriction is not necessary. 


mat ion. 


PROGNOSIS 


If the opposite temporomandibular joint is affected, recur¬ 
rence of jaw locking may be noted after unilateral mandibu¬ 
lar condylectomy or zygomatic arch resection; however, 
most animals have normal jaw function after surgery. Possi¬ 
ble complications of these procedures include seroma for¬ 
mation and iatrogenic infection. 


Reference 

Bennett D, Pry mack C: Excision arthroplasty as a treatment for 
temporomandibular dysplasia, / Small Anitn Pract 27:361, 1986. 


m e n ts 
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SCAPULOHUMERAL JOINT 






OSTEOCHONDRITIS DISSECANS 
OF THE PROXIMAL HUMERUS 


with calcification until they be- 
radiographically visible joint mice. In some cases the 


come 

cartilage flaps are gradually resorbed. Degenerative join: 
disease often is the final outcome. 


DEFINITIONS 


Osteochondritis dissecans is a manifestation of a general 
syndrome called osteochondrosis, in which a flap of carti¬ 
lage is lifted from the articular surface. Osteochondrosis is a 
disturbance in endochondral ossification that leads to carti¬ 
lage retention. Detached pieces of articular cartilage are of¬ 
ten referred to as joint mice. 


NOTE • OCD has a hereditary component; coun¬ 
sel owners against breeding affected dogs. 


I 


DIAGNOSIS 

Clinical Presentation 

Sig Raiment. Large- and giant-breed dogs are com' 
manly affected; this disease is rarely diagnosed in cats or 
small dogs. Males are more commonly affected than females 
Clinical signs often develop between 4 and 8 months of ap 
however, some dogs may not be presented for veterinary 
evaluation until they are mature or middle aged. I 

History. Affected animals usually are presented for ex¬ 
amination because of unilateral forelimb lameness. Owners 
usually report a gradual onset of lameness that improves al¬ 
ter rest and worsens after exercise. Owners occasionally may 
associate the onset of lameness with trauma, | 


I 


SYNONYMS 


Osteochondrosis , OCD 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


c 


b 


c 


Osteochondrosis (OCD) commonly occurs in the shoulders, 
elbows, stifles, and hocks of immature large- and giant- 
breed dogs. Despite unilateral lameness, this condition often 
is bilateral. In the shoulder it usually is evidenced as a carti¬ 
lage flap found on the mid line or lateral aspect of the dorso- 
caudal humeral head. In some cases the subchondral bone 
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FIG 35-18 


Failure of endochondral ossification leads to cartilage thickening. Loss of chondrocytes 

deep in the cartilage layer produces a cleft and causes development of vertical fissures \ 
the cartilage. These fissures eventually communicate with th 


in 


joint, forming 


o cartilage flap. 


e 


Physical Examination Findings 

The shoulder should be palpated and moved through 
plete range of motion. Crepitation 
the joint is 

show pain when the shoulder is moved into extreme exten¬ 
sion (Le. T moving the humerus forward with one hand while 
the other hand is positioned as a fulcrum on the cranial 
pect of the shoulder; see p. 848). Extreme flexion of the 
sho u Id er m ay al so canse p a i n. 


a co m - 


or palpable swelling of 
seldom evident, but affected animals usually 


as- 


NOTE * Be careful not to elicit pain when holding 
the elbow to extend the shoulders. 


FIG 35-19 


Proper positioning for a shoulder radiograph. 


Radiography 

Diagnosis of OCD 
evident on lateral projections of the shoulder joints; cranio- 
caudal projections do not contribute to the diagnosis but 
may help identify the location of a joint mouse. Both shoul¬ 
ders should be radiographed, because this condition is often 
bilateral despite apparent lameness in only one limb. The 
dog should be positioned in lateral recumbency with the 
shoulder of interest dow n and the head elevated to prevent 
$uperimposition of the humeral head over the cervica 1 spi ne 
I Fig, 35-19), The uppermost forelimb is retracted caudally, 
and the down forelimb is extended cranialiy. Slight external 
rotation of the humerus may help silhouette the affected 


based on typical radiographic findings 


portion of the humeral head. Sedation may be required for 

quality radiographs. Multiple views made while the humerus 

is rotated into different positions may be necessary to locate 
the lesion. 

The earliest radiographic sign of OCD is flattening of the 
subchondral bone of the caudal humeral head. As the disease 
progresses, a saucer-shaped radio!ucent area in the caudal 
humeral head may be visualized (Fig. 35-20). Calcification of 
the flap may allow visualization of the flap 

joint it it has detached from the underlying bone. In chronic 


in situ or in the 
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TABLE 35-14 


Analgesic Therapy in Dogs with Osteochondritis 
Dissecans of the Scapulohumeral Joint 


Buffered Aspirin (Ascriptin) 


25 mg/kg (1 regular strength buffered aspirin p 
pounds of body weight, not to exceed 3 table 
dose) PO with food, bid or tid 

Carprofen (Rimpdyl) 

2.2 mg/kg PO, bid 


er 25 

ets per 


Etodolac (Etogesk) 

10*15 mg/kg PO, Std 


day; sid, once a day, 


PO, Oral; bid, twice □ day; tid, three times 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


FIG 35*20 

Radiograph of a shoulder with osteochondritis dissecans of 
the caudal humeral head. Note the flattening and 
irregularity of the subchondral bone of the caudal aspect of 
the humeral head (open arrow), A portion of the cartilage 
flap is located in the caudal cul-de-sac of the joint, where it 
has become mineralized (closed arrow), (From Glmstead 

ML; Small animal orthopedics , St. Louis, 1 995, Mosby ) 

cases, large calcified joint mice often arc observed in the cau- 
doven t ra I j ol nt po udi ■ 

Contrast arthrography using 1,5 to 4 ml of a 25% solu¬ 
tion of me glum in e-sodium diatrizoate with an admixture of 
0.2 mg of epinephrine can he used to determine the presence 
and location of cartilage flaps. The accuracy of arthrography 
in delineating loose cartilage flaps is approximately 88% 
(Van Bree, 1993), Most dogs with loose cartilage flaps over¬ 
lying a subchondral bone defect are lame, whereas those 
identified with thick articular cartilage over the flattened 

subchondral bone usually are not lame* 

Laboratory Findings 

Ana lysis of s yno vial fi u id in animal s w i th OC L> refl ects u n - 
derlying inflammation and the development of degenerative 
joint disease. Other specific laboratory abnormalities are not 
p resen t. 


Conservative therapy may benefit some dogs with OCDoi 
the shoulder; however, animals that are likely to respond to 
conservative therapy are difficult to distinguish from those 
that will not. A therapeutic trial of exercise restriction (brief 
leash walks only) for a minimum of 6 weeks can be ai- 
tempted. Buffered aspirin, carp rofen, or etodo 1 ac may be ad 
ministered to affected animals (Table 35-14 ), but care should 
be used in prescribing analgesics to these animals because 
pain relief may make it difficult to enforce exercise restric¬ 
tion. If lameness resolves, surgery may not be indicated; 
however, if lameness persists longer than 6 weeks, the tLip 
should be removed. 


Arthroscopy of the Shoulder 

Indications* The indications for shoulder arthroscopy 

include osteochondritis dissecans, bicipital tenosynovitis, 
shoulder instability (i.e., joint capsule or ligament tears or 
both), and diagnostic examinations (e,g., biopsy of bone, 
cartilage, or the soft tissue envelope), 

I n s tr u m e nta tio n * A 3 0 - deg ree fo reob 1 iq u e a r th ro scope 
is commonly used in the shoulder joint. In most dogs t 
2.7-mm arthroscope can be easily inserted into the joint 
space. In small breeds of dogs, a 2.4-mm arthroscope is 
preferable to prevent iatrogenic cartilage damage during in¬ 
sert ion or surgical manipulation. Shoulder arthroscopy in 
giant-breed dogs can he performed with a 4-mm arthro¬ 
scope; the advantage of the larger scope is the superior view* 
ing area and depth of focus. 


i 


f 


I 


( 


( 


t 


t 


DIFFERENTIAL DIAGNOSIS 


h 


Forelimb lameness in large immature dogs can be caused by 
many diseases: osteochondritis dissecans, ununited anconeal 
process, or fragmented coronoid process of the elbow, 
p a nost e it is, pr e. m am re cl os u re of pi lyses, elh o w i n co n g i u ity, 
retained cartilage cores, and hypertrophic osteodystrophy. 
Forelimh lameness attributable to the shoulder or scapulo¬ 
humeral joint must be differentiated from injuries associ¬ 
ated with trauma or septic arthritis, usually by evaluation of 
the animal’s history and the results of radiographic and syn¬ 
ovial fluid analysis. 


c 


F 


NOTE • Whichever size arthroscope is chosen, re¬ 
member to consider the outside diameter of the arthro¬ 
scope cannula, because it, too, must enter the joint. 


P 


If 


h 


Each arthroscope cannula is fitted with a blunt obturator 
and sharp trocar. Although either may he used to enter the 


th 
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joint, care must be used with the sharp trocar to prevent ia¬ 
trogenic cartilage damage, for this reason the blunt obtura¬ 
tor is preferred. 

Shoulder arthroscopy requires an assortment of hand 
instruments (see also p. 1030). These include instruments 
to assist in the inspection of intraarticular structures 
(probes), grasping forceps for removal of free bodies, 
biopsy forceps, and instruments for surface abrasion. 
Instruments commonly used for abrasion arthroplasty 
are hand-held burrs, curettes, or a motorized shaver. In¬ 
struments can be inserted into the joint through an open 
instrument port, instrument cannulas, or a combination 
of the two. If the surgeon chooses to work through an in¬ 
strument cannula, different-size cannulas and Twitching 


FIG 35-21 

View of the biceps tendon; note the free cartilage fragments 
adjacent to the tendon. 


sticks” are necessary. 

Portal sites and technique* C/. ; p and prepare the 

if an open shoulder arthrotomy were to be per 

can be aborted 


area as 

formed so that die arthroscopy procedure 
and an open arthrotomy performed if necessary. 


If the needle is located In the joint , fluid is easily instilled ' 
Also, as one begins to fill the joint cavity with fluid[ reverse 
pressure is felt on the syringe plunger from the instilled fluid. 

Establish the arthroscope portal next, insert the arthro- 
scope cannula with the attached trocar pointed obturator or 
blunt obturator first. 


This occurs more often when the surgeon is beginning to 
learn arthroscopy. 

Use one of two methods for limb preparation , depending on 
the //mb maneuverability desired. For maximum maneuver 
ability of the limb during surgery use a hanging limb prepa¬ 
ration, As you become more experienced and adept at 
shoulder arthroscopy less maneuverability is needed and 
you may wish to perform a lateral limb preparation for each 
limb. However ; perform the lateral limb preparation such 
that an open procedure can 

two or three portal sites for shoulder arthroscopy depending 
on the purpose of arthroscopic intervention, if visual explo¬ 
ration of the shoulder joint is all that is required, use only an 
egress portal and 

treatment of a pathologic joint condition is undertaken , use 
additional instrument portal. 

Position the dog in lateral recumbency with the leg to be 
opera fed on 

neutral position to prevent excessive adduction that closes 
the joint line between the glenoid and humeral head. Estab¬ 
lish the egress portal first , Use either a hypodermic needle 
(] 8-gouge, V/ 2 -inch) or egress cannula (2,4 to 27 mm). 
(Note: most surgeons prefer a hypodermic needle.) Palpate 
sfiou/der to locate the superior ridge of the greater tu¬ 
bercle and insert the needle of the craniocaudal midpoint of 
the hdge. Direct the needle caudally and medially at an an¬ 
gle of 70 degrees from the perpendicular. To ensure place¬ 
ment within the joint ; attach a syringe to the needle and as¬ 
pirate synovial fluid l 

In most cases, when the egress portal has been properly 
placed, synovial fluid is easily aspirated. 

If synovia/ fluid is not aspirated and you believe that the pint 
has been entered , instill fluid (lactated Ringer's solution} into 
tli e brn t. 


A pointed blunt obturator may be preferred. 

Position the arthroscope porta/ fust in front of and slightly 
distal to the acromion process of the scapular Use a 
20-gauge f J V 2 - inch) needle to confirm the position for the 
arthroscope portal. Insert the needle perpendicular to the 
skin surface and maintain this orientation through the soft tis¬ 
sues as the needle enters the joint. 

Lactated Ringer's solution (previously used to distend the 
joint) will flow through the needle when the joint is entered, 
marking the point of entry for the arthroscope. 


be performed if needed. Use 


an arthroscope portal. If tissue biopsy or 


on 


uppermost. Remember to support the limb in 


Use a No. 1 1 Bard-Porker blade to make a small entry 
wound through the skin and superficial soft tissues adjacent 
to the needle . Do not enter the joint with the scalpel blade , be- 

extravasation of fluid outside the joint cavity is more 

Remove the needle and insert the 


cause 

likely when this occurs . 
arthroscope cannula with the attached pointed blunt obtura¬ 
tor, Once in the joint f remove the obturator from the cannula . 


Fluid will flow freely from the cannula, confirming cor¬ 
rect placement 

Attach the fluid ingress line to the cannula and insert the 
arthroscope. Inspect the medial compartment for evidence of 
inflammation and then the cranial compartment . Thoroughly 
inspect the region of the biceps tendon for inflammation or 

free cartilage pieces (Fig. 35-21), 

Direct the arthroscope caudally and position the light post 

to inspect the ca 




ir 


udal articular surface and joint capsule. 


ie 




T 
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abrasion or microfracture (most surgeons use surface obre- 

sion) (Fig, 35-24). 

Whether using an open portal or instrument cannula to 
facilitate removal of the cartilage flap, treatment ofthe lesion 

best accomplished through an instrument cannula. 


Once the position for the instrument portal has been estab¬ 
lished[ decide if you are 
strument portal on instrument cannula , or a combination of 
the two. If you choose to work through an open portal site , 

No r I ? Bard-Parker scalpel blade to make a 0.5- to 

soft tissue tunnel adjacent to the guide needle . if the 

me- 


going to work through an open in- 




use a 


hem 

artilage flap is still attached (generally cranial and/or 
dial), insert a probe or elevator to free the edge of the flap. 
Do not free the cartilage flop completely; leave it attached at 

sites . Insert grasping forceps and hold the 


t 


used to remove the cartilage flap , fa- 


open portal was 

instrument cannula over a switching stickTreat the 


If 


on 


serf an 

urface of the lesion with aggressive abrasion using a 
held curette , hand-held burr, or motorized shaver ; Continue 
to abrade the surface until the underlying bone bleeds freely. 
Stop ingress fluid as n 

ing bone. Upon completion of surface abrasion plasty or mf 


hand- 


s 


one or more 

tilage flap with the forceps and remove it (Fig. 35-22). To 
i/ifate removal of the flap , twist the forceps to fold the flap 

longitudinally and ease 
Remove the cartilage flap as a 

is often the case, in two or three smaller pieces (Fig. 35-23). 

instrument cannula , insert the small 
sharp trocar into the joint adjacent 


a 


eeded to observe the extent of bleed- 


pa ssage through the joint capsule . 

single large fragment or, as 


i f working through 

instrument cannula 

to the guide needle. Place larger cannulas with the use 

sticks but use the smallest instrument cannula 

be treated. Pass a hand curette , 

e cannula and use 


a 


of 


switching 


through which the lesion can 
hand burr, or motorized shaver through fh 
It to break the cartilage flap into small pieces. 


The pieces generally are small enough to flow out the i 
strument cannula. 


in- 


If a cartilage piece is too large to pass freely through the 

II grasping forceps and capture the frag¬ 
ment Pull the fragment next to the instrument cannula and 

the cannula and forceps at the same time . Reestab- 

a switching 


cannula, insert sma 


rem o ve 

lish the instrument port by placing 
joint followed by the cannula. Continue to break the carti¬ 
lage flap into small pieces until the cartilage lining the pe¬ 
riphery of the lesion bed is firmly attached to the underlying 
subchondral bone. Next, treat the lesion bed by surface 


stick into the 


FIG 35-23 


Abnormal contour of the humeral artEculor cartilage surface 
depicting the site of an osteochondritis dissecans lesion. 


Abrasionplas 


Osteochondritis dissecans cartilage fragment raised from the 


the 


underlying bone surface. 


esion on 
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are encountered and must be protected during the caudal 
approach to the shoulder. 

Positioning 

m. 

The dog is positioned in lateral recumbency with the af¬ 
fected limb up. The limb should be prepared from the dor¬ 
sal midline to below the elbow. 

SURGICAL TECHNIQUES 

Infraspinatus Tenotomy for Exposure 
of the Scapulohumeral Joint 

Mate on incision in the skin and subcutaneous tissues from 
just proximal to the acromion process to the proximal 
humerus (Fig, 35-25, AJ. Curve the incision over the joint 

along the palpable cranial margin 
acromial head. Incise the deep fascia along the cranial 
margin of the acromial portion of the deltoid muscle and 

retract the muscle caudally (Fig. 35-25 , Bf, Isolate the in¬ 
fraspinatus tendon and place o stay suture in its proximal 
portion. Incise the tendon 5 mm from its insertion on the 
humerus and retract it caudally (Fig. 35-25 , CJ. Incise the 

joint capsule midway between the glenoid rim and the 

humeral head (Fig. 35-25, DJ, Internally rotate the humerus 

until the head subluxates , exposing the caudal surface of 

the humeral head (Fig. 35-25 , E). Remove the cartilage 
flap from the humeral head and curette the edges of the 
bony defect to ensure removal of all affected cartilage (Fig. 
35-25 f FJ, Flush all parts of the joint thoroughly to remove 
any cartilage debris or joint mice> Close the joint capsule 
with 3-0 absorbable suture in a simple interrupted pattern. 
Reoppose the infraspinatus tendon with an absonbab/e 
suture in a Bunnell or locking-loop pattern (see p, I 162). 
Close the muscular fascia , subcutaneous tissue s, and skin 
$ epa ro tely 


jaii'rrf by increasing the ingress flow and allowing egress 
through a large instrument cannula . Inspect the joint for re¬ 
maining bone or cartilage fragments and then 
arthroscope and instrument cannula. Suture the portals with 
non reactive, nonabsorbable suture. 


the 


remove 


SURGICAL TREATMENT 


Surgical treatment involves exploratory arthrotomy and re¬ 
moval of the cartilage flap. It is indicated in dogs with per¬ 
sistent Lameness that is unresponsive to conservative treat¬ 
ment, The goals of surgery are to remove the cartilage flap 
from the humeral head and curette the edges of the bony de¬ 
fect to ensure removal of all affected cartilage. Subchondral 
bone that appears pale and sclerotic should also be curetted. 
The joint should he carefully explored and flushed ex¬ 
tensively to identify and remove any pieces of dislodged 
cartilage. 

One of several different approaches may be used to ex¬ 
pose the scapulohumeral joint surgically, depending on the 
location of the defect and any detached cartilage flaps. Infra¬ 
spinatus tenotomy affords excellent exposure of the humeral 
head and access to both the cranial and caudal joint com¬ 
partments. However, because the infraspinatus tendon is cut 
and the joint is subluxated during the procedure, this ap¬ 
proach is more traumatic than approaches that do not in¬ 
volve tenotomy. Longer postoperative recovery periods 
should be expected than with other techniques, A caudal ap¬ 
proach to the joint affords good exposure of the humeral 
head (with adequate retraction) and excellent access to the 
caudal ventral joint compartment without tenotomy; how¬ 
ever, it does not allow the cranial aspect of the joint to be 
explored. 


f the deltoid muscle's 


NOTE ■ In animals with unilateral lameness that 
have bilateral radiographic lesions, surgery should 
be performed on the lame leg. The other leg may re¬ 
quire surgery if lameness subsequently develops in 

that limb. 


Caudal Approach to the 
Scapulohumeral Joint 

Mo ke an incision in the skin , subcutaneous tissues, and deep 
fascia that extends from the midscopular spine to the mid - 

humeral diaphysis (Fig, 35-26 f A), incise the intermuscular 
septum between the caudaI horde r of the scapular portion af 
the deltoid muscle and the long head of the triceps muscle 
and separate the muscles (Fig. 35-26, &). Use blunt dissec¬ 
tion to free the deltoid muscle and expose the caudal cir¬ 
cumflex artery and vein , the muscular branch of the axillary 

and the teres minor muscle (Fig. 35-26 , C). Elevate 

tally, exposing the ax- 
and joint capsule. Place a Penrose drain around 


Preoperative Management 

The overall health of the animal should be determined be¬ 
fore surgery. A complete physical examination should be 
performed to determine if other joints are similarly affected. 

Anesthesia 

These animals usually are young and healthy, and a variety of 
anesthetic regimens can be used (see p, 824). 

Surgical Anatomy 

Important anatomic landmarks for Identifying the location 
of the scapulohumeral joint are the acromion process of the 
scapular spine, the greater tubercle, and the acromial head of 
the deltoid muscle. The omobrachial vein is located superfi- 
ciallv over the acromial head of the deltoid muscle. The cau- 

jrp 

dal circumflex humeral artery and vein and axillary nerve 


nerve, 

a nd retract the teres minor m u sc/e era n 


illary nerve 

the nerve and gently retract it caudally (Fig. 35-26, DJ. In¬ 
cise the joint capsule 5 mm 
rim to expose the humeral head (Fig. 35-26, EJ. To expose 
OCD lesions of the humeral head, internally rotate the 
humerus and flex the shoulder. Explore the joint and remove 
the cartilage as described above . Close the joint capsule in 
interrupted pattern with 3-0 absorbable suture. Then su¬ 
ture the intermuscular septum f deep fascia, subcutaneous tis¬ 
sues , and skin as separate layers. 


from and parallel to the glenoid 


an 


is 




Trapezius 


Sup rasp Hiatus 


muscle 


triceps 


i i 


minor 

muscle 


musde 


FIG 35.25 

Cron 


ioloterol approach to the shoulder* A, 
from just proximal to the acromion process to the proxi 

deep fascia along the 
retract the muscle caudally, C, Isolate the 


an mctsion in 


%, Incise the 


imerus. 
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re in its 


proximal portion, and incise the 
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FIG 35-25, tout'd 

Craniolateral approach to the shoulder D, Incise the joint capsule midway between the 
glenoid rim and the humeral head, E, Infernally rotate the humerus until the head 
subluxates and remove the cartilage flap. F f Curette the edges of the bony defect to ensure 
removal of all affected cartilage. 
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FIG 35-36 


O 


roach to the shoulder. A, Make an incision in the skin, subcutaneous tissues, 
tscia that extends from the midscapular spine to the mi dhumeral diaphysis. 

B, Incise the intermuscular septum between the caudal border of the scapular portion of the 
deltoideus muscle and the long head of the triceps muscle, C, Elevate and retract the teres 
minor muscle cranially, exposing the axillary nerve and joint capsule. 0, Place a Penrose 
drain around the nerve and gently retract it caudally, E, Incise the joint capsule 5 mm from 
and parallel to the glenoid rim to expose the humeral head. 


and 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


SCAPULOHUMERAL JOINT LUXATION 


The animal usually can be released to the owner within 1 or 
2 days after surgery. The client should be instructed to limit 
the animals activity for 1 month to allow the soft tissues to 
heal. The dog then can be returned gradually to full activity. 
The incision site should be observed for seroma formation, 
which usually resolves without therapy. 


DEFINITION 


Scapulohumeral joint luxation occurs when loss of sup¬ 
porting structures of the joint is sufficient to cause separa¬ 
tion of the humerus from the scapula. 


SYNONYMS 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Dislocated shoulder ; shoulder luxation 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Army-Navy retractors are used to retract soft tissues and im¬ 
prove visualization of the humeral head. A bone curette is 
used to remove damaged articular cartilage from the 
humeral head. 


Scapulohumeral luxations may be caused by trauma or may 
be congenital in origin. The scapulohumeral joint is sup¬ 
ported by the joint capsule, glenohumeral ligaments, and 
surrounding tendons (sup rasp inatus, infraspinatus, teres 
minor, and subscapular is). When these structures are tom or 
deficient, humeral head luxation may occur. Scapulo¬ 
humeral Luxations are named for the direction in which the 
humeral head deviates. Medial or lateral deviations are most 
common; cranial and caudal luxations are rare. 

Traumatic luxations usually are the result of shoulder in¬ 
jury. Traumatic lateral humeral luxations occur after gleno¬ 
humeral ligament and infraspinatus tendon rupture, 
whereas traumatic medial humeral luxations are associated 
with tearing of the medial glenohumeral ligament and sub- 
scapularis tendon. Concurrent thoracic trauma is common 
(fe,, pneumothorax, hemothorax, pulmonary contusions, or 
fractured ribs). Congenital or developmental laxity of the 
capsule and ligaments may result in medial instability and 
medial luxation of the humeral head. The glenoid cavity may 
be sufficiently deformed or hypoplastic to prevent reduction 
of the humeral head. This condition often occurs bilaterally 
in affected animals. Subluxation or shoulder instability asso¬ 
ciated with incomplete tearing of the medial glenohumeral 
ligament, biceps tendon, or glenoid labium; distention of 
the joint capsule; synovitis; and varying degrees of degener¬ 
ative joint disease may cause chronic shoulder pain and 
lameness in dogs. 


PROGNOSIS 


The prognosis for normal limb function with osteochon¬ 
dritis dissecans of the shoulder is good. Dogs in which 
the condition responds to medical therapy generally re¬ 
turn to full function. After surgery most dogs become 
sound within 4 to 8 weeks, In one study ot 44 shoulders 
treated surgically to remove cartilaginous flaps, 75% had 
excellent function and 22,5% had good function on 
long-term evaluation (Rudd, Whitehall, Margolis, 1990), 
Despite the absence of lameness in these dogs, degenera¬ 
tive joint disease may develop and owners, should be fore¬ 
warned of this. 


References 


Richardson DCs Zentek J: Nutrition and osteochondrosis, Vet Clin 

North Am Small Anim Pi act 28:115, 1998. 

Rudd RG, Whitehall JG, Margolis jH: Results of management of 
osteochondritis dissecans of the humeral head in dogs: 44 cases 

(1982-1987), JAm Anim Hasp Assoc 26:173,1990. 

Van Bree H: Comparison of the diagnostic accuracy of positive 
contrast arthrography and arthrotomy in evaluation of osteo¬ 
chondrosis lesions in the scapulohumeral joint in dogs, / Am Vet 
Med ASSOC 203:84, 1993. 


Suggested reading ___ 

Johnston 5A: Osteochondritis dissecans of the humeral head, Vet 
Clin North Am Small Anim Pmct 28:33, 1998, 

McLaughlin R, Roush JK: A comparison of two surgical approaches 
to the scapulohumeral joint in dogs, Vet Surg 24:207, 1995, 

Olsson 5-E: Pathophysiology, morphology and clinical signs of os¬ 
teochondrosis in the dog. In Rojrah ML editor: Disease mecha¬ 
nisms in small animal surgery, ed 2, Philadelphia, 1993* Lea & 
Febige r. 

Van Bree HIT Van Ryssen B: Diagnostic and surgical arthroscopy in 
osteochondrosis lesions, Vet Clin North Am Small Anim Pract 

28:161, 1998. 

Van Ryssen B, Van Bree IT Mbsinnc 5: Successful arthroscopic 
treatment of shoulder osteochondrosis in the dog, / Small Anim 
Pract 34:521, 1993. 


NOTE • Be sure to differentiate traumatic from con¬ 
genital luxations because the treatment and progno¬ 
sis are different. 


DIAGNOSIS 

Clinical Presentation 

Signalmen!. Traumatic luxation may occur in any age 
or breed of dog; it is rare in cats. Congenital, medial luxation 
usually occurs in small and miniature dog breeds such as toy 
poodles and Shetland sheepdogs; lameness usually appears 
when the animal is young. 

History. Dogs with traumatic luxation usually have a 
history or evidence of trauma. Chronic forelimb lameness 
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values to determine the optimum anesthetic regimen. Analy¬ 
sis of synovial fluid from affected animals may reflect associ¬ 
ated inflammation and the development of degenerative 
joint disease. 


that first becomes evident at a young age and without a his¬ 
tory of trauma suggests congenital luxation. 

Physical Examination 

With traumatic luxation, affected animals may be non¬ 
weight-bearing and the limb often is carried in a flexed posi¬ 
tion* With lateral luxation, the foot is rotated internally and 
the greater tubercle is palpable lateral to its normal position; 
with medial luxation, the foot is rotated externally and the 
greater tubercle is palpated medial to its normal location. 
Pain and crepitation are evident with shoulder manipulation. 

Dogs with chronic, congenital medial luxation often are 
lame. The joint is easily luxated and reduced, but manipula¬ 
tion does not usually cause pain. If the glenoid cavity is de¬ 
formed, reduction of the humeral head may be impossible. 
Some small dogs with chronic medial luxation show only 
mild intermittent lameness and minimal degenerative joint 

disease. 


DIFFERENTIAL DIAGNOSIS 


Degenerative joint disease and contracture of the infraspinatus 
or supraspinatus tendons must be differentiated from luxation 
on the basis of physical findings and the results of radiogra 
Subluxation or shoulder instability may be differentiatedfrom 
bicipital tenosynovitis on the basis of the physical examination 
and arthroscopic examination (see p* 1050}* 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


Dogs with chronic medial luxation, only mild intermittent 
lameness, and minimal degenerative joint disease may be 
managed with exercise restriction and administration of as¬ 
pirin during acute exacerbations. Closed reduction can be 
attempted for a traumatic luxation presented for treatment 
soon after injury provided the condition is not associated 
with humeral or scapular fractures. General anesthesia is re¬ 
quired for closed reduction. A lateral luxation is redact'd 
with the leg held in extension. Medial pressure is applied to 
the humeral head, and lateral pressure is applied to the me¬ 
dial surface of the scapula (Fig* 35-28). The humeral heaa 
should remain in place when it is gently moved through a 
normal range of motion. If the luxation appears stable, a lat¬ 
eral spica splint should be applied for 10 to 14 days (see 


Radiography 

Lateral and cranio caudal radiographs ot the shoulder are 
evaluated to confirm the diagnosis (Fig, 35-27) 
matic luxation, special attention should be given to identify¬ 
ing concurrent scapular fractures or thoracic injuries. 

Laboratory Findings 

Specific laboratory abnormalities are not seen with trau¬ 
matic or congenital luxation. Traumatized animals undergo¬ 
ing surgery should have sufficient measurement of blood 


t rau - 


A 


FIG 35*27 


Ventrodorsal radiographs illustrating lateral (A) and 
medial t») luxation of the humeral head 
Olmstead ML: Small animal orthopedics , St. Louis 
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p. 823), A medial luxation caused by trauma is reduced in 
the opposite manner and immobilized by placing the limb in 
a Velpeau sling (see p* 840)* 


normalities and mild or moderate atrophy of shoulder mus¬ 
cles usually are noted after surgery. 

Preoperative Management 

The animal s overall health should be determined before 
surgery. Thoracic radiography and electrocardiographic 
analysis are warranted in animals with traumatic luxation. 

Anesthesia 

General anesthesia is required for dosed or open reduction, A 
variety of anesthetic regimens can be used in young, healthy 
animals (see p* 824)* Special care should be exercised in anes¬ 
thetizing older animals or those with concurrent injuries. 

Surgical Anatomy 

Important landmarks used to identify the location of the 
scapulohumeral joint are the acromion process of the scapu¬ 
lar spine, the greater tubercle, and the acromial head of the 
deltoid muscle. Anatomic landmarks for positioning the 
skin incision include the acromion of the scapula, the greater 

tubercle of the humerus, and the pectoral muscles. The 
suprascapular nerve courses over the cranial lateral surface 
of the scapula, and the caudal circumflex humeral artery and 
axillary nerve pass on the caudolateral aspect of the shoulder 
and should be avoided. 




SURGICAL TREATMENT 


If a traumatic luxation is unstable enough alter closed re¬ 
duction that relaxation occurs or if the luxation is chronic, 
open reduction and stabilization with capsulorrhapfay or 
tendon transposition are required. Surgery is warranted in 
animals with congenital luxations that cause severe or per¬ 
sistent lameness. In cases of severe joint dysplasia or degen¬ 
erative joint disease, open reduction and stabilization are 
unsuccessful, and salvage procedures (glenoid excision or 

arthrodesis) must be performed. 

Surgical arthrodesis of the shoulder is reserved for ani¬ 
mals with chronic intractable luxation, comminuted frac¬ 
tures of the humeral head or glenoid, or severe degenerative 
joint disease that precludes primary fixation. This is consid¬ 
ered a salvage procedure and should be done only as a last 
resort and only when other joints are normal. Because 
scapular mobility compensates for loss of motion in the 
scapulohumeral joint, most animals have good limb func¬ 
tion after shoulder arthrodesis* 

Excision arthroplasty is a salvage procedure that causes a 
pseudoarthrosis to form between the scapula and the 
humerus, allowing limited scapulohumeral joint motion. 

This procedure does not require implantation of orthopedic 
hardware (plates, screws), and most dogs are pain tree and 
bear weight on the limb at a walk or run* However, gait ab¬ 




Positioning 

For either medial or lateral luxation, the animal is positioned 
in dorsal recumbency with the affected leg draped. The pre¬ 
pared area should extend from the dorsal and ventral mid- 
lines to below the elbow. 


■nil 


SURGICAL TECHNIQUES 

Surgical Stabilization of a Medial Luxation 

A craniomedial approach to the shoulder joint is used to ex¬ 
pose the luxated joint. It may be helpful to reduce the joint 
before the approach is made to reestablish normal anatomic 
relationships. 
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Beginning at the medial aspect o f the acromion , incise the skin 
and subcutaneous tissue over the greater tubercle and con - 
tinue the incision medially to the midhumeral diaphysis (Fig. 
35-29, A), incise the fascia along the lateral border of the 
brachiocephalicus muscle and retract the muscle medially 
(Fig. 35-29 , BJ, Incise the insertions of the superficial and 
deep pectoral m us cles from th e h umerus and retract them 
dlolly. Carefully incise the fascial attachment between the 
deep pectoral muscle and suprospinotus muscle to avoid dam¬ 
aging the suprascapular nerve (Fig. 35-29, Cj. Retract the 

s up rasp mates m uscle la tera fly Tran sect the tendon of the corn - 
cobrachialis muscle to expose the subscapularis muscular ten¬ 
don (Fig . 35- 29, D j. If th e jo in t caps vie is n o t tom , inc i se r t to 
inspect the joint and assess the condition of the humeral head 

and medial labrum of the glenoid (Fig. 35-29, E). 
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110 35-28 

For closed reduction of a lateral luxation, apply medial 
pressure to the humeral head and lateral pressure to the 
medial surface of the scapula. 


If the labrum is worn, the prognosis for successful 
stabilization of the shoulder is poor* The tendon of the 
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m 35-29 


Sh 


medial shoulder luxation. A, Perform a craniomedial approach 


Surgical stabilization or a 

with biceps tendon transposition. Incise the skin and subcutaneous tissue over the greater 

tubercle and continue the incision medially to the midhumeral diaphysis. E, Incise the 
fascia along the lateral border of the brachiocephalicus muscle. C, Incise the insertions of 
the superficial and deep pectoral muscles from the humerus and retract them medially. 
Retract the suprasplnatus muscle laterally, D, Transect the tendon of the coracobrachialis 
muscle to expose the subscapularis muscular tendon. Incise the tendon of the 
suprascapularis muscle, i. Incise the joint capsule to inspect the joint. F, To transp 
biceps tendon, incise the transverse humeral ligament. Make a small incision in the joint 
capsule under the biceps tendon to free it and move the tendon medially. Secure it to the 
humerus with a bone screw and spiked washer 
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dividual animal). Take core to preserve the suprascapular 

and caudal circumflex humeral artery. Appose the flat 
surfaces and temporarily stabilize the bones with a Kirschner 

through the cranio! aspect of the humerus and 

1 n to th e glen o id. Con to ur an 8 
dorsocra n ia I junction o f the sp ine and scap u la over th e era - 
nial aspect of the humerus (Fig. 35-31), Be sure that the plate 
does not impinge on the suprascapular nerve , If necessary, 

contour the cranial humerus with rongeurs to obtain a better 

screws across the apposed 
lag screw . Remove the Kirschner wire 


coracobrachial is muscle may be torn and retracted with 
traumatic luxation. 

Recfoce f/ie joint and imbricate the capsule and subseapu- 
(oris fen don with nonabsorbable mattress sutures. If this does 
not sufficiently stabilize the joint , incise the transverse 
humeral ligament over the biceps tendon. Make a small in¬ 
cision in fbe joint capsule under the biceps tendon to free it 
and move /be tendon medially Secure if to the humerus with 
atone screw and spited washer (Fig. 35-29 , f). To prevent 
external rotation of the humeral head during healing, place 
a ro tofionat suture of heavy, nonabsorbable material from 
the medial labrum of the glenoid through a bone tunnel in 
frre greater tubercle. For closure f suture the joint capsule and 
fen suture the pectoral muscles to the deltoid fascia. Suture 
fe suteufaneous tissues and skin separately. 

Cranial Approach to the Shoulder Joint 

The biceps brachii tendon is transposed to stabilize a lateral 
luxation. An approach to the cranial region of the shoulder 
joint is used to expose the luxated joint (it also is used to ap¬ 
proach a cranial luxation of the shoulder). It may be 
to reduce the joint before the approach is made to reestab¬ 
lish normal anatomic relationships. 

Incise the skin and subcutaneous t is sues and deepen the in¬ 
cision ffirough fbe pectoral muscles os described above for a 
medial luxation (Fig. 35-30, A). Perform an osteotomy o f the 
greater tubercle that includes the supraspinatus muscular in¬ 
sertion (Fig. 35-30, Bf, if the joint 

it fo inspect th e jo in t and 
head and lateral labrum o f the glenoid (Fig. 35-30 [ C). 

Surgical Stabilization of a Lateral Luxation 

If the labrum is worn, the prognosis for successful stabiliza¬ 
tion of the shoulder is poor. 

Reduce fbe joint and imbricate the capsule with nonab¬ 
sorbable mattress sutures. If sufficient stabilization is not 
achieved , incise the transverse bumera/ ligament over the bi¬ 
ceps tendon. MaJte a small incision in the joint capsule un¬ 
der the biceps tendon to free it and move the tendon later- 

the osteotomy site . While the tendon is held in 
place, reduce and stabilize the osteotomy with Kirschner 
wires and a tension band wire or lag screw 
Suture the biceps tendon to the deltoid fascia. Close as de¬ 
scribed above. 

Shoulder Arthrodesis 

Perform a combined craniolateral and cranial approach to 
tfie $ holder with osteotomy of the acromion process (see 
p.916) and greater tubercle (see above). Detach the biceps 
tendon from the s upraglenoicl tubercle. Using an oscillating 
idw or osteotome, perform ostectQrnies of the glenoid process 
rnd humeral head f which parallel each other when the 

angle of approximately 11 0 degrees to 
fescerpu/o ftbe exact angle should be customized to the in¬ 


wire driven 


JO-hole plate to fit from the 


fit for the plate, insert one 
osteotomy lines 

and attach the biceps tendon to the surrounding fascia or at¬ 
tach it to the humerus with a bone screw and spiked washer. 
Secure the greater tubercle to the humerus lateral to the plate 
with Kirschner wires or bone screws. Suture the soft tissues 


and close the skin routinely. 


Excision Arthroplasty 

Perform a cram 


ioiateral approach to the shoulder with 

teotomy of the acromion process ( 

Detach the biceps tendon from the suproglenoid tubercle and 

incise the joint capsule. Using 
perform on 

to preserve the suprascapular 
humeral artery when performing the excision. Bevel the gle- 

that the lateral edge is longer than the medial edge. 
Part of the humeral head can be ostectomized to create a vas¬ 
cular surface to promote pseudoarthrosis . Pull the teres minor 
muscle aver the glenoid ostectomy site and suture i t to th e 
dial joint capsule and biceps tendon to provide soft tissue / 
terposithn between bone surfaces . Pull the acromion process 
proximally until the deltoid muscle is taut Wire the process 
the scapular spine (see p. 916), then close the soft tissues. 


os- 


p. 916). 


Fig. 34-18 


on 


an oscillating saw or osteotome, 
ostectomy of the glenoid (Fig. 35-32). Take care 

and caudal circumflex 


nerve 


noid so 


me- 


capsule is 


tn- 


not torn f tnase 

assess the condition of the humeral 


to 


Ll 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Stabilization techniques for scapulohumeral luxations re¬ 
quire retractors, a periosteal elevator, osteotome and mallet, 
Kirschner wires, orthopedic wire, wire driver, wire twister, 
bone screw and spiked washer, drill, drill bit, tap, depth 
gauge, and screwdriver. Plating equipment is required tor 

arthrodesis. Excision arthroplasty requires instruments sim¬ 
ilar to those for luxations. 




c((y ocros $ 


POSTOPERATIVE CARE 
AND ASSESSMENT 


(Fig. 35-30, 0). 




Postoperative radiography is performed to document the 
position of the humeral head and any implants used. Aker 
lateral luxation, the limb should be supported in a spica 
splint (see p. 823) for 10 to 14 days; after medial luxation, it 
should be supported in a Velpeau sling (see p. 840) for a sim¬ 
ilar period. Owners should be cautioned to limit activity and 
protect the bandage. After removal of the bandage, activity 
should be limited for an additional 3 to 4 weeks. 

Alter shoulder arthrodesis, postoperative radiographs 
should be made to evaluate the implant's position and to serve 
as a comparison for subsequent evaluations. A spica splint is 
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FIG 35-30 


lateral shoulder luxation, perform a cranial approach with biceps 
tendon transposition. A, Expose the joint. B, Perform an osteotomy of the greater tubercle, 
including the supraspmatus muscular insertion C, Incise the joint capsule and the 
transverse humeral ligament over the biceps tendon. D, Free the biceps tendon and move it 

the osteotomy site. Hold the tendon in place and reduce and stabilize the 

ner wires and a tension band wire or lag screw. 
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FIG 35-31 


Shoulder arthrodesis. A, Osteatomize the greater tuberc 
the osteotomy lines for the glenoid and humeral head pc 

humerus is 


and acromion process. Make 


e 


e 


held at 105 degrees to the scapula, B, Compress the bone 
compression plate. Place a lag screw across the fracture ; ine. A cancellous bone 

added. 


a 


autograft may 


e 


Ostectomy 


FIG 35-32 

Ostectomy lines 


excision. 
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DIAGNOSIS 

Clinical Presentation 

Signal merit. Scapular l uxation occurs more 
cats than dogs; animals of either gender or any age maybe 
affected. 

History. The animal typically has a 
trauma. 

Physical Examination Findings 

Marked dorsal displacement of the scapula is observed as the 
animal bears weight on the affected limb. Adduction of the 
limb induces lateral scapular displacement. The symmetry of 
scapular location and prominence should be com pared with 
the normal limb. 


applied until radiographic signs of bone union are seen, 
ally in 6 to 12 weeks. Once bone union is evident, lhe splint can 
be removed and the animal gradually returned to full activity. 

After excision arthroplasty, postoperative radiographs are 
assessed to document alignment of the scapula and humeral 
head. Early postoperative use of the limb should be encour¬ 
aged, The animal should be walked on a leash and physical 
therapy (range of motion exercises) should be performed be¬ 
ginning 1 or 2 days after surgery. Once the sutures have been 
removed (10 to 14 days after surgery), activity should be en¬ 
couraged to promote rapid formation of pseudoarthrosis. 
Lameness often is evident for 4 to 8 weeks after surgery. 


in 


recent history of 


PROGNOSIS 


After closed reduction, the prognosis is good for maintenance 
of reduction and return of limb function if the joints are stable 
during fbrelimb manipulation. However, the prognosis is 
guarded if the joints appear unstable; open reduction and joint 
stabilization should be considered in such cases. The major 
complication associated with surgical repair of scapulohumeral 
joint Luxations is reluxation of the humeral head. With trau¬ 
matic luxation, most dogs regain normal limb use; however, 
some degenerative joint disease may occur and require periodic 
treatment with analgesics. The prognosis is guarded for dogs 
with congenital or developmental medial luxation. When it is 

not possible to maintain reduction of scapulohumeral joints, a 
salvage procedure may be indicated (he., shoulder arthrodesis, 
excision arthroplasty, or amputation). 


Radiography 


Radiographs are made of the thorax and evaluated for signs 
of thoracic trauma, such as fractured ribs, pulmonary con¬ 
tusions, or pneumothorax. Usually the scapula is not frac¬ 
tured hut may appear displaced. 


Laboratory Findings 

Specific laboratory abnormalities are not seen, Traumatized 
animals undergoing surgery should have sufficient measure¬ 
ment of blood values to determine the optimum anesthetic 
regimen. 


DIFFERENTIAL DIAGNOSIS 


Scapular luxation must be differentiated from a scapular 
fracture (see p. 913). I 


Suggested reading 


Rardet IF: Diagnosis of shoulder instability in dogs and cats: a ret¬ 
rospective study ,} Am Anim Hasp Assoc 34:42, 1998. 

Vasseur PR: Luxation of the scapulohumeral joints. In Slatter D, ed¬ 
itor: Textbook of small animal surgery, ed 2, Philadelphia, 1993, 
WR Saunders. 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


Surgical stabilization of the scapula usually is required fora 
good cosmetic and functional result; however, closed reduc¬ 
tion with placement of a Velpeau bandage (see p. 840) has 
been reported to be successful in cats with acute luxation. 




F 


c 


SCAPULAR LUXATION 


SURGICAL TREATMENT 


t« 


Although the torn muscles' bellies occasionally can be iden¬ 
tified and reattached to the scapula, this repair usually is in¬ 
sufficient to allow weight bearing. Generally the scapula is 
held in its normal position by wire suture that is placed 
ar ou nd an a d j ace nt rib a n d t h ro ugh h ol es d r ille d in the tan - 
dal scapular border. 


DEFINITION 


F 


fi 


Scapular luxation is characterized by upward displacement 
of the scapula after rupture of supporting musculature. 


T 


SYNONYM 


ve 


Scapu lard is! oca t i o n 


pr 


Preoperative Management 1 

Thoracic radiographs and electrocardiographic analysi> r.t 
warranted to detect any concurrent thoracic or cardiovascu¬ 
lar trauma in acute in j u r i es. Pro p hyl ac t i c antibio tic therapy 
usually is unnecessary. 1 

Anesthesia 

If the animal is healthy and has no significant concurrent tri- 
juries, a number of anesthetic regimens can be used safely 

(see p. 824); however, if evidence of concurrent thoracic er 
cardiovascular injury is seen, anesthesia should be indued 


di 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


ta 


sp 


fo: 


Scapular luxation is rare but occasionally 
trauma that causes the serratus ventral is, rhomboideus, and 
trapezius muscular insertions to be torn from their scapular 
attachments. This allows upward displacement of the 
scapula during weight bearing. Concurrent injuries such as 
rib fractures, pneumothorax, or pulmonary contusions are 
common and may require immediate treatment. 


occurs 


co. 


ea 


PI 


Ch 
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and monitored with care. Equipment should be available for 
ventilating the animal if the chest is opened inadvertently. 

Surgical Anatomy 

See p. 915 for a detailed discussion of the anatomy of the 
scapula. Important landmarks for surgical repair of a scapu¬ 
lar luxation are the dorsocaudal scapular border and the 
fifth, sixth, or seventh ribs. 

Positioning 

The animal is positioned in lateral recumbency with the af¬ 
fected side up. The entire scapular region from midcervical 
region to mid thorax should be prepared fo r aseptic surgery 


iatrogenic infection, and eventual wire fatigue and 
breakage with migration; however, complications are rare. 
Most animals bear weight normally on affected limbs after 
surgery. 


ure 


BICIPITAL TENOSYNOVITIS 


DEFINITIONS 


Bicipital tenosynovitis is an inflammation of the biceps 
brachii tendon and its surrounding synovial sheath. Bicipi¬ 
tal tendon tenodesis involves surgically moving the bicipital 
tendon from the intertubercular groove. 


SURGICAL TECHNIQUE 


SYNONYMS 


Aker returning the scapula to its normal position , incise 
mrough the skin and subcutaneous tissues along the dorsal 
caudal scapular margin to expose the caudal scapular bor¬ 
der if possible, identify the torn edges of the muscles * Elevate 
o small portion of the teres major muscle from the caudal 

scapular border and identify the underlying rib , Elevate the 

periosteum from the rib surface f taking care to avoid pene¬ 
trating the parietal pleura , Use a wire passer to position a 
piece of wire around the rib , Use / 8- to 20-gauge wire to 
secure tfie scapula to the rib , Drill two holes in the caudal 


Bicipital tendinitis, mineralization of the biceps tendon 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


[he etiology of bicipital tenosynovitis is either direct or in¬ 
direct trauma to the bicipital tendon. Repetitive injury or 
overuse may be an inciting factor. Chronic inflammation 
causing synovial hyperplasia and dystrophic mineralization 
of the tendon may occur. The tendon may be partly or com¬ 
pletely ruptured. Proliferative fibrous connective tissue and 
adhesions between the tendon and sheath limit motion and 
cause pain. Osteophytes may form in the intertubercular 
groove. Mineralization of the sup rasp inatus tendon may 
cause a secondary mechanical tenosynovitis and lameness 
that is refractory to steroid injection but responsive to curet¬ 
tage of the mineralization. 


I 


scapulat border adjacent to the exposed rib and pass the 


free ends of the wi re th ro ug h thes e holes in a medi a I to lat¬ 
eral direction. Tighten the wire by twisting the ends to secure 
ita scapula to the rib , if the torn muscle edges have been 
identified, reattach them before closing the subcutaneous tis¬ 
sues and stin. 


r 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


DIAGNOSIS 

Clinical Presentation 


Necessary equipment includes 18- or 20 

passer, periosteal elevator, and Steinmann pin and hand 
chuck. Absorbable (po I ydi oxa none or polyglyconate) or 
nonabsorbable (polypropylene or nylon) suture can be used 
to reattach the muscles to their scapular insertions. 


-gauge wire, a wire 


is 


Signclment, Affected dogs usually are medium- to 
large-sized and middle-aged or olden There is no predispo¬ 
sition in either gender. Working, active dogs and sedentary 
do gs may b e a ffecte d. 

History. Intermittent or progressive forelimb lameness 
that worsens after exercise is common. The owner may relate 
the lameness to trauma, but usually the onset of clinical 


n- 


POSTOPERATIVE CARE 
AND ASSESSMENT 


n- 


is 


The patient's respiratory rate and effort should be observed 
carefully postoperatively to determine if the animal is able to 
ventilate normally. Ventilatory difficulties may indicate 
pneumothorax if the pleura was inadvertently penetrated 
during passage of the wire. Thoracic radiographs should be 
taken and thoracentesis performed in such patients, A spica 
splint (see p. 823} should be applied to immobilize the limb 
lor 3 weeks after surgery (the bandage may need to he 
changed every 5 to 7 days). Owners should be instructed to 
confine the animal until the bandage is removed; normal ex¬ 
ercise may be resumed at 6 weeks. 


ed 


signs is slow. 


u- 


a 


Physical Examination Findings 

Lameness of one forelinib usually is evident. The animal 
usually stands on the limb but is lame during gaiting. Pain 
may be evident during palpation of the bicipital tendon, es¬ 
pecially with concurrent flexion and extension of the shoul¬ 
der, In some cases the condition is bilateral. Atrophy of the 
supraspinatus and infraspinatus muscles may be palpable. 


x r e 


:u- 


i py 


Radiography 


m- 


PROGNOSIS 


fely 

: or 

ce d 


Radiographic views should include standard lateral projec¬ 
tions of both shoulders. A craniocaudal projection of the 
humerus with the shoulder flexed can be used to identify the 


Chronic luxation will not resolve without surgical interven¬ 
tion. Possible complications of surgery include fixation fail- 
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humeral ligament. The tendon is surrounded by a synovial 
sheath that communicates with the scapulohumeral joint. 

Positioning M 

The dog is positioned in dorsal recumbency with the af¬ 
fected leg draped. The prepared area should extend from the 
dorsal and ventral midlines to below the elbow. 


. Calcification of the biceps tendon and os- 

be evident. 


bicipital groove 
teophytes in 

Arthrography (see p. 1050) can be used to outline the tendon 

and filling defects suggestive of syn- 

ial hyperplasia, tendon rupture, and joint mice. 


the inter tubercular groove may 


and reveal irregularities 


ov 


Laboratory Findings 

The results of hematologic and serum biochemical analyses 
reflect the dog's general health. The results of arthrqcentesis 
typically are normal or may suggest mild inflammation and 
degenerative joint disease, with higher concentrations of 
monocytes and macrophages in the joint fluid. Evidence of 
sepsis is a contraindication to arthrography or mtraartkular 

corticosteroid therapy. 


SURGICAL TECHNIQUE 


of the shoulder joint h 


An approach fa the cranial region 
used to expose the bicipital tendon and bicipital groove (see 
1061). Incise the transverse humeral ligament and joint 

the tendon and inter tubercular groove L 


P- 


copsu/e to expose 
Transect the tendon near the suproglenoid tubercle * Ren/iocfi 

with a bone 


to 


groove 

and spiked Teflon washer. As an alternative , red/recf 

bone tunnel created in the humerus 


DIFFERENTIAL DIAGNOSIS 


screw 

fbe tendon through 
and suture it to the supraspinatus muscle. 


Bicipital tenosynovitis must be differentiated from os¬ 
teoarthritis of the shoulder, shoulder instability, early 
teosarcoma or other bone tumors oi the proximal humeral 
metaphysis, synovial osteochondromatosis, cervical disk dis¬ 
ease, or neurofibroma of the brachial plexus. Definitive di¬ 
agnosis is confirmed with arthroscopic examination of the 

shoulder joint (see p. 1050). 


o 


os- 


SUTURi MATERIALS AND 
SPECIAL INSTRUMENTS 


and spiked washer is needed. 


Equipment for placing 


a screw 




POSTOPERATIVE CARE 
AND ASSESSMENT 


MEDICAL MANAGEMENT 


The limb should be supported in a Velpeau sling (see p. 840) 
after surgery for 2 to 3 weeks* I he animal should be closely 
confined for 6 weeks, after which gradual resumption of 
normal activity should be encouraged. 


Medical therapy generally is used initially to treat dogs with 

bicipital tenosynovitis. Methylpredmsolone acetate (. L0 to 40 

the bicipital tendon sheath or in- 


mg) can be infiltrated into 

the scapulohumeral joint* 1 His treatment is 


jected into 

lowed by confinement for 6 weeks. After the confinement 
period, exercise should be increased gradually to strengthen 
the surrounding musculature. Oral admin isti at ion of corti¬ 
costeroids does not appear to be effective. 


PROGNOSIS 


The results of medical treatment range from excellent to 

gical treatment generally are good to 


poor* The results of sur 
excellent* The time required for dogs to regain optimum 

function ranges trom 2 to 9 months. 


SURGICAL TREATMENT 


Bicipital tendon tenodesis is performed to eliminate move 
ment of the biceps tendon in the inflamed tendon shea lb 


Sugg ested reading 


indicated in dogs with ruptured bicipital 


sis and classify 


Bardet IF: Lesions of the biceps tendon: diagno 

Trauma 12:188, 1999. 

the supraspinatus tendon: clinical 

dogs, Vet Comp Orthop Trauma 8:91,199?. 


This procedure is 
tendons and chronic bicipital tenosynovitis il that has not 

alternative, surgical or 

and resection of mineralization 


tion, Vet Comp Orthop 

H: Mineralization of 


Kriegleder 

observations in seven 
Laitinen CM, Flo GL: Mineralization of the supraspinatus 

long-term follow-up, / Am Artirh Hosp Assoc 


responded to medical therapy. As 

arthroscopic exploration : ; EI- 

and inflamed synovium may be effective 


an 


in dogs: a 


Preoperative Management 

Most affected animals are middle-aged or older, and concur- 

medical problems should be identified before surgery. 

Anesthesia 

Anesthetic management of dogs with orthopedic disease is 

discussed on p. 824. Postoperative 
on p* 824. 


at: Chronic bicipital tenosynovitis in dogs: 29 oscs 


Stobie D cl 


(1985-1992), )Am Vet Med Assoc 207:201, 1995. 


ELBOW JOINT 


analgesics are discussed 


CANINE ELBOW DYSPLASIA 


Some specific diseases have been designated as roanife 
lions of inherited canine elbow dysplasia (Table 35-15j.Th!i 

> of diseases (e.g., fragmented coronoid process 
chondrosis, ununited anconeal process, articular car 

ly, and joint incongruity) causes elbow 
Breed dispositions to the development ol these diseases tD- 


Surgical Anatomy 

l he surgical anatomy of the shoulder is discussed on p. 

The bicipital tendon arises from the supraglenoid tubercle 

the cranial portion of the scapulohumeral joint. 


915 . 


osieo- 


a n d c ro sses 

The tendon courses through the intertubercular groove oi 
the humerus and is held in 


a no m a 


position by the transverse 
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TABLE 35-15 


tion of endochondral ossification of the coronoid process 
leaves it vulnerable to cartilage degeneration, necrosis, and 
fissure formation; or (2) developmental elbow incongruity 
may play a role in the pathophysiology of FOP. Asynchro¬ 
nous growth of the radius and ulna (causing the ulna to be 
longer than the radius at some time during the growth 
process) may result in an increase in weight-bearing forces 
on the medial coronoid process, which precipitates Assuring 
and fragmentation* Also, trochlear notch dysplasia or mal¬ 
formation, resulting in joint incongruity, may contribute to 
mechanical overloading and fragmentation of the coronoid. 
Fissures that develop in the coronoid may or may not 
progress to fragmentation, resulting in a separate piece of 
cartilage and trabecular bone that is attached to the annular 
ligament with fibrous tissue. Separation occurs through cal¬ 
cified trabeculae that are then covered, in part, with a thin 
layer of fibrous tissue. 1 he end result is joint instability and 

development of degenerative joint disease* Cartilage of the 
opposing medial humeral condyle may be eroded by the 
loose coronoid fragment. Periarticular osteophytes increase 
and soft tissue fibrosis (elbow arthrosis) develops over time. 

DIAGNOSIS 

Clinical Presentation 

Signalment. Large dogs (Labrador retrievers, rottweil¬ 
ers, Bernese mountain dogs, Newfoundlands, golden retriev¬ 
ers, German shepherds, and chows) usually are affected. The 
disease process starts w r hen the animal is immature, with 
clinical signs first becoming apparent at 5 to 7 months of 
age. However, the dog may not be presented for evaluation 
until it is 1 to 2 years of age and has DJD. 

History* Forelimb lameness that worsens after exercise 
may be acute or chronic. Owners frequently complain that 
the dog is stiff in the morning or after rest. There may be a 
coincidental history of trauma. Some owners delay seeking 
veterinary help initially because the lameness is mild and 
they believe the animal wall “grow out of it 11 

Physical Examination Findings 

Lameness of one forelimb usually is evident. The gait may ap¬ 
pear stiff or stilted if bilateral lameness is present because the 
animal may walk with shortened steps. Palpation of the el¬ 
bows should include an evaluation of range of motion. De¬ 
creased ability to Ilex the elbow is indicative of DJD and may 
be one of the earliest signs of FCR Crepitation during elbow 
flexion and extension may be fell if DJD is present. Joint effu¬ 
sion and periarticular soft tissue swelling may be palpable. 
Manipulation of the joint is often painful, particularly when 
the medial coronoid process is palpated. It is important that 
the shoulder not be inadvertently flexed and extended during 
elbow manipulation to avoid mistaking shoulder pain for el¬ 
bow' pain. 

Radiography and Computed Tomography 

In 6-month-old puppies, clinical signs may not be supported 
by radiographic signs; however, by 12 months of age, clinical 
signs correlate well with radiographic evidence of elbow 
arthrosis (Read et ah, 1996). In many cases the diagnosis of 


Important Considerations for Treatment 
of Elbow Dysplasia 


* Elbow dysplasia is a set of diseases that include osteo¬ 
chondrosis, fragmented coronoid process, and ununited 
anconeal process, 

* There is strong evidence of a hereditary component in 
the etiology of elbow dysplasia, 

* Loss of elbow range of motion is evidence of degenera¬ 
tive joint disease; in immature large dogs this finding 
usually indicates the presence of elbow dysplasia, 

* Careful attention to positioning for radiographs is es¬ 
sential for the diagnosis of subtle lesions and for differ¬ 
ential diagnosis. 

* Both elbows should be radiographed. 

* Surgical removal of bone and cartilage pieces usually 
results in improved limb function. 

* Surgical treatment does not appear to alter the program 
sion of degenerative joint disease, and medical therapy 
often is necessary. 


dicate that they are genetically influenced, and evidence now 
indicates that canine elbow dysplasia, like hip dysplasia, is a 
polygenic trait, with both heredity and environmental influ¬ 
ences playing a part in its development. Selective breeding in 
Sweden has reduced the prevalence of elbow arthrosis in rot¬ 
tweilers and Bernese mountain dogs (Swenson, Audell, Hed- 
h am mar, 1997). Several groups have been organized to re¬ 
view elbow radiographs to determine the presence of elbow 
dysplasia (similarly to hip radiographs for hip dysplasia). In 
one study of submitted screening radiographs of Labrador 
ret r i evers, the b one dysplasia 1 esion most often detected was 

elbow dysplasia (3 7.8%), followed by hip dysplasia (12,6%) 
(Morgan, Wind, Davidson, 1999), 


NOTE • Caution owners to avoid breeding dogs 
affected with elbow dysplasia. 


FRAGMENTED CORONOID PROCESS 


DEFINITION 


Fragmented coronoid process is a separation of the medial 
coronoid process from the ulna that results in lameness and 
degenerative joint disease. 


SYNONYMS 


Ununited coronoid process , fractured coronoid process , elbow 
dysplasia, FCP 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


The etiology of fragmented coronoid process (FCP) is un¬ 
known; however, two theories have been proposed: (1) FCP 
may result from an osteochondrosis lesion in which disrup- 









1068 PART IV Or th oped i cs 


FCP is made on the basis of radiographic signs of degenera¬ 
tive joint disease. Radiographic views should include a stan¬ 
dard lateral ot the elbow (joint positioned at 90 degrees’ Hex- 
ion), flexed lateral (joint positioned at 45 degrees’ flexion) to 
expose the anconeal process, a standard craniocaudal view, 
and an oblique craniocaudal view made with the elbow 
flexed 30 degrees and slightly rotated medially (15 degrees) 
to evaluate the profile of the medial coronoid process (Fig, 
35-33). The radiographic beam should be centered on the el¬ 
bow for the most accurate assessment of joint congruiiy, Ra¬ 
diographs of both el bows should be made, because bilateral 
disease is common. Blunting of the medial coronoid process, 
visible fragments, and osteophytes associated with the core¬ 
process may be visible (Fig, 35-34). The fragmented 
process cannot always be observed, and the diagnosis may be 
made by inference from the presence of DJD. The earliest 
biographic sign that an animal with DJD may have frag¬ 
mented coronoid process as an underlying cause is the pres¬ 
ence of osteophytes on the anconeal process. Later signs 

include subchondral bone sclerosis, articular and periarticu¬ 


lar osteophyte formation, joint space narrowing, joint effii- 

and an increase in periarticular soft tissues. Joint in¬ 
congruity should be noted. 


NOTE * it often is necessary to sedate the dog to 
obtain quality radiographs. 


Computed tomography (CT scanning) is helpful for 
identifying FCP and can be used to evaluate other aspects of 
the articular surfaces for defects and incongruity (Fig. 
35-35). CT scans are often more accurate for identifying FCP 

plain radiographs. 

Laboratory Findings 

The results of hematologic and serum biochemical analyses 
are normal in most affected animals. The results of arthro- 
centesis may include decreased synovial fluid viscosity in¬ 
creased fluid volume, and increased numbers of mononu¬ 
clear phagocytic cells (up to 6000 to 9000 VVBCs/jul). 
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FIG 35-34 


A, Preoperafive radiographs of a dog with a fragmented 
coronoid process and degenerative joint disease. There is 
subchondral bone sclerosis caudal and distal to foe trochlear 
notch of the ulna farrows J. B, Radiographs of the seme dog 
8 years after surgical removal of the fragmented coronoid 
process. Note the progression of degenerative changes 

(arrowheads). 


A, For a craniocaudal radiograph of the elbow, position th 
dog in sternal recumbency with the elbow flexed 30 degrees 
and slightly medially rotated. For standard lateral (B) a n d 
flexed lateral (C) views, position the dog in lateral 
recumbency with the elbow against the cassette. 
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DIFFERENTIAL DIAGNOSIS 


flamed synovium, and biopsy of abnormal intraarticular 
tissue. 

Instrumentation. A 30-degree foreoblique 1.9- or 
2.4-mm arthroscope commonly is used in the elbow joint. 
Both sizes are easily inserted into the joint space without in¬ 
troducing significant damage to the articular cartilage. The 
surgeon must be aware of Lhe diameter of the arthroscope 
sheath (cannula), because it, too, must enter the joint. Each 
arthroscope cannula can be fitted with a blunt obturator or 
a sharp obturator (trocar point). Although either can be 
used to enter the joint, the blunt obturator is preferred be¬ 
cause it is safer. 

An assor tment of hand instruments is necessary for elbow 
arthroscopy (see also p. 1030), instruments to assist in the in¬ 
spection of intraarticular structures (probes), grasping for¬ 
ceps for removal of free bodies (FCP, OCD), biopsy forceps, 
and instruments for surface arthroplasty are recommended. 
Instruments commonly used for surface arthroplasty are 
hand-held burrs, curettes, or a motorized shaver. Instruments 
can be inserted into the joint through an open instrument 
port or instrument cannulas or a combination of the two. 
If one chooses to work through an instrument cannula, 
different-size cannulas and switching sticks are necessary. 

Portal sites and technique. Clip and prepay the 
a rea os if an open arth ra to my were to be performed so that 
the arthroscopy procedure can be aborted and an open 
a rth ratomy per fa rmed i f neces so ry 


Other conditions affecting the elbow of immature dogs 
(OCD, ununited anconeal process [UAP], combined UAP 
and FCP, and subhixation resulting from premature physeal 
closure) may produce similar clinical signs and must be dif¬ 
ferentiated from FCP. Other diseases that affect the fore limb 
of young growing dogs (OCD of the shoulder, panosteitis) 
should also be differentiated from FCP. These conditions 
usually can bedIfferentiated radiographicaliy. 


MEDICAL OR CONSERVATIVE 

MANAGEMENT 


Dogs with mild clinical signs and radiographic evidence of 
advanced DJD should he treated for DJD (see p, 1034). Many 
dogs with radiographic signs of DJD are asymptomatic and 
remain so for several years. Although owners should he ap¬ 
prised of the problem, they should also be reassured that the 
dog may function quite well as a pet with minimal treatment 
(see Table 35-15). When the dog is lame, confinement to a 
cage or run for 2 to 3 weeks, coupled with antiinflammatory 
drug therapy (see Table 35-3), maybe required tor analgesia 
and control of synovial inflammation. After the inflamma¬ 
tory phase of the disease has been brought under control, 
moderate regular exercise is important for maintaining mus¬ 
cle strength; however, exercise should he increased slowly 
to avoid causing lameness before muscle support has been 
established. 


Arthroscopy of the Elbow 

Indications. Elbow arthroscopy is most commonly used 
for diagnosis, treatment, and prognosis of elbow dysplasia. 
Further indications for arthroscopic surgery of the elbow in¬ 
clude treatment of osteochondritis dissecans, biopsy of in- 


This occurs more often when the surgeon is beginning 
to learn arthroscopy. One of two methods for limb preparation 
may be used, depending on the limb maneuverability desired. 


if you wish to have m axlmum maneuverabilsty of the limb 
during surgery ; use a hanging limb preparation. As you be¬ 
come more experienced and adept of elbow arthroscopy , 
less maneuverability is needed , and you may wish to per¬ 
form a medial limb preparation for each limb. However ; per¬ 
form th e medial li mb p re pa rats on s uch tha t an open proce¬ 
dure can be performed if needed[ Use two or three portal 

sites for elbow arthroscopy , depending on the purpose of 
arthroscopic intervention , If visual exploration of the shoul¬ 
der joint is all that is required, use an egress portal and an 
arthroscope portal If tissue biopsy or treatment of a patho¬ 
logic joint condition is undertaken, use an additional instru¬ 
ment portal Position the dog in dorsal recumbency ; because 
both e/bows may need intervention . As one elbow is oper¬ 
ated on, lean the body toward that limb . Position the limb 
such that the elbow joint can be centered over the edge of 


the table (padded). 


This allows the assistant to externally rotate the paw and 
apply a valgus stress to the limb. These maneuvers help open 
the medial joint space, allowing Increased mobility of the 
arthroscope and instruments. 

As with other joints , accurate placement is essentia/ for the 
egress , arthroscope > and instrument portals . Establish the 


lear 


log 


m 35*35 

Computed tomography (CT) scan showing in situ 
chondromalacia of the medial coronoid (arrows). 


d 
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serf the needle perpendicular to the joint line apprax/mdeM 
} cm caudal and 0.5 cm distal to the medial eplcondyle. I 

Once the joint is entered, fluid will flow from the needle, 
confirming proper placement in the joint. 

Use □ No. 1 l Bard-Parker blade to make a small entry 
wound through the skin and superficial soft tissues adjoml 

to the needle. I 


egress portal first (Fig. 35-36), then the arthroscope portal 
(Fig. 35-37) t and finally the instrument portal. Establish the 
egress porta/ by inserting 
tween the medial epicondyloid ridge and the ridge of the 
anconeaI graces s. Once th e needle is in place , aspirate joint 
fluid to ensure proper positioning of the needle in the joint. 
Instill lactated Ringers solution through the needle to distend 
the joint. With the joint distended, use a second needle to 

determine the correct position of the arthroscope ported in¬ 


18- or 20-gauge needle be¬ 


an 


it is not advisable to enter the joint with the scalpel blade, 
because extravasation of fluid from the joint cavity is more 
likely if the blade enters the joint. 

Remove the needle and insert the arthroscope cannula wfn 
the attached blunt obturator. Once in the joint f remove fne 
obturator from the cannula. ■ 


Fluid will flow freely from the cannula, confirming cor 


reel placement. 


Attach the fluid ingress line to the cannula and insert tfie 

or th roscop e . 1 

If treatment of a pathologic joint condition (FCP f OCDJor 

biopsy of intraarticular structures is required, establish amfi- 
strument portal approximately 1 to 2 cm cranial to the 

arfh roscope portal . 


This distance is only an approximation, because it \vj] 


vary with the size of the dog. 


FIG 35-36 

Specimen showing the location of the egress portal into the 
condylar fossa. 


Learn to triangulate the instrument portal relative to fa 

arthroscope portal for best results. To triangulate 
tion for the instrument portal t position the arthroscope 
to view the medial coronoid process. Insert a 20 gov 
needle at the estimated position for the instrument po 
Insert the needle perpendicular to the skin surface or & 

'maintain this orientation as 
tissues. As the needle enters the joint, observe it on he 
monitor. The most common reason for not seeing the nee - 
die as it enters the joint is crossing the needle I 
the scope . This is caused either by inserting the 
too close to the arthroscope portal or by inserting the nee-1 
die such that the point is angled toward the arthroscope, 
Once the position of the instrument portal has been cm 
firmed by the tnangulation needle f make a 3-mm jhcisfOfi- 
through the skin and superficial soft tissues, if woffcrig 
through an open instrument portal f /engthen the inemtin 
(4 to 6 mm) and carry it into the joint: If working thro 

an instrument cannula, do not lengthen the mdsbri 
do n of carry it i n to th e jo in t. _ 

appropriate obturator into the joint Use swi 
to place increasing-sized cannulas and instruments, fe¬ 
ta e frag men ts and per form s urface arta 

cannulated instrument porrf 


iL*qe 


it passes through the soli 


-saffi 


i d 


Instead, ins ert a ca n nula rfi 

itching 


FIG 35-37 

Specimen showing the location of the arthroscope portal 
site. The position is caudal to the medial epicondyle at the 
level of the joint line., 


move in situ or 


plasty through the open 


or 


(Fig. 35-38 j. 
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SURGICAL TREATMENT 


SURGICAL TECHNIQUES 


Affected animals are candidates for surgery when they are 
persistently lame and have mild degenerative changes. Occa¬ 
sionally, animals with advanced DJD and persistent lame¬ 
ness not amenable to medical therapy may benefit from joint 
exploration and removal of a loose fragment. However 
peal treatment does not halt the progression of DID, and 
continued medical therapy may be required in these pa¬ 
tients, There does not appear to be any correlation between 
the severity of lameness before treatment, the severity of ra- 

r ri 

diographic signs, and the type of lesion found at surgery. 
Surgical treatment does not appear to reduce the incidence 

of lameness compared with medical therapy; DJD progresses 
with either treatment* 


Exposure of the medial coronoid process can be obtained 
with one of several techniques* Tenotomy of the pronator 

teres muscle and incising the medial collateral ligament offer 
good exposure but at the expense of the supporting struc¬ 
tures. A muscle-splitting technique has been proposed that 
preserves the joint s supporting tendons and ligaments but 
limits exposure* Osteotomy of the medial epicondyle pro¬ 
vides the best exposure, but it requires implantation of a lag 

screw or wire to replace the epicondyle and is associated with 
more postoperative complications* Concurrent ulnar os¬ 
teotomy (see p. 1073 and 1085) has been proposed as a sal¬ 
vage procedure for treating mature dogs with osteoarthritis 
and as an adjunct to FCP removal in immature dogs* The 
procedure allows rotation of the proximal ulna, relieving ab¬ 
normal contact of the humero ulnar joint (Ness, 1998), How¬ 
ever, it remains to be proven if this technique affords a bet¬ 
ter outcome than fragment removal alone. 


, sur- 


* 


Preoperative Management 

Most affected animals are young and require minimal pre- 
operative workup. 

Anesthesia 

These dogs usually are young and generally healthy, and a 

variety of anesthetic regimens may be used (see p* 824)* 

Surgical Anatomy 

Landmarks for the surgical incision include the medial epi- 
condyle, epicondyloid crest, and proximal radius* The me¬ 
dian nerve and brachial artery and vein course eranially to 
the medial epicondyle. The ulnar nerve courses caudally to 
the medial epicondyle, over the anconeus muscle. The me¬ 
dian nerve and brachial artery and vein are visible in the sur¬ 
gical field and must be identified and protected. 

Positioning 

The limb is prepared from shoulder to carpus. The dog is 
positioned in dorsal recumbency with the affected limb sus¬ 
pended for draping. The limb is then released to allow access 
to the medial surface of the elbow. 


Exposure of the Medial Coronoid Process 
via Transection of the Pronator 
Teres Muscle 


e 


incision on the medial surface of the joint t starting 
of the medial epicondylar crest and extending distally over 

the medial epicondyle to the proximal radius. Protect the 

dian 


an 


>r 


ma¬ 
nor ve and brachial artery. Transect the pronator teres 
tendon. Make an incision to the humeral condyle through the 
joint capsule and collateral ligament to expose the joint (Fig. 
35-39). identify the coronoid process and any lesions on 

the medial humeral condyle. Remove the coronoid fragment . 


7- 


\e 


When removing the coronoid fragment, the line of cleavage 

of the fragment may not be readily visible and may require 
prying with an elevator to allow identification. In chronic cases 
osteophytes may obscure the line of cleavage and must be re¬ 
moved with a rongeur to allow identification of fragments. 


ie 


Si¬ 


ne 


ge 


at . 


nd 


Use rongeurs to remove the base of the media/ coron 

that it matches the level of the radial head 4 This 

eliminates the excessive forces on the media/ coronoid 
process that are present when incongruities in radial and ul¬ 
nar length exist Close the wound by suturing the joint cap¬ 
sule with simple interrupted absorbable sutures * Place sev¬ 
eral nonabsorbable sutures in 
Reattach the pronator teres tendon with a 
ing-loop nonabsorbable suture (see p. I 162). Suture the fas¬ 
cia , r subcutaneous tissue , and skin in separate layers , 


oft 


he 




ith 


die 


ee- 


the collateral ligament 


pe. 


Bunnell or lock¬ 


ing 


ton 


jgh 


Exposure of the Medial Coronoid Process 
via Muscle Splitting 

incise the skin and subcutaneous tissues as described above. 

identify the demarcation be tween the flexor carpi radial is and 
superficial digital muscles and separate and retract them. Ex¬ 
pose the pint capsule and incise it parallel to the muscle- 
splitting incision to expose the coronoid process (Fig. 35-40). 


vifh 


Re- 


iro- 

?rfa/ 


FIG 35-30 

Arthroscopic view showing a fragmented medial coronoid 

process. 
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FIG 35-39 


of transaction of the pronator 


the media! aspect of the elbow joint bv means « 

skin incision on the medial surface of th 

nd extending distaliy over 


co 


joint starting at the 


e 


muscle, make a 
epicondylar crest a 


edial epicondyle, B, Gen 


cramally. C 


and brachial artery and vein 


PI 
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ian 


capsule and 


condyle through the joint 

D y Remove the fragment. 


and make an incision parallel to the humera 

collateral ligament to expose the fragmented 
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Medial 

epicondyle 


TABLE 35-16 


/ 


/ 


/ / 


Important Information for Clients with Dogs that Have 


/ 




/ 


M 


/ 


Elbow Dysplasia 


i 


' \ / 


A 


capsule 

incised 




/ 


\ 
1 i 


> 


/ 


S5S8S 


ere is strong evidence for a hereditary component in 
the etiology or fragmented coronoid process and osteo¬ 
chondrosis, 

• Bilateral elbow radiographs should be made because 

auency of bilateral disease; however, unless 
i\ shows clinical signs, surgery of the opposite 


. 


\ 
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it 
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■M 


MX 


\ 
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\ 


»■ i 


\ 


I 

R 


\ 


the anima 
limb is not performed. 

* Surgical removal of the bone and cartilage pieces usu¬ 
ally results in improved function of the limb if the dog is 
treated before extensive secondary degenerative 
changes occur in the joint. 




Ml 




-« ' 


l ; 


FI exo r c a rpi 

radi a i is 
muscle 




is confined and exercise is limited 
leash for 2 to 4 weeks, 

* Surgical treatment does not appear to alter the progres¬ 
sion of degenerative joint disease (DJD); if the elbow is 
incongruent, changes may be moderate or severe, and 
the dog may require medical therapy after 


* After surgery the dog 
to short walks on a k 


! 


Superfid at 
digital flexor 
muscle 


Trochiear 
notch of ulna 


FIG 35-40 


To expose the medial aspect of the elbow joint us in 
muscle-splitting approach, identify the demarcation between 
the flexor carpi radialis and the superficial digital muscles 


surgery, 

* Dogs usually function well as pets with DJD of the el¬ 
bow, but they may not be appropriate as working or 
competitive sporting dogs. 


i 


a 


and separate and retract them. Expose the joint capsule and 


incise it parallel to the muscle-splitting incision to expose the 
coronoid process. 
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Remove the fragmented coronoid os described above . Suture 

pfed absorbable sutures , Suture 
the fascia f subcutaneous tissue , and skin in separate layers , 

Ulnar Osteotomy 

See p, 1085 for the approach for ulnar osteotomy. Make 
Irons verse o s teotomy and do not i n serf a p in; th is a Hows th e 
proximal ulna to rotate caudomedially 
contact at the medial coronoid ridge , 


the joint capsule 


a 


relieving the joint 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


An Oschner forceps is useful for grasping the 11 ap, and an os¬ 
cillating bone saw facilitates ulnar ostectomy. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


The limb may be bandaged after surgery for up to 1 week 
to provide soft tissue support, ami the animal should be 
confined for 4 weeks. Gradual return to full activity is rec¬ 
ommended. 


OSTEOCHONDRITIS DISSECANS 
OF THE DISTAL HUMERUS 


PROGNOSIS 


The prognosis for return to full function is guarded because 
ol progressive DJD, which develops regardless of the treat¬ 
ment method; however, most dogs function as pets and arc 
only intermittently lame (Table 35-16). Recurrent lameness 
can be treated with antiinflammatory drugs and analgesics 
(see p. 1024), Possible surgical complications include iatro¬ 
genic infection and soft tissue irritation by implants. 


mmm 


■■■■■■■■■■■■ 


DEFINITIONS 


Osteochondrosis is a disturbance in endochondral ossifi¬ 
cation that leads to retention of cartilage; it occurs com¬ 
monly in the shoulder, elbow, stifle, and hock of immature 
large dogs. Osteochondritis dissecans occurs when fissure 


















1074 PART IV Orthopedics 


bilateral lameness. Pain may be elicited on elbow extension 
and on lateral rotation of the forearm. Palpation of the el¬ 
bows should include an evaluation of range of motion. A 
decrease in the animal's ability to flex the elbow is indica¬ 
tive of secondary DID, Crepitation during elbow flexion 
and extension, joint effusion, and periarticular swelling 
may be noted if DJD is present. It is important that the 
shoulder not be inadvertently flexed and extended during 
elbow manipulation to avoid confusing shoulder pain and 

elbow pain. 

Radiography 

Radiographic views should include a standard lateral of the 
elbow, a flexed lateral to expose the anconeal process, and a 
craniocaudal view (see Fig, 35-33). Radiographs of both el¬ 
bows should be made because bilateral disease is common. 
Oblique views may be necessary to demonstrate the lesion 
the humeral condyle. Definitive radiographic diagnosis 
of OCD is made when a radiolucent concavity is observed 
on the distal trochlear ridge of the medial humeral condyle 
(Fig. 35-41), Radiographic signs of secondary DJD are 
similar to those seen with fragmented coronoid process (see 

p. 1068 ), 


formation in the abnormal cartilage leads to development of 
a flap of cartilage. A loose flap of cartilage in the joint is a 

joint mouse. 


SYNONYMS 


Osteochond ros i >, OCD 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Osteochondrosis (OCD) begins with a failure of endochon¬ 
dral ossification in either the physis or the articular epiphy¬ 
seal complex, which is responsible for formation of meta¬ 
physeal bone. Osteochondrosis has been implicated in the 
pathophysiology of osteochondritis dissecans, fragmented 
coronoid process, and ununited anconeal process of the el¬ 
bow. The etiology is unknown, but genetic factors, rapid 
growth, over nutrition, trauma, ischemia, and hormonal fac¬ 
tors are possible causes. Failure of endochondral ossification 
leads to cartilage thickening. Because developing cartilage is 
nourished initially by synovial fluid and later by vasculariza¬ 
tion through subchondral bone, increased cartilage thick¬ 
ness may result in malnourished, necrotic chondrocytes. 
Chondrocyte loss deep in the cartilage layer leads to forma¬ 
tion of a cleft at the junction of calcified and noncalcified tis¬ 
sues. Subsequent trauma caused by normal activity can lead 
to development of vertical fissures in the cartilage; eventu¬ 
ally the fissures communicate with the joint, and a cartilage 
Hap is formed. This communication allows cartilage degra¬ 
dation products to reach the synovial fluid, where they may 

joint inflammation. OCD does not cause apparent 
clinical signs until a loose flap of cartilage develops, fhis 
loose body of cartilage does not ossify. Degenerative joint 
disease (DJD) of the elbow is the final outcome. 

With OCD of the distal humerus, a flap of cartilage cov¬ 
ering a defect in the surface of the trochlear ridge of the me¬ 
dial humeral condyle usually is seen. Opposing joint carti¬ 
lage of the coronoid process may be eroded. Histologic 
examination of the lesion confirms that the flap consists of 
cartilage, that subchondral bone trabeculae in the defect are 
thickened, and that bone marrow fibrosis is present. 


on 


NOTE • You may need to sedate the animal to ot 

tain qualify radiographs. 


cause 






DIAGNOSIS 

Clinical Presentation 

Signalmen!* Affected dogs usually are large (Labrador 
retrievers, golden retrievers). The usual age ol onset of lame¬ 
ness is 5 to 7 months. 

History, Forelimb lameness that worsens after exercise 
may be acute or chronic. Owners frequently complain that 
the dog is stiff in the morning or after rest. There may be a 
coincidental history of trauma. Some owners delay seeking 
veterinary help initially because the lameness is mild and 

they believe the animal will grow out of it,” 

Physical Examination Findings 

Lameness of one forelimb usually is evident The gait may 
be stiff or stilted if forelimb steps are shortened because of 


FIG 35-41 

Radiograph of an elbow with osteochondritis dissecans ol 
the media! portion of the humeral condyle. There is a 
radiolucent defect in the humeral condyle directly above he 
medial ulnar coronoid process {arrow). I 
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Laboratory Findings 

The results of hematologic and serum biochemical analyses 
are normal in most affected animals. The results of arthro- 
centesis may include decreased synovial fluid viscosity, in¬ 
creased fluid volume, and increased numbers of mononu¬ 
clear phagocytic cells (up to 6000 to 9000 WBCs/jjlI), 


joint's supporting tendons and ligaments but limits expo- 

(see p. 107 lj. 


su re 


Regardless of the technique used for exposure 
medial condyle of the humerus and remove the flop of carti- 

frag meats of cartilage from the 


examme 


lage. Curette only to remove 
edges of the lesion. Repeatedly flush the joint to remove any 
II frogmen Is. In sped th e corona id process and re m ove i t 
i f fra gm en ted (seep. 1071 J , 


DIFFERENTIAL DIAGNOSIS 


sma 


0CD must be differentiated from fragmented com no id 
process (TCP), ununited anconeal process (UAP) 1 combined 
UAP and TCP, and other diseases of young, growing dogs 
that affect the forelimb (e.g., OCD of the shoulder, panos¬ 
teitis) and may produce similar clinical signs. These diseases 
are usually differentiated radiographically. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


An Oschner forceps is useful for grasping the flap, and a 
bone curette is needed to curette the defect. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


The Jimb may be bandaged after surgery for up to 1 week 
to provide soft tissue support, and the animal should be 
confined for 4 weeks. Gradual return to normal activity is 

recommended. 


Dogs that have radiographic abnormalities but no symp¬ 
toms do not require treatment. Medical therapy (see 
p. 1024) generally is used to treat occasional lameness. After 
lameness has subsided or resolved, exercise should be grad¬ 
ually increased to strengthen the surrounding musculature. 
Weight control is also important in the management of this 

disease. 


PROGNOSIS 


Dogs treated conservatively for OCD of the distal 
humerus usually have continued intermittent lameness 

and progressive DID. Dogs treated surgically for OCD of 
the distal humerus usually have improved limb function; 
however, lameness may be evident after exercise. DJD usu¬ 
ally is present and requires medical treatment (see above), 
but most dogs are functional pets and are only intermit¬ 
tently lame. Iatrogenic infection is a possible surgical 

complication. 


Arthroscopy 

Arthroscopy of the elbow joint is discussed on p. 1069. 


SURGICAL TREATMENT 


Surgical removal of the cartilage flap is recommended in 
young animals when the disease is diagnosed before the on- 
set of DJD and can also be helpful in treating animals with 
chronic moder a te t o severe I am en ess. 


NOTE * Be sure to warn owners that most affected 
dogs will have progressive DJD despite surgery. 


Preoperative Management 

Most affected animals are young and require minimal pre- 
operative workup. 

Anesthesia 

These animals are usually young and healthy, and a variety of 
anesthetic regimens can be used (see p. 824). 

Surgical Anatomy 

For the pertinent anatomy of the elbow joint, see p. 1071, 

Positioning 

The limb is prepared from shoulder to elbow. The dog is po¬ 
sitioned in dorsal recumbency with the affected limb sus¬ 
pended for draping. The limb is then released to allow access 
to the medial surface of the elbow. 




Sugges t ed read ing _ 

Bouck GR. Miller CW, Teues CL: A comparison of surgical and 
medical treatment of fragmented coronoid process and osteo¬ 
chondritis dissecans of the canine elbow, Vet Comp Orthop 
Trauma 8:177,1995. 


UNUNITED ANCONEAL PROCESS 


DEFINITION 


SURGICAL TECHNIQUES 


Ununited anconeal process is a disease of large growing 
dogs in which the anconeal process does not form a bony 
union with the proximal ulnar metaphysis. 


Exposure of the medial portion of the elbow joint can be ob¬ 
tained with several techniques. Tenotomy of the pronator 
teres muscle and incising the medial collateral ligament offer 
good exposure at the expense of the supporting structures 
see p, 1071). A muscle-splitting technique preserves the 


SYNONYMS 

Elbow dysplasia t UAP 


\e 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


The anconeal process arises as a secondary center oi ossifica¬ 
tion in the elbow at I 1 to 12 weeks of age. It does not fuse to 
the ulna until 4 to 5 months of age> therefore, the diagnosis 
of ununited anconeal process (UAP) cannot be made before 
that age, Several theories have been prop ose d for t he etio 1 logy 
of UAP. One is that ununited anconeal process may be a 
manifestation of osteochondrosis (OCD) in which failure of 
timely endochondral ossification ol the attachment of the 
anconeal process to the ulna leads to thickened cartilage, 
necrosis, and fissures. The stress of weight bearing on this 
abnormal cartilage then causes failure of uina unification* 
Other possible etiologic factors include heredity, hormonal 
influences, nutrition, and acute or chronic trauma. 

More recently, developmental joint incongruity has been 
theorized to cause increased pressure or trauma to the an- 
coneal process. Trochlear notch malformation and disparate 
radius and ulnar lengths (he., a longer radius in relationship 
to the ulna) have both been incriminated in the develop¬ 
ment of UAP. Pressure of the trochlear notch against the 
humeral condyles may cause a shearing stress on the an¬ 
coneal process, resulting in a fracture, or simply may provide 
enough stress to prevent fusion. The un united anconeal 
process may be free within the joint, but in most cases it is 
attached to the ulna with fibrous tissue. Ununited or frac¬ 
tured anconeal processes are unstable and result in second¬ 
ary degenerative joint disease. Pathologic changes include 
joint effusion, chondromalacia, periarticular fibrosis, and 
osteophyte formation. 


PIG 35-42 

A flexed lateral radiograph of an elbow with an ununited 
anconeal process. There is a lucent, irregular line between 
the anconeal process and the olecranon (white arrow}, with 
subchondral bone sclerosis of the olecranon, 


Radiography 


Radiographic views include a standard lateral of the elbow, a 
flexed lateral to expose the anconeal process, and a cranio- 
caudal view of the elbow made while the elbow is flexed 30 
degrees and slightly rotated medially {see Fig* 35-33). Radi¬ 
ographs of both elbows should be made because bilateral 
disease occ li rs in 20% to 35% of cases. UAP is visible as a lu¬ 
cent, indistinct Hue separating the anconeal process from the 
ulna. It is best visualized on the flexed lateral view (Fig. 
35-42). Concurrent fragmented medial coronoid process 
(FCP) can occur. Signs of DJD may include subchondral 

bone sclerosis, articular and periarticular osteophyte forma¬ 
tion, joint space narrowing, joint effusion, and an increase in 
periarticular soft tissues. l 


DIAGNOSIS 

Clinical Presentation 

Signalment. Large- to giant-breed male dogs are most 
commonly affected* The usual age of presentation is 6 to 12 
months. Some older animals may be seen for lameness 
caused by secondary DJD. 

History* The history generally is one ot intermittent 
lameness of one or both forelimbs that worsens after exer¬ 
cise. Owners frequently complain that the dog is stiff in the 
morning or after rest. 

Physical Examination Findings 

Lameness of one forelimb usually is evident* The gait may be 
stiff or stilted because elbow range of motion is decreased. 
This causes the elbow to circumduct laterally during the 
swing phase of the gait. The dog may sit and stand with the 
paw externally rotated. If DJD is present, there may be crepi¬ 
tation during elbow flexion and extension. Joint effusion 
and periarticular soft tissue swelling may be palpable. The 
animal may experience pain during joint manipulation, par¬ 
ticularly during palpation over the anconeal process. It is im¬ 
portant that the shoulder not be inadvertently flexed and ex¬ 
tended during elbow manipulation to avoid mistaking 
shoulder pain for elbow pain. 


1 


NOTE * Be sure the animal is old enough for phy- 
seal closure before diagnosing UAP. 
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Laboratory Findings 

The results of hematologic and serum biochemical analyses 
are normal in most affected animals. The results of arthra* 
centesis may include decreased synovia! fluid viscosity, in¬ 
creased fluid volume, and increased numbers of mononu¬ 
clear phagocytic cells (up to 6000 to 9000 WBC/glj. 
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DIFFERENTIAL DIAGNOSIS 


str 


Differential diagnoses include OCD, FCP, combined L AP 
and FCP, and other diseases of young, growing dogs that ai- 
fect the forelimb (i*e„ OCD of the shoulder and panosteitis). 
These diseases can usually be differentiated radiographically, 
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MEDICAL MANAGEMENT 


Dogs less than 5 or 6 months old when seen for possible 
UAP may be treated with confinement and limited exercise* 
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Follow-up radiographs should be made monthly to docu¬ 
ment either fusion of the anconeal process or 
Medical therapy generally is 
established DID, Surgical removal of the anconeal process 
after extensive development of DID does not stop the pro¬ 
gression of osteoarthritis. Lame animals may be treated with 
confinement and NSAIDs (see Table 35-3), After the lame- 
has subsided, exercise should be gradually increased to 
strengthen the surrounding musculature. Weight control is 
important component of conservative therapy in UAP. 
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SURGICAL TREATMENT 


A 






\\\ 


Surgical removal of the anconeal process has been the stan¬ 
dard treatment if UAP is diagnosed before the onset of exten¬ 
sive DID despite concerns about the loss of normal joint con- 
gruity Surgical reduction and lag screw fixation of the 
anconeal process have been reported sporadically over the 
past 30 years, but the outcome is not uniformly successful, and 
implant failure can occur. Ulnar osteotomy has been recom¬ 
mended to relieve pressure on the anconeal process, allowing 
spontaneous healing of the fragment to the ulna in immature 
dogs. This procedure initially was proposed for treatment of 
chondrodystrophic dogs but more recently has been applied 
to other dogs wit h UA R Ulnar osteotomy maybe used con¬ 
currently with lag screw fixation of the anconeal process. 


K 


'thih 


Anconeal 

process 


FIG 35-43 


For o lateral approach to the caudal compartment on the 
elbow, make a skin incision starting proximal to the lateral 
humeral eplcandyle and curving to follow the epicondylar 
crest. End the incision over the proximal portion of the 
radius. Incise the anconeus muscle and joint capsule along 
the epicondylar crest and retract them caudally to expose 
the anconeal process. 


Preoperative Management 

Most affected animals are young and require minimal pre- 
operative worku p. 

Anesthesia 

These animals are usually young, and a variety of anesthetic 
regimens can be used (see p. 824)* 

Surgical Anatomy 

Landmarks for the skin incision when performing a lateral ap¬ 
proach for removal of an ununited anconeal process include 
the lateral humeral epicondyle, epicondylar crest, and proxi¬ 
mal radius* The deep branch of the radial nerve runs under 
the proximal cranial border of the extensor carpi radialis mus- 
de, The superficial branch of the radial nerve ties between the 
lateral head of the triceps and the brachiaiis muscle and can be 
visualized in the proximal portion of the incision. Landmarks 
for the combined medial approach are the medial epicondyle, 
I epicondylar crest, and proximal radius. The median nerve and 

I brachial artery and vein course cranial to the medial epi- 
condyle and run under the pronator teres muscle. These 
structures must be identified and protected. The ulnar nerve 
courses caudal to the medial epicondyle, over the anconeus 
muscle, and is visualized during the medial approach to the 
anconeal process. The landmark for ulnar osteotomy is the 
caudal border of the ulna, which is easily palpated. 

Positioning 

For a lateral approach to the elbow, the animal is positioned 
"lateral recumbency, whereas for a medial approach and 


for ulnar osteotomy the animal is positioned in dorsal re¬ 
cumbency, The limb should be suspended for 
dlitate limb manipulation during surgery. 


s 


1 


n 


SURGICAL TECHNIQUES 

Removal of the Anconeal Process: 

Lateral Approach 

Make an incision in foe skin, starting proximal to the lateral 

humeral epicondyle. Curve foe incision to follow foe eph 

the proximal portion of the 


condylar crest and end it over 
radius, Incise the subcutaneous tissues to expose the cranial 
border of the lateral head of the triceps muscle . Retract the 
cranial border of the triceps muscle caudally to expose th 

muscle . Incise foe anconeus muscle and joint cap- 
long the epicondylar crest and retract them caudally 

the anconeal process (Fig. 35-43). Grasp the 

Oschner forceps and re- 


;es 


e 


o 


anconeus 

s ule a 
to expose 
process with towel forceps 

move it. 


lu- 


or an 


A? 


Fibrous tissue attachments to the ulna may have to be in¬ 
cised before the anconeal process can be mobilized. 


af- 


i s). 

ally. 


If necessary smooth the remaining bone surface with a file. 

Flush the joint Suture foe / oi n t capsule and anconeus J MR 

muscle . Suture the subcuta 


m u sde 


to the extensor carpi radialis 
neous tissues and skin in separate layers. 


bble 

cise. 
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Removal of the Anconeal Process 
and Medial Coronoid Process: 

Combined Medial Approach 

Expose the medial coronoid process using one of the tech¬ 
niques described on p. 107 L After closing the cranioniedial 
compartment o f the elbow f approach the caudomedial com¬ 
partment by retracting the ulnar nerve cranicily and expos¬ 
ing the cranial border of the medial head of the triceps mus¬ 
cle. Retract the triceps mu sc/e caudally to expose the caudal 
border of the media! epicondylar crest and origin of the an¬ 
coneus muscle. Incise the anconeus muscle and joint capsule 
parallel to the medial epicondylar crest , leaving 2 to 4 mm 
of tissue attached to the crest for closure (Fig. 35-44). Re¬ 
move the anconeal process. Suture the anconeus muscle and 
joint capsule in one layer to close the joint , 

Ulnar Osteotomy 

Make a skin incision along the caudal border of the ulna , 
beginning medial to the tuber olecranon and ending at the 
middiaphysis of the ulna. Incise the subcutaneous tissues and 
fascia along the some line. Incise the attachments of the 
flexor carpi ulnaris and ulnaris lateralis muscles along the 
medial and lateral borders of the ulna and elevate the mus¬ 
cles to expose the joint capsule. Make a transverse os¬ 
teotomy of the ulna 20 to 30 mm distal to the trochlear notch 

with an oscillating saw or Gigli wire. A gap should occur at 
the osteotomy site, if necessary, elevate the interosseous lig¬ 
ament to free the proximal ulna so that it can move into po¬ 


sition. Remove a 2- to 4-mm section of the ulna if there is 


that the osteotomy will heal before the dog has 


concern 

stopped growing. Suture the flexor carpi ulnaris fascia to the 
ulnaris lateralis fascia over the caudal border of the ulna: 


Suture the subcutaneous tissue and skin separately 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


An (Aschner forceps Is useful lor extracting the ununited an¬ 
coneal process. Rongeurs and bone files are used to smooth 
the area, A Gigli wire or oscillating saw is needed for ulnar 
o steoto my. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Immediate postoperative radiographs should be made if im¬ 
plants a re u s ed ♦ Th e 1 i nr b m ay b e ba n d age d after s urgerv for 
up to 1 week to provide soft tissue support, and the animal 
should be confined for 4 weeks. Repeat radiographs are rec¬ 
ommended 6 weeks after surgery if an osteotomy was per 
formed. 


PROGNOSIS 


The prognosis for dogs with UAP is guarded for normal limb 
function because secondary D| D will occur* The prognosis 
for limb function is good in most dogs less than 1 year old 
when treated surgically by removal of the anconeal process. 
However, despite treatment, loss of range of motion, crepi¬ 
tation, and progressive DJD occurs* Ulnar osteotomy re 
suited in radiographic evidence of fusion of the anconeal 
process in 15 of 22 affected joints in a case series of predom¬ 
inantly young German shepherds (Sjostrom, 1995) but was 
less successful (radiographic evidence of fusion in 5 of 23af¬ 
fected joints) in a second series of a mixed population of 
dogs that were slightly older (Turner el al., 1998). Possible 
surgical complications include iatrogenic infection* 
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NOTE * Counsel owners about the probability of 
progressive DJD in these dogs even after surgery. 
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FIG 35-44 

For a medial approach to the caudal compartment of the 
elbow, retract the ulnar nerve cran tally and the triceps 
muscle caudatly to expose the caudal border of the medial 
epicondylar crest and the origin of the anconeus muscle. 
Incise the anconeus muscle and joint capsule parallel to the 
medial epicondylar crest to expose the anconeal process. 
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Chapter 35 Diseases of the Joints 


Radiography 


TRAUMATIC ELBOW LUXATION 


Lateral displacement of the radius and ulna is apparent on a 
craniocaudal view of the elbow (Tig. 35-45). The lateral view 
shows an uneven joint space between the humeral condyle 
and radius and ulna. Avulsion fractures of the medial or 


DEFINITION 


Traumatic elbow luxation usually is associated with disrup¬ 
tion of the elbow joint because of lateral displacement of the 
radius and ulna with respect to the humerus. 


SYNONYM 


Dislocated elbow 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Trauma to the elbow that results in rupture or avulsion of 
one or both collateral ligaments allows luxation of the radius 
and ulna (Table 35-17). The radius and ulna usually luxate 
laterally, because the large medial condyle of the humerus 
generally prevents medial luxation. The bone to which the 
collateral ligaments attach may be avulsed, or rupture of the 
ligaments may occur. In severe injuries the origins of the ex¬ 
tensor or flexor muscles may be ruptured or avulsed from 
the humeral condyle as well. Damage to the cartilage may 
occur at the time of injury. Chronic luxation results in chon¬ 
dromalacia, articular cartilage destruction, and secondary 
degenerative joint disease. 


DIAGNOSIS 

Clinical Presentation 

Signalmenh Any age or breed of dog may be affected, 
but traumatic elbow r luxation is rare in cats. Immature ani¬ 
mals tend to have physeal fractures rather than traumatic 
luxation. 

History- The history usually includes trauma, such as a 
vehicular or dogfight encounter. The animal usually is 
acutely lame on the affected limb. 


Physical Examination Findings 

Affected dogs are unable to bear weight on the affected limb, 
and the elbow is carried in a flexed position. The forelimb is 
abducted and externally rotated. Palpation of the elbow re¬ 
veals a prominent radial head, indistinct lateral humeral 
condyle, and lateral displacement of the olecranon. Most an¬ 
imals are in pain and resist elbow extension. 


ABLE 35-17 


Important Considerations in Traumatic Elbow Luxation 


* Closed reduction of the elbow should be attempted as 
soon as possible. 

* The stability of the elbow should be carefully evaluated 
after reduction. 

* The elbow's response to trauma is degenerative joint 
disease and diminished range of motion. 

* The prognosis is good if the elbow is quickly reduced 
and stabilized, 


FIG 35-45 

Craniocaudal (A) and lateral (B) radiographs of a luxated 
elbow in a dog. The radius and ulna are luxated laterally. 
On the lateral view, there is loss 
space. C, Open reduction and stabilization of the col aferal 
ligament with a screw and Teflon washer were performed. 
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tion and stabilization of the fractured bone to provide 
greater immediate stability. Closed reduction may be facili¬ 
tated by suspending the limb from an intravenous drip stand 
for 5 to 10 minutes to allow muscle relaxation; the dog is 
then placed in lateral recumbency with the affected limb up. 
The objective during manual reduction is to hook the an¬ 
coneal process between the condyles. 


lateral condyle of the humerus may be evident Because of 
the traumatic etiology, thoracic radiographs before surgery 
usually are indicated. 

Laboratory Findings 

Significant laboratory abnormalities are not associated with 
elbow luxation but may be associated with the trauma that 

caused the injury. 


To reduce the elbow, determine the position of the anconeal 
process in relation to the humeral condyles (Fig. 35-46, A). 
Flex the elbow to about 100 degrees and inwardly rotate ifa 
tebrocfitdnT (Fig. 35 46, BJ. After the anconeal process 

tend the elbow slightly 


DIFFERENTIAL DIAGNOSIS 


Traumatic elbow luxations must be differentiated from el¬ 
bow frac tu re s. 


an 


hooks over the lateral condyle , ex 
Abduct and inwardly rotate the antebrachium while placing 

the head of the rod/ us to force it under 


MEDICAL MANAGEMENT 


medial pressure over \ _ _ I I _ 

the humeral capitulum and into the reduced position {Fig. 
35-46, C }> After the elbow has been reduced , evaluate the 


Most luxated elbows can be reduced by closed manipulation 
if treated within the first few days after injury. However, dogs 
with avulsion fractures may be candidates for open reduc¬ 
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FIG 35-46 

A, For dosed reduction of a laterally luxated elbow (B), flex the elbow and mwardl 
rotate the antebrachium to hook the anconeal process into the olecranon fossa, C 
extend the elbow slightly and abduct and inwardly rotate the antebrachium while pacing 

pressure on the radial head. 
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Chapter 35 


stability provided by the collateral ligaments by flexing the el¬ 
bow and paw to 90 deg ree $ and rota ftng the paw media I ly 
and laterally. If the lateral collateral ligament is intact\ the 
paw can be rotated medially to about 70 degrees (140 de¬ 
gree s if if is ruptured}, If the medial collateral ligament is in- 
fact, the paw can be rotated laterally to 45 degrees; rupture 
allows the paw to be rotated laterally to about 90 degrees. 


inputting the eibow into position. Neuromuscalar bloekage 
may be necessary in some cases. Special care should be exer¬ 
cised in anesthetizing older animals or those with concur¬ 
rent injuries. 

Surgical Anatomy 

i he anatomic landmarks for open reduction of an elbow 
luxation are the radial head, olecranon and anconeal 
processes, and lateral humeral condyle. The deep branch of 
the radial nerve runs under the proximal cranial border of 
the extensor carpi radial is muscle* The superficial branch of 
the radial nerve lies between the lateral head of the triceps 
and the brachial is muscle and may be exposed in the cranial 
portion of the incision; it must be identified and protected 
during surgery. The median nerve and brachial artery and 
vein course cr an tally to the medial epi condyle, and the ulnar 
nerve courses caudal! y to the medial epicondyle, over the an¬ 
coneus muscle* These structures must be visualized and pro¬ 
tected if a medial approach is made to repair the medial col¬ 
lateral ligament* 

Positioning 

The dog is positioned in lateral recumbency with the af¬ 
fected leg up. The leg should be prepared from shoulder to 
ca r p u s. 

SURGICAL TECHNIQUES 

Open Reduction of an Elbow Luxation 

Make o lateral approach to the caudal compartment of the 
elbow (see p. 1077). Reduce the elbow as described for 
closed reduction , above. Protect the articular cartilage dur¬ 
ing reduction. If muscle contraction and subsequent overrid¬ 
ing are severe , use a blunt instrument to gently lever the ra¬ 
dial head into position (Fig. 35-47, A and BJ . if reduction is 

not achieved, perform an olecranon osteotomy to eliminate 
the pull of the triceps muscle (Fig. 35-47 , C and DJ. A fter re¬ 
duction, flush the joint and assess its sfobtlity. 


After the elbow has been reduced, radiographs should be 
taken to document the location of the radius and ulna and 
to evaluate joint stability. Mild subluxation, or widening of 
the joint space, usually responds to immobilization. Marked 
subluxation is an indication for open reduction and internal 
stabilization. If reduction is achieved, the limb should be po¬ 
sitioned with the elbow in extension and supported with a 
so ft, padded bandage and spica splint for 2 weeks (see p, 
823). After removal of the bandage, range of motion exer¬ 
cises should be performed daily. Exercise should be limited 
tor 3 to 4 weeks after bandage removal. Complications of 
dosed reduction may include reluxation and DID. 


SURGICAL TREATMENT 


Open reduction of a luxated elbow is indicated when it is im¬ 
possible to achieve closed reduction. Tills is most common 
when the luxation is chronic* Open reduction should also be 
considered when the elbow is unstable after dosed reduction 
or when stabilization of an avulsion fracture will improve 
joint stability. Elbow arthrodesis should be considered with 
severe damage to the cartilage from the trauma of luxation. It 
is also performed when fixation of articular fractures of the el¬ 
bow is unsuccessful and with chronic D)D that is unrespon¬ 
sive to medical management. Elbow arthrodesis limits the 
dogs function, because a normal range of motion in this joint 
is essential for a normal gait. It is a salvage procedure that is 
done as a fast resort and as an alternative to amputation* 


NOTE • Excessive instability of the joint indicates 
the need for open stabilization of surrounding joint 
tissues* If the joint is stable despite collateral liga¬ 
ment damage, immobilization will allow periarticu¬ 
lar fibrosis and some degree of stability; however, 
this may not provide sufficient stability for large, ac¬ 
tive dogs. 


Stability may be enhanced by primary repair of the lateral 
collateral ligament. 

Identify the ends of the ligaments and appose them with 
nonabsorbable sutures in a locking-loop or Bunnell pattern 
(see p. 1 162j. If the ligament has tom from its attachment 
to the bone, secure it to the bone with a screw and spiked 

Teflon washer (see Fig. 35-45 J or use a suture anchor ; if 
the collateral ligament is beyo n d repoir f replace it with two 
screws and o figure-eight wire or heavy (No. I or No. 2) 

nonabsorbable suture (Fig. 35-48, A and Bj. deduce avul¬ 
sion fractures of the humeral condyle and secure them with 
a lag screw (Fig. 35-48 , C and Dj. Suture torn muscles. 

Reattach the olecranon (if osteotomized) with a tension 
hand wire (see p. 880). Suture the fascia, subcutaneous 
tissue, and skin in separate layers, tf additional stability 
is necessary, expose the medial surface of the elbow (see 
p. 1071j and repair or replace the medial collateral 

ligament. 


Preoperofive Management 

The extent of the preoperative workup depends on the ani¬ 
mal’s overall health. Laboratory evaluation, thoracic radi¬ 
ographs, and an electrocardiogram (EGG) evaluation may be 
indicated before traumatized animals are anesthetized. Stabi¬ 
lization of the trauma patient s condition is more important 
than reduction of the elbow. However, as soon as the patient's 
condition has been stabilized, reduction should be attempted. 

Anesthesia 

General anesthesia is necessary for closed reduction to 
achieve the profound muscle relaxation necessary for ma- 
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FIG 35-47 

A and B , Open reduction of the elbow may be accomplished using a blunt, curved 
instrument as a lever. C and D, As an alternative, perform an olecranon osteotomy to 
eliminate the pull of the triceps muscle during reduction, 


Elbow Arthrodesis 


NOTE * Be sure to remove articular cartilage one 
rigidly stabilize the joint, or arthrodesis will not occur 


Predetermine the angle of arthrodesis by measuring the 
standing angle of the opposite elbow Moke a caudolaferal 
approach to the joint (see p. 933) and osteotomize the ole¬ 
cranon (Fig. 35-49 f A). Expose the joint by incising the lat¬ 
eral collateral ligament and elevating the origins of the ex¬ 
tensor muscles. Remove the 
humerus , radial head , and trochlear notch with a high -speed 
burr Follow the contours of the joint , Temporarily stabilize 
the elbow in the correct position with a pin placed through 
the humerus and into the ulna. Contour a plate to fit onto the 
caudal surface of the humerus , over the joint , and onto the 
caudal surface of the ulna , Place at least three screws in the 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


cartilage from the distal 


1 n st r u m en t s needed lb r open red u ct io n of the elbow ind uee 
an osteotome and mallet pin chuck, suture anchor* 
Kirschner wires, orthopedic wire, 
instrumentation for their insertion. For arthrodesis, i 

high-speed drill, burrs, and plating equipment are necessary. 


and bone screws, and 


POSTOPERATIVE CARE 
AND ASSESSMENT 


humerus and three in the ulna. Use additional screws as lag 
screws to gain compression where they cross the arthrodesis 

site (Fig. 35-49\ BJ. Check limb alignment rotation, and 

gelation before securing fixation . Harvest and place a can¬ 
cellous hone graft at the arthrodesis site. The mosi acces s ible 
site for cancellous bone harvest is the ipsi lateral proximo/ 

humerus (see p. 895). Reattach the olecranon to the ulna on 


A tter o pet) reduction, po stop e r a tive r adiogra ph s s houid ht 
made to document the location of the radius and ulna m 


to evaluate the implant's position. After surgery the limb 
should be positioned with the elbow in extension and vf 
ported with a soft, padded bandage for several days. JJ .jur 
tionable stability was achieved, a spica splint can be applied 


either side of the plate 


screw (see p. 884). 


to the limb for 2 weeks. After removal of the bandage, joint 
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FIG 35-48 


and a 


B, To stabilize the elbow, repace co 

wire. C and D, To secure an 
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FIG 35-49 
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flexion and extension should be performed daily, but exer¬ 
cise should be limited for 3 to 4 weeks. Possible surgical 
complications include recurrent luxation, infection, de¬ 
creased range of motion of the elbow, irritation or migration 
of implants, and secondary DJD. 

A her arthrodesis, radiographs of the elbow should be 
taken to evaluate the implants position and limb alignment. 
A soli, padded bandage should be applied for a few days after 
surgery If there is concern about the stability of the implants, 
a spica splint can be applied for 6 weeks or until radiographic 
evidence of bone healing is seem Activity should be limited 
until the arthrodesis has healed. Complications of arthrode¬ 
sis include iatrogenic infection, delayed union or nonunion, 
implant migration, implant irritation of soft tissues, fracture 
of the bone at either end of the plate, and increased degener¬ 
ative changes in the limbs distal joints, which are forced to 
compensate for the loss of elbow range of motion. 


TABLE 35-18 


Important Considerations in Elbow incongruity 


■ Elbow incongruity is the most likely cause of elbow 

pain and lameness in dogs with asynchronous radial 
and ulnar growth, 

• Elbow incongruity may contribute to a fragmented coro- 
noid process ana 


ununited anconeal process, 

* Elbow incongruity leads to secondary degenerative 
joint disease. 

* Ulnar osteotomy or ostectomy is designed to allow dy¬ 
namic reduction of the elbow. 


an 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


PROGNOSIS 


Two syndromes are grouped under elbow subluxation or in¬ 
congruity. One syndrome is observed as a part of the patho¬ 
physiology of premature closure of the distal ulnar or radial 
physes after trauma in immature dogs (see p. 955). The other 
occurs in chondrodystrophic breeds and is caused by asyn¬ 
chronous growth of the radius and ulna with no overt injury 
to the growth plate (Table 35-18). This asynchronous growth 
results in incongruity of the elbow joint because either the 
radius or ulna is inappropriately short. Untreated, elbow in¬ 
congruity causes instability of the joint and development of 
secondary degenerative joint disease. 

When the ulna is too short, the trochlear notch is pulled dis- 
tally, and the anconeal process impinges on 
trochlea. In some dogs this may be associated with an ununited 
anconeal process (UAP). When the radius is too short, the ra¬ 
dial head is pulled distally and does not articulate with the 
humeral capitulum. The trochlea of the humerus then rests di¬ 
rectly on the coronoid process of the ulna, which transmits all 
of the force of weight bearing. T his force has been implicated 
in the etiology of fragmented coronoid process (FCP). 


The prognosis after a stable closed reduction is good for nor¬ 
mal limb function; however, variable development of DJD 

1 i in i ted r a n ge o f m o tio n wil 1 occu r 
an unstable closed reduction is fair for normal limb func- 
fion. Smaller, less act!ve dogs have a better prognosis becausc 
the periarticular fibrosis that occurs is likely to be adequate 
to maintain the elbow in position, whereas it may not be ad¬ 
equate in large or active dogs. DJD and limited range of mo- 

more likely to occur in large animals. Tile prog- 
n os is all er s u rgica 1 red u c t i o n and s tab i 1 i zat ion of l he elb ow 
depends on the chronicity of the luxation and the severity of 
joint damage. Most dogs have good limb function after sur¬ 
gery. Smaller, less active dogs have a better prognosis than 
\ a rger, m o re act i ve d ogs, Va ryi ng degrees of D ] D a n d 1 i m i te d 
range of joint motion commonly develop after surgery. 
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prognosis 
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Suggested r ead ing 

Billings LA et al: Clinical results after reduction of traumatic elbow 
luxation in nine dogs and one cat, J Am Anim Hasp Assoc 28:137, 
1992, 

Komtebcddde J, Vasseur PR: Elbow luxation. In Slattcr D, editor: 
Textbook of small animal surgery ,; ed 2, Philadelphia, 1993, WB 
Saunders. 
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DIAGNOSIS 

Clinical Presentation 

Signal merit. This condition occurs in immature dap 
with open physes. Any breed of dog affected with premature 
closure of the physes after trauma may have subluxation of the 
elbow. Basset hounds and other chondrodystrophic dogs art: 
more frequently aff ected with asynchronous growth of the ra¬ 
dius and ulna that is not attributable to trauma. The animal 
may be presented for examination at the onset of the problem 

older animal with established secondary DJD. 
History. Affected animals often have a history of inter¬ 
mittent lameness. Owners may relate the lameness to trauma, 

Physical Examination Findings 

Affected dogs show varying degrees of lameness. A gross de¬ 
formity of the limb may be present, depending on the phy- 
seal plate affected and the relationship of an injury to the an- 
imaTs growth. Even if there is no limb deformity the arumi 
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ELBOW LUXATION OR SUBLUXATION 
CAUSED BY PREMATURE CLOSURE OF 
THE DISTAL ULNAR OR RADIAL PHYSES 


Sur 


The 


or as an 


ca Lie 


DEFINITIONS 


EIbow r luxation or subluxation may be associated with asyn¬ 
chronous radial or ulnar growth caused by premature closure 
of one of the distal physes. An osteotomy is a cut made 
through bone. An ostectomy is removal of a section of bone. 
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SYNONYM 


Elbow incongruity 
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usually is lame and sensitive to joint manipulation because 


oi ihc elbow incongruence. Crepitation and limited range of 


motion may be present during elbow manipulation. 


Radiography 


Decreased 


distance from 


Radiographs of the radius and ulna should include the car- 


radial head 


pus and elbow to determine the exact configuration and 


anconea 


cause of the elbow incongruity. Radiographs of the 


process 


co n - 


tralateral forelimb often can be used to compare the affected 




/ 


limb with a normal one; however, bilateral disease may be 




present. 


/ 


% 


laboratory Findings 


Specific laboratory abnormalities are not found with this 


condition. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses in large dogs include FCR UAR 


teochondrosis. Other conditions that may show similar clin¬ 


ical signs in small dogs include trauma and D)D. 


MEDICAL MANAGEMENT 




Medical treatment is aimed at symptomatic treatment of the 






resultant D1 0 , but it has no effect on the primary problem of 




I 






joint malarticulation (see Table 35-3). 
















SURGICAL TREATMENT 




Surgical treatment is directed at restoring elbow congruity 


by doing a corrective osteotomy of either the radius or the 








ulna. Ulnar-lengthening osteotomy is indicated when the 


Ulna shifts 


cause of elbow incongruity is 


an ulna that is too short. 


proximaily 


Ulnar-shortening osteotomy is performed when subluxation 


ning) ol the humeroradial joint is caused by radial 


FIG 35*50 


shortening* Because this procedure results in shortening of 


umar-iengthening osteotomy, make an oblique 
osteotomy of the ulna distal to the coronoid process. 
Stabilize the ulna with a small intramedullary pin. 


me limb, the animal should be evaluated to determine if 


limb shortening would be detrimental. If so, a lengthening 


osteotomy of the radius should be performed (see p. 960). 


SURGICAL TECHNIQUES 


Preoperative Management 


Ulnar-Lengthening Osteotomy 


Affected animals are young and require minimal preopera- 


Make a skin incision along the caudal border of the ulna , 


t ive workup. 


beginning medial to the tuber olecranon and ending at the 
ulnar middiaphysis, incise the subcutaneous tissue and fa 


s- 


Anesthesia 


da along the same line , Incise the attachments of the flexor 


These animals usually are young and 


enerally healthy, and a 


and ulnaris lateralis muscles along the medial 


carpi 


n an s 


variety of anesthetic regimens can be used (see p. 824). 


and lateral borders of the ulna ond elevate the muscles to 


pose the joint capsule . Incise the joint capsule on both sides 
of the ulna to expose the distal froc Wear notch area (see p. 

949 J. Make 


Surgical Anatomy 






The landmarks for ulnar-lengthening osteotomy include the 


oblique osteotomy of the ulna distal to the 


an 


caudal border of the ulna, which is 


trochlear notch , running from cranial distal to caudal proxi 


palpable, and the 


trochlear notch, which can be exposed surgically by muscle 


mal f with an oscillating 


saw or Gigli wire (Fig, 35-50j. 


elevation and must be avoided when the osteotomy is per¬ 


form ed. 


A gap should form at the osteotomy site. If necessary, el¬ 


evate the interosseous ligament to free the proximal ulna 


so 


Positioning 


that it can move into position. 


The dog is positioned in dorsal recumbency with the aft 


med leg suspended lor draping. The leg is prepared from 


Drive a small , smooth pin or Kirschner wire from the tuber 


shoulder to carpus 


olecranon down the medullary canal , 


the fracture 


across 
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olecranon down the medullary canal, across fhe fracture 

and Into the medullary canal of the distal ulna (Fig, 

o llo ws the forces o f the s grounding 

usculature to exert a dynamic effect on the 
causing if to collapse into the osteotomy site . 


3 a P 


35-51), The smooth pin 


Increased 
distance 
from anconeal 


proximal vino 


m 


process 


radial head 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Gigli wire or oscillating 
pin chuck or power drill for pin 


Instruments needed include a 
saw, Steinmann pins, i 
i nse rtio n. 


a 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative radiographs should be taken to evaluate the 
position of the ulna. Obvious changes in position may 

be evident until several days after 
bandage should be applied to the limb postoperatively. Early 
motion of the elbow is important for dynamic reduction of 
the subluxated elbow, therefore leash activity should be 

raged. Serial radiographs should be made until the 


Ostectomy 


surgery. A soft, padded 


encou 

osteotomy/ostectomy has healed. The implant can be re¬ 
moved after the bone has healed. 


Ulna and 


NOTE • Radiographs taken 48 to 72 hours after 

surgery can demonstrate the effect of motion on the 


radius shift 


proximal ly 


PROGNOSIS 


Without surgery the abnormal anatomy of the elbow will cause 
DID and lameness. If surgery is performed before DID in es¬ 
tablished, the prognosis is good for relat ively normal limb func¬ 
tion, although some DJD usually occurs. I he amount of cor¬ 
rection alter surgery varies and appears to be directly related to 
the amount of displacement; that is, less displacement results in 
better correction. Despite the lack of radiographic correction, 
most dogs appear to be more comfortable after surgery. After 
DJD is established, periodic treatment with analgesics and an¬ 
tiinflammatory drugs may be necessary (see Table 35-3), Possi¬ 
ble surgical complications include iatrogenic infection, implant 
migration, delayed union or nonunion ol the osteotomy, and 
implant irritation of soft tissues. If the intramedullary pin irri¬ 
tates the triceps tendon, it should be removed. 


FIG 35-5 1 

For an ulnar-shortening ostectomy make two oblique 
osteotomies of the ulna distal to the coronoid process, 
Remove a length of bone sufficient to allow reduction 
of the radial head. Stabilize the ulna with 
Intramedullary pin. 


qap, and into the medullary canal of the distal ulna . The 
smooth pin and the oblique direction of the osteotomy allow 
the forces of the surrounding musculature to exert a dynamic 
effect on the proximal ulna and slide it into position with the 
humerus without causing angular distraction of fhe proximal 
ulna . Suture the joint capsule. Suture the flexor carpi ulnaris 
fascia to the ulnaris lateralis fascia over fhe caudal border of 
the ulna . Suture the subcutaneous tissue and skin separately 

Ulnar-Shortening Ostectomy 

Shortening the ulna allows the radial head to come into con¬ 
tact with the humeral capitulum. 


i 


i 


t 


1 


Suggested reading 

Gilson SD, Pienmttri DL, Schway PD: Treatment of humeroukr 
subluxation with a dynamic proximal ulnar osteotomy 

18:114, 1989. 
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CONGENITAL ELBOW LUXATION 


■■■■ 




described earlier for the ulnar- 

an oscillating saw or 
segment of ulna that is longer than the 
ured distance from the radial head to the humeral capitulum 
Drive a small, smooth pin 


Approach fhe ulna as 
lengthening osteotomy Using 
wire, resect a 


DEFINITION 


F 


G ig I i 


Congenita] elbow luxation results in lateral rotation ut the 

proximal ulna and subluxation or luxation of the huxneroul- 

■> 

nar joint. I 


b 


m eas - 


u 


Krrscbner wire from fhe tuber 


6 


or 























1087 


Chapter 35 Diseases of the Joints 


A 


FIG 35-52 


A/ Preoperafive craniocaudal radiograph of the forelimb of o dog with congenital elbow 

B, Craniocauda! radiograph of the forelimb after reduction of the elbow and 
translocation of the olecranon. 


SYNONYMS 


History- The history describes inability to extend one or 
both front legs and difficulty walking because of the crouch¬ 
ing position. 

Physical Examination Findings 

Puppies with this condition carry the affected forelimb in 
flexion. If the condition is bilateral, the puppy supports 
weight on the caudomedial aspect of the fore limbs. The 
elbows cannot be extended. The olecranon is located on 
the lateral aspect of the limb and may be mistaken for the 
lateral humeral condyle. The condition usually is not 

painful. 

Radiography 

Lateral and craniocaudal radiographs of the elbow show lat¬ 
eral displacement and rotation of the olecranon with vary¬ 
ing degrees of contact between the ulna and the humerus 
(Fig, 35-52), The radial head usually is in contact with the 
humerus, although this may change as the animal matures. 
Secondary degenerative joint disease is apparent 

cases. 


congenital elbow ma 


[formation 


Co?igeniml eIbow / uxalion, 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


The etiology of congenital elbow luxation is unknown. The 

bone malpositioning occurs at a young age, and because the 
bones do not articulate normally, congruent joint surfaces 
do not form. At approximately 3 months of age, secondary 
remodeling occurs, and degenerative changes begin to de¬ 
velop. Pathology varies with the chronicity of the condition. 
The olecranon is rotated lateral to the distal humerus, and 
[he trochlear notch does not contact the humeral condyles. 
The result or results may be (1) hypoplasia and remodeling 
of the trochlea and trochlear notch; (2) hypoplasia of the 

medial humeral condyle with stretching of the medial collat¬ 
eral ligament and joint capsule; (3) hyperplasia of the lateral 
hume ral condyle w:i 1 h co n t r act u re of th e late r al j o i nt ca ps u 1 e 
and lateral collateral ligament; (4) contracture and displace¬ 
ment of the triceps muscle; and (5) degenerative changes of 
the articular cartilage. 


o 


n 








■i- 


nt 


id 


n- 


in chronic 




Laboratory Findings 

Abnormal laboratory findings are uncommon. 


DIAGNOSIS 

Clinical Presentation 

Signalmen!- Small breeds of dogs are affected: pugs, 
Yorkshire terriers, Boston terriers, miniature poodles, 
Pomeranians, Chihuahuas, cocker spaniels, and English 
bulldogs. The condition can be unilateral or bilateral and 
usually is recognized when the puppy begins to walk at 3 to 
6 weeks of age. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include hemimelia (congenital seg¬ 
mental deficiency of the radius or ulna), ectrodactyly (con- 

of the limb), and previous fracture and 


the 


genital splitting 


ul- 


malunion of the limb. 
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PART IV 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


lateral release of soft tissues (including the joint capsule and 
anconeus muscle), medial support of the olecranon using 
capsular imbrication and stay sutures, olecranon or ulnar os¬ 
teotomy and transposition to reconstruct the joint, and redi¬ 
rection of the pull of the triceps muscle to allow joint exten¬ 
sion, The osteotomy is stabilized with Kirschner wires and, if 
necessary, a tension band wire (see Fig, 35-52, B). 

Preoperative Management 

Affected animals are young and require minimal preoptia- 


Conservative therapy (splints and bandages) does not alter 
the course of disease. Joint reduction and stabilization 


should be done as soon as possible, before secondary degen¬ 
erative changes and joint remodeling occur (usually before 
the animal is 4 months of age). The type of reduction tech¬ 
nique used depends on the pathologic condition present. 
Closed reduction can be successful if the joint can be ma¬ 
nipulated into position. Closed reduction is indicated in 
dogs that have only mild changes in hone and soft tissue. The 
olecranon should be rotated medially into position and se¬ 
cured by placing a transarticular pin from the caudal aspect 
of the olecranon, through the olecranon, and into the 
humerus. The pin is left in place for 10 to 14 days (Fig. 


tive wo 


Anesthesia 

General anesthesia is required for both closed and open re¬ 
duction. Pediatric anesthesia techniques should be used. 
Anesthetic management of animals with orthopedic disease 

is discussed on p, 824, 

Surgical Anatomy 

The anatomic landmarks are the olecranon and the medial 
and lateral humeral condyles. The ulnar nerve is on theme- 
dial aspect of the surgical site and should be identified and 
protected. 

Positioning 

I he dog is placed in dorsal recumbency with the affected 
limb prepared from shoulder to carpus. 


35-53). 


■ 


SURGICAL TREATMENT 


i 


Open reduction and corrective osteotomy are used when the 
joint cannot he manually replaced (Table 35-19). Techniques 
for open reduction and stabilization vary, depending on the 
severity of the pathologic condition. Techniques used include 


I 


\ 
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SURGICAL TECHNIQUE 


ti 


an incis ton on the laferaI $urface of the joint , sfarting 
on the lateral epicondyiar crest and extending dhtally over 
the lateral epicondyle to the proximal radius, os described 

on p. f 077. Incise the subcutaneous tissues and refract the 
skin medially to expose both the medial and lateral surfaces 
of the elbow ; fnrise the soft tissues on the lateral aspect of the 
humeroulnar joint (including the anconeus muscle and joint 

d reposition the ulna, if repo* 
sitioning is possible, stabilize the ulna by imbricating theme- 
dial joint capsule and placing a large {No . 0 to No. 2} non* 
absorbable suture from the proximal ulna to the humeml 
condyle th rough tunnels drilled in the bone with the needle 

small Kirschner wire. Perform an olecranon os teotomy 
and transpose the osteotomized bone to a position on (fie 
ulna th a t bes t red irects the pull of the triceps m uscle to ex* 
tend the joint. Stabilize the osteotomy with Kirschner wires 
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Jv 
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capsule} to expose the joint 
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TABLE 35-19 


Gl 


Important Considerations in Congenital Elbow Luxation 


Al 


• Immediate surgical treatment provides the best out¬ 
come. 1 

• Repositioning the ulna results in improved limb function 
because the pull of the triceps muscle is redirected. 

• Limited range of motion and degenerative joint disease 

surgery. 


Pi 


Ca: 


FIG 35-53 


lux 


A transarticular pin can be placed to hold the ulna in 
position after manual reduction of a congenitally luxated 
elbow. 


occur even 


gor 

car 
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and possibly 


o tension bond wire (see p, 880). Reposition 
the 5tin to the lateral aspect of the elbow and close the sub - 
cutaneous tissues and skin with interrupted sutures. 


the accessory carpal ligaments, palmar hhrocartilage, and 
palmar ligaments of the middle carpal and carpometacarpal 
joints. Dorsal displacement of the free end of the accessory 
carpal and ulnar carpal hones occurs* Category III injuries 
are disruptions of the accessory carpal ligaments, car¬ 
pometacarpal ligaments, and palmar fibrocartilage. How¬ 
ever, in these injuries subluxation of the carpometacarpal 
joint occurs without disruption and displacement of the ac- 
cessory carpal and ulnar carpal bones. 

DIAGNOSIS 

Clinical Presentation 

Signalment* Any age or breed and either gender of dog 
or cat may be affected* 

4 

History* Acutely affected animals 
non-weight-bearing lameness. Because the animal is not us¬ 
ing the limb, the extent of hyperextension may not be ap¬ 
parent initially. Most animals return to using the leg within 
a week but are lame and have a plantigrade stance. 

Physical Examination Findings 

Acute injuries show dear indications of swelling, pain, and 
instability. With category I injuries, the animal usually 
mains unable to bear weight until definitive treatment is per¬ 
formed, With category II or III injuries, the animal may be¬ 
gin to bear weight on the limb after the injury. However, as 
increased weight is placed 
extension of the carpus become evident. 

Radiography 

Standard craniocaudal and medial-to-lateral radiographs 
are needed to detect bone fractures or joint malalignment 

associated with complete luxation of the joints* However, 

stress radiographs should be made to assess carpal integrity 
accurately and identify the joint level of the hyperextension 
injury (Fig, 35-54), Stress radiographs may be obtained by 
performing a standing lateral radiograph while the animal is 
bearing weight on the limb. If the animal refuses to place 
weight on the limb, it should be positioned in lateral recum¬ 
bency with stress applied to the foot to place the carpus in 
maximum extension. Isolated instability at the level of the 

4 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Instruments needed for open reduction include a general 
surgery pack, pin chuck, Kir sell ner wires, and orthopedic 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Postoperative radiographs should be made to evaluate the 
location of the ulna with respect to the humerus and the po¬ 
sition of any implants. The limb should be bandaged to sup¬ 
port the fixation for 2 to 3 weeks. Splint the elbow in a func¬ 
tional position. Activity should be restricted to leash walking 
for 4 to 6 weeks. The Kirschner wires should be removed 
when the osteotomy has healed* 


usually have 


PROGNOSIS 


Without surgery the dog may learn to compensate for the 
loss of normal forelimb function by using the rear limbs for 
support and locomotion; however, ambulation will always 
be abnormal. The prognosis is good for return of satisfactory 
function after surgery but poor for development of a normal 
joint. Possible surgical complications include loss of joint re- 
duction, iatrogenic infection, implant migration, and irrita¬ 
tion of soft tissues. 


re- 


on the limb, collapse and hyper- 


Suggested reading 


Milton JL, Montgomery RD: Congenital elbow dislocations. Vet 
Clin North Amer: Small Animat Pract 17:873, 1987*. 


CARPAl LUXATION OR SUBLUXATION 


DEFINITIONS 


Carpal luxation or subluxation results from loss of collat¬ 
eral and/or palmar ligamentous support of the antebrachial, 
carpal, middle carpal, and/or carpometacarpal joints. Pan- 
carpat arthrodesis involves fusion of ail three carpal joints, 
whereas partial arthrodesis is a selective fusion of one or 
more of the carpal joints. 


SYNONYM 


Carpal hyperextension injury 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Carpal hyperextension injuries are sorted into three cate 
gories based on injury location. Category I injuries 
luxations or luxations of the antebrachial carpal joint. Cate - 
fpry U injuries include subluxation of the middle carpal and 
carpometacarpal joints and are associated with disruption of 


are sub- 


FIG 35-54 

Stress radiograph of a dog with 
hvperextension injury. Stress radiograp 
obtained to help classify hyperextension injuries. 
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Preoperative Management 

An external coaptation splint or bandage should be applied 
to protect the limb until definitive surgical treatment is un¬ 
dertaken. The animal’s activity should be strictly limited to 
prevent further joint damage. 

Anesthesia 

The anesthetic management of animals with orthopedic dis¬ 
ease is presented on p. 824. 


antebrachial carpal joint allows an increase in extension 
without altering the relationships of the carpal and 
metacarpal bones. Instability at the middle carpal joint, in¬ 
cluding loss of integrity of the accessory carpal bone, results 
in widening of the space between the palmar process of the 
ulnar carpal bone and the base of metacarpal V, The acces¬ 
sory carpal bone deviates dorsally. The proximal carpal 
bones may appear to override the distal row of carpal bones 
with instability at the carpometacarpal level. In chronic cases 
radiographic evidence of osteoarthritis is evident The in¬ 
tegrity of the collateral ligaments is determined by obtaining 
craniocaudal views of the carpus while a medial and lateral 
stress is applied to the foot. 


Surgical Anatomy 

The carpus consists of seven bones arranged in two rows. 
The radial carpal and ulnar carpal bones make up the 
proximal row, and the first, second, third, and fourth 
carpal hones make up the distal row. The accessory carpal 
bone lies caudally and articulates with the ulnar carpal 
bone. The radial carpal bone and ulnar carpal bone artic¬ 
ulate with the radius and styloid process of the ulna to 
form the antebrachial carpal joint. This joint has the great¬ 
est amount of movement; the middle carpal joint, formed 
by the articulation of the proximal and distal rows of 
carpal bones, accounts for 10% to 15% of carpal motion, 
Very little motion occurs in the carpometacarpal and in- 
tercarpal joints. Collateral ligamentous support arises 
from the short radial collateral ligament medially and 
from the short ulnar collateral ligament laterally Also, 
sleeves of collagenous tissue that house tendons provide 
medial and lateral collateral support. Palmar support is 
from the flexor retinaculum proximally and palmar Libra- 
cartilage distally. Multiple small ligaments cross the inter- 
carpal articulations between carpal bones to provide addi¬ 
tional collateral and palmar support. Two accessory 
ligaments originate from the free end of the accessory 
carpal bone and insert onto the palmar surface of the 
fourth and fifth metacarpal bones. The caudal position ot 

the free end of the accessory carpal bone, in conjunction 

aments, acts as a moment am 


Laboratory Findings 

No consistent laboratory abnormalities are seen. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include acute sprains, distal radial 
fractures, and fractures of the metacarpal bones. These con¬ 
ditions can be differentiated from carpal luxation or sublux¬ 
ation radiographically by use of standard and stress views. 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


M edi cal or censer vat i ve m a n a ge m e n t o f carp a 1 hy perext e n - 
sion injuries often is unrewarding. External coaptation may 
be tried in younger patients, but gradual hyperextension of¬ 
ten occurs as weight bearing returns. 


SURGICAL TREATMENT 


Carpal luxations, including medial and lateral instabilities, 
are best treated with pancarpal arthrodesis. Carpal hyperex¬ 
injuries are best treated with either pancarpal 
arthrodesis or partial arthrodesis through a cranial approach 
to the joint. Antebrachial carpal injuries should be treated 
with a pancarpal arthrodesis accomplished by removing ar¬ 
ticular cartilage at all joint levels, placing a cancellous bone 
autograft at the joint surfaces, and stabilizing with a bone 
plate. A pancarpal arthrodesis or a partial carpal arthrodesis 
may be used to manage injuries of the middle carpal joint. 
However, a partial arthrodesis that does not reestablish the 
accessory carpal moment arm may eventually fail because of 
breakdown of the radiocarpal joint. A partial arthrodesis for 
treating this injury should include fusion of the middle 
carpal and carpometacarpal joints with selective fusion of 
the accessory carpal-ulnar carpal articulation. This proce¬ 
dure may be accomplished with a bone plate, cross pins, or 
placement of longitudinal metacarpal pins. With isolated 
carpometacarpal instability a partial arthrodesis is recom¬ 
mended, Although the accessory carpal ligaments may be 
compromised, the ligaments between the base of the acces¬ 
sory carpal bone, ulnar carpal bone, and fifth metacarpal 
bone are intact, preserving the integrity of the accessory 
carpal moment arm. The articular cartilage should be re¬ 
moved. cancellous bone placed in the fusion site, and the site 
stabilized with a T-plate or IM pins. 


accessory car 

to balance the vertical force produced when the pm 
strikes the ground. 


Positioning 

The animal should be positioned in dorsal recumbency A 
hanging-leg preparation allows maximum manipulation ot 
the limb during surgery (see p. 25). The leg should be 
dipped and prepared from the proximal humeral region to 
the tips of the toes. The proximal humerus serves as the 
donor site for cancellous bone. 


SURGICAL TECHNIQUES 


Considerable collagenous and bony tissue proliferation 
often occurs with carpal luxation or subluxation, in¬ 
creased vascularity, which accompanies the fibrous piulif- 

make surgical dissection difficult. Use of a 
tourniquet is helpful. The joint is approached dorsally, 
where proliferative tissue is pronounced. Sharp dissection 
through scar tissue and the joint capsule 

trauma. 
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plant as discussed below. Su/ure /be wound in layers; tension 
may be needed to oppose the tissue 


Approach to the Carpal Bones 


plate , 


Moke a skin incision over the midline of the dorsal surface of 

proximal to the radiocarpal 


/he carpus, extending from 4 
joint line to 4 cm distal to the carpometacarpal joint line (Fig, 

35 55 , A). Incise the subcutaneous tissues, proliferative fi¬ 
brous tissue, and joint ca 
middle car 


Pancarpal Arthrodesis 

Expose the joint surfaces of the radiocarpal middle carpal 
and carpometacarpal articulations and remove articular 

described above. Use a small Kirschner wire to 


dying the radiocarpal 

pal and carpometacarpal joints (Fig. 35-55, BJ' 


ove 


cartilage os 


the distal radial epiphysis in to th e 


drill multiple holes through 

cavity to aid vascularization of the fusion t Stabilize 

compression plate 


fibrous tissue will be confluent with the 


The proliferative 

joint capsule proximaily and dis tally. 


m o now 

the fusion with o bone plate applied as a 
to the dorsal surface of the radius. 


reflect the synovial joint capsule inci- 


Using sharp disseefton , 

from the cranial face of the carpal bones bofb medially 
and laterally. Place Gel pi retractors to maintain exposure of 
/he id rtf surfaces and position a small Hohmann retractor 
between joint surfaces to help visualize the articular carti¬ 
lage of each joint. Use a low-speed power burr to remove 
articular cartilage from the surface of the carpal bones in 
each joint. Attempt to preserve /be tendon of the extensor 
carpi radialis muscle as it crosses the craniolateral aspect of 
t/ie pin/, Harvest a cancellous bone graft from the proximal 

895} and insert the graft within the denuded 

surfaces of each pint. Stabilize the arthrodesis with an im~ 


The plate should be contoured to reflect a 10-degree an¬ 
gle of extension of the carpus. 


fti 




/bo/ /be proximoI three plate screws enter 


Apply the plate 
the distal radius and the distal three plate screws enter the 

third metacarpal bone , Place one Intermediate plate screw in 
the radial carpal bone and the others where bone stock Is 
: liable. Because the plate is not positioned 
surface of the joint, it sboufa be supported 
mann pins or external coaptation or both. If pins are selected, 

dial to lateral entering the bone near 
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FIG 

A, To approach the dorsal surface of the carpus 

proximal to the radiocarpal joint line to 4 cm distal to the 

B, Incise the subcutaneous tissues, proliferative fibrous tissue, 

the radiocarpal, middle carpal, and carpometacarpal joints. 


>f a 

dly, 

:ion 

cast 


, make a skin incision over the midline, 


extending from 4 


cm 


carpometacarpal joint line. 

joint capsule overlying 
Remove articular cartilage (indicated as shaded areas). 


an 
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proximal articular surface. Bend the distal ends of the pins info I 

hook, cut the excess pin and turn the hook into the bone. I 


the head of the second metacarpal and exiting through the 
distal ulna. Place a second pin from lateral to medial enter¬ 
ing the bone near 

Ing through the distal radius (Fig. 35-56). 

Partial Carpal Arthrodesis with a Plate 

Expose the joint surfaces of the middle 
pometacarpal joints and remove 
scribed above. Harvest and insert a cancellous bone graft, 
Stabilize the joints with a small T-plate attached to the distal 
dorsal surface of the radial carpal bone (as far distally as pos¬ 
sible to avoid interference with the antebrachial carpal joint) 
and the dorsal surface of metacarpal III . Cut the tendon of in¬ 
sertion of the extensor carpi radial is muscle from metacarpal 
HI to facilitate placement of the plate and suture it to the simi¬ 
lar tendon of insertion on metacarpal II (Fig. 35-57). 


a 


the head of the fifth metacarpal and exit- 






NOTE * Be sure to remove articular cartilage and 
rigidly stabilize the joint, or arthrodesis will not occur. 








carpal and 


car- 

articular cartilage os de- 


Partial Carpal Arthrodesis 
with Cross Pins and a Lag Screw 

Expose the joint surfaces of the middle carpal and cor- 
pometocarpal 

sen bed above. Harvest and insert a cancellous bone graft 
Stabilize the fusion by placing a pin 

entering the bone near the head of the second metacarpal ] 
and penetrating the radial carpal bone . Place a second pm 
from lateral to medial entering the bone near the head of 
the fifth metacarpal and penetrating the ulnar carpal bone. 
Fuse the accessory carpal-ulnar carpal articulation by 
moving articular car///age between joint surfaces of the ac¬ 
cessory carpal bone and ulnar carpal bone , placing a can¬ 
cellous bone graft f and stabilizing it with 

Make an incision lateral to the base of the accessary 
pal bone, incise the subcutaneous tissues and deep fascia 
adjacent to the lateral accessory carpal ligament I 

The medial and lateral accessory carpal ligaments will be 




articular cartilage qs de¬ 


joints and 


rem o ve 


from medial to lateral 


Partial Carpal Arthrodesis 
with Intramuscular Pins 


re- 


Expose the joint surfaces of the middle carpal and car¬ 
pometacarpal joints and 
scribed above. Harvest and insert a cancellous bone graft: To 

stabilize the fusion, create 
metacarpals III and IV and drive a pin proxi molly into the 
medullary canal of each bone (see Fig. 35-57). Reduce the 
carpus by flexing it 90 degrees and placing proximal and pal 

the metacarpal bones. Drive the pins proxi 


remove articular cartilage as de 


j 




a 




slot in the dorsal cortex of 


screw. 


s 


f 
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ma r pres s ure on 
molly into the radial carpal bone but do not penetrate the 
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FIG 25-57 


FIG 35-56 


be stabilized with a T-pIdtor 


Pancorpat arthrodesis for stabilization of category I carpal 
hyperextension injuries, Note the cranial application of a 
bone plate and caudal placement of cross pins. The plate 
houla be contoured 10 degrees in extension. 


Partial carpal arthrodesis can 
multiple intramedullary pins or Kirschner wires. 
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Continue the incision lateral to the abductor digiti quinti mus- 
cie to the joint capsule. Incise the joint capsule to expose and 
remove articular cartilage from the ulnar carpal and acces¬ 
sory carpal bones, insert a cancellous bone graft and stabi¬ 
lize the fusion with a compression screw and wire. Insert the 
compression screw from the cranial face of the ulnar carpal 
tone into the accessory carpal bone, Place a wire from the 
hose of the accessory carpal bone through the head of the 

fifth metacarpal bone (Fig. 35-58). 


injuries (Denny, Barr, 1991). The remaining 20% 
stantiallv improved after surgery but may have varying de¬ 
grees of limb dysfunction (lameness) after exercise. A small 
percentage exhibit continued, slight, weight-bearing lame¬ 
ness, but limb function is vastly improved relative to preop¬ 
erative function. Occasionally soft tissue irritation or screw 
loosening is an indication tor 

Metacarpal bone fractures may occur in a small percentage 
of patients with pancarpal arthrodesis, especially if the plate 
extends only a short distance on the metacarpal bone 
(Whitelock, Dyce, Houlton, 1999). Return to function after 
partial carpal arthrodesis may be compromised if additional 
instabilities are overlooked or if the plate interferes with the 
antebrachial carpal joint. 

References 


implant. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Instruments for arthrodesis include a battery- or air-driven 
power drill, burrs, bone curette, Steinmann pins, bone 
plates, and screws. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Denny HR, Barr ARS: Partial carpal and pancarpal arthrodesis in 
the dog: a review of 50 cases, / Small Animal Pracs 32:329, 1991. 
Whitelock RG, Dyce J, Houllon 1HF: Metacarpal fractures associ¬ 
ated with pancarpal arthrodesis in dogs, VetSurg 28:25, 1999. 

Suggested reading 


A soil, padded bandage with a coaptation splint should be 
applied pos tope rat ively to reduce swelling and support the 
internal fixation. Healing of an arthrodesis takes 12 to 16 
weeks. An external splint should be worn for 6 to 8 weeks. 
The splint is removed and the internal fixation allowed to 
support the arthrodesis when early radiographic evidence of 
fusion is apparent. Activity should be strictly controlled un¬ 
til union has occurred. 


Wilier R et al: ParLial carpal arthrodesis for third-degree carpal 
strains: a review of 45 carpi, Vet Surg 19:334,1990. 




PROGNOSIS 


. -j 


COXOFEMORAL JOINT 




Pancarpal and partial carpal arthrodeses result in excellent 

limb function in 80% of patients treated for hyperextension 


HIP DYSPLASIA 


DEFINITIONS 


Hip dysplasia is an abnormal development of the coxo- 
femoral joint characterized by subluxation or complete lux- 
at io n of l he ferno r al h ea d i n yo u nge r patien ts and m ild to se - 
vere degenerative joint disease in older patients. Luxation of 
the coxofemoral joint is a complete separation between the 
femoral head and the acetabulum, whereas subluxation is a 


partial or incomplete separation. The angle of inclination is 
the angle formed between the long axis of the femoral neck 
and the femoral diaphysis in the frontal plane. The angle of 
ante version is the angle formed between the long axis of the 

The angle of sub- 


femoral neck and the transcondylar 
luxation is the angle between the femur and the pelvis at 
which the hip subluxates during limb abduction. Hie angle 
of reduction is the angle between the femur and the pelvis at 
which the hip reduces during limb adduction. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


The causes of hip dysplasia are multi factorial; both heredi¬ 
tary and environmental factors play a part in the develop¬ 
ment of abnormal bone and soft tissue. Rapid weight gain 
and growth through excessive nutritional intake may cause 
a disparity of development of supporting soft tissues. 


FIG 35-58 

Partial carpal arthrodesis with selective fusion of the 
accessory ulnar articulation. Note that the pins do not cross 

tlie radiocarpal joint. 
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erase intolerance* Hip examination (see p. 851) performed 
under general anesthesia shows increased laxity of the hip 
joints, as evidenced by abnormal angles of reduction and 
subluxation (Fig. 35-59). Many juvenile dogs spontaneously 
improve with increasing age after conservative management 
(see p, 1024). Physical examination findings in older animals 
include pain during extension of the hip joint, reduced range 
of motion, atrophy of the pelvic musculature, and exercise 
intolerance. There is generally no detectable joint laxity be¬ 
cause of the proliferative fibrous response, but crepitus may 
be detected on joint manipulation. It is important to note 
that clinical signs do not always correlate with radiographic 
findings* A correct diagnosis of hip dysplasia as the cause ol 
clinical problems is based on age, breed, history, physical 
findings, and radiographic changes. 

Radiography 

The standard radiographic view for diagnosis of hip dys¬ 
plasia is the ventrodorsal view of the pelvis with rear limbs j 
extended symmetrically and rotated inward to center I 
the patellas over the trochlear grooves (Figs. 35-60 ml 
35-61, A). The dog must be heavily sedated or anesthetized 
for proper relaxation and positioning. The Orthopedic | 
Foundation for Animals (OFA) will certify a dog after 1 i 
years of age within seven established grades tor categorizing 
radiographic congruity between the femoral head and ac¬ 
etabulum. Hips determ ined to be “normal” radiographically I 
may be further classified as excellent, good, fair, or near nor- I 
mal; animals with dysplasia are categorized as mild, moan- I 
ate, or severe. Stress radiographs can he used to detect breed 
susceptibility to hip dysplasia as early as 4 months. Stress I 
radiographs require that the dog be under deep sedation or I 
light anesthesia to eliminate muscle tension. Radiographic I 
views are taken with the hips in both a neutral stance posi* I 
tlon and distracted (obtained by levering a custom--de¬ 
signed distractor between the legs). A distraction index is 
calculated from these views and is used to predict the liUi- I 
hood of the development of degenerative joint disease sec- . 
ondary to hip laxity* Individual logistic regression asm I 
that predict the risk of the development of degenerative 
joint disease are being developed for different breeds b 
cause it appears that some breeds are more ‘'laxity tolerant 
than others. Speciality centers have been certified na tionfI'■ I 
to determine a patient’s distraction index (Smith, 19971, ■ 
Older dogs with established degenerative joint disease de I 
n o t requ i re p er fee t pos it i oni n g o r spec ial st u d i es fo r a diag- I 
nosis of hip dysplasia (Fig* 35-61, B), 


leading to hip dysplasia. Factors that cause synovial inflam¬ 
mation (i.e., mild, repeated trauma) may also be important. 
Synov it is 1 eads to an in ere a sed vo 1 u me of i o int ft uid, w hich 
abolishes joint stability derived from the suction like action 
produced by a thin layer of normal synovial fluid between 
the articular surfaces. These factors contribute to the devel¬ 
opment of hip joint laxity and subsequent subluxation, 
which are responsible for early clinical signs and joint 
changes. Subluxation stretches the fibrous joint capsule, 
causing pain and lameness. Acetabular cancellous bone is 
easily deformed by continual dorsal subluxation of the 
femoral head* The pistonlike action of the femoral head dy¬ 
namically subluxating from the acetabulum with each step 
causes tilting of the acetabular articular surface from a nor¬ 
mal horizontal plane to a more vertical plane. It also reduces 
the surface area of articulation, which concentrates the 
stress of weight bearing over a small area in the hip joint 
Fractures of the acetabular trabecular cancellous bone may 
occur and exacerbate the pain and lameness. Physiologic re¬ 
sponses to joint laxity (subluxation) are proliferative fibro¬ 
plasia of the joint capsule and increased trabecular bone 
thickness. These changes relieve the pain associated with 
capsular sprain and trabecular fractures* However, the sur¬ 
face area of articulation is still reduced, leading to prema¬ 
ture wear of articular cartilage, exposure of subchondral 
pain libers, and lameness* 


\ 


NOTE * Hip dysplasia is painful because wear of 

articular cartilage exposes pain fibers In subchon¬ 
dral bone* 


DIAGNOSIS 

Clinical Presentation 

Signalmen*. The incidence of hip dysplasia is highest in 
large-breed dogs. The history and clinical signs vary with the 
patient’s age. Two populations of animals are affected: pa¬ 
tients 5 to 10 months of age, and animals with chronic de¬ 
generative joint disease. Hip dysplasia is rare in cats. 

History. Symptoms in young patients include difficulty 
rising after rest, exercise intolerance, and intermittent or 
continual lameness. As animals mature, they may develop 
additional signs attributable to hip joint pain. Progressive 
degenerative joint disease in these patients results in diffi¬ 
culty rising, exercise intolerance, lameness after exercise, 
atrophy of the pelvic musculature, and/or a waddling gait 
attributed to abnormal movement of the rear limbs* 
Patients often are seen for evaluation of lameness that 
has suddenly worsened during or after increased activity or 
injury. 

r # 

Physical Examination Findings 

Juvenile patients with lameness are first seen between 5 and 
10 months of age. Physical findings in these patients include 
pain during extension, external rotation and abduction ot 
the hip joint, poorly developed pelvic musculature, and ex- 




often do not correlate wF 


NOTE * Clinical signs 

radiographic findings. Some dogs with moderate or 
severe dysplasia are asymptomatic. 


Laboratory Findings 

Consistent laboratory abnormalities are not seen. 












Chapter 35 Diseases of the Joints T 095 




Ml 


9 




V. 


¥ 


I' 






1 


& 


¥ 


I 


& 






■. 


# 




« 






ft 


3 




1 


1 


1 


1 


1 


m i 


! ko 


i 




v 


?ltG 


,V 


II f J 


w 


I 


IV 


8 H 


■ 1 1 Hi ■ 


i 


t t 


t 


i 


i 


i 




/ 


i i 


a 




if* 

tj 1 

t * i 

V / 


I 


f 


I t 


P 


I I 


l 




r 


l 


j 


i 


/ 


\ 


i 




' 1 


8 




/ 




! 


i 


* 


\ 


i 


i 


\ 




j 




/ 




% 


X 


J 






'x 


I 


cy ■ 


t 




/ 


v 


i 


N 


¥ 


I 


1 


/ 


t 


F 


* a 


f \ J f s 

ill L 

I I I 1 J 
\ / I \ / 


P 


ii 




s 




A 


f I 


* \ l 


i i 


t 


i 




\ 


1 II l 

V / t \ 


3 


I 


J 


J 


I 


J 


f y i 


A 


r 


A 




/ 


I, 


t 




/ 












\ 




f 


5 


FIG 35-59 

The angle of reduction is the 
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FIG 35*61 

A, Ventrodorsal radiograph of an i 
minimal evidence of degenerative pint disease, typifyin 
osteotomy. B, Ventrodorsal radiograph of a dog with a* 
osteophyte formation. This dog may be a candidate for total hip 
head ostectomy if clinical signs cannot be managed medically. 


immature dog with subluxation of the Femoral heads and 

ndldate for triple pelvic 


I a ca 

vanced hip dysplasia and 

placement or Femoral 


re 


l 


Pain relief and clinical improvement associated with con 

derived from fibrous proliferation of 


DIFFERENTIAL DIAGNOSIS 


servative treatment are 
the joint capsule, which strengthens the capsule and prevents 

further capsular sprain. Concurrently, increased thickness of 
the cancellous trabeculae in the subchondral bone strength- 

the bony trabeculae and prevents fractures. However, 
these patients are still afflicted with hip dysplasia and have3 
diminished surface area of hip joint articulation. Clinical 
signs that develop as the animal matures are attributable to 
articular cartilage wear and progressive DID. Conservative 
treatment is divided into short- and long-term phases. Ini- 
tially these patients should be treated tor an acute sprain 
Complete rest is mandatory and must be enforced for 10 to 
14 days. Often the animal improves in 3 to 4 days, and owa- 
may allow excessive activity, which predisposes to recur- 

and prolonged recovery. Adjunct physical 


A number of neurologic and orthopedic problems 
similar clinical signs. In younger dogs, lameness caused by 
panosteitis, osteochondrosis, physeal separation, hyper¬ 
trophic osteodystrophy, and partial or complete cranial cru¬ 
ciate ligament injury must be differentiated from hip dys- 

conditions (cauda 

equina) and orthopedic conditions (rupture of the cranial 
cruciate ligament, polyarthritis, bone neoplasia) must be 
ruled out before attributing clinical signs to hip dysplasia. 
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In older patients, neurologic 


p 1 a sia * 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


? of dis- 


Treatment depends on the patient's age and degree 
comfort, the physical and radiographic finding 
client's expectations and finances. Conservative and surgical 
options are available for juvenile and mature animals with 
hip pain secondary to hip dysplasia. Although early surgical 

intervention may increase 


w 




ring injury, 

therapy is helpful during this period in maintaining range of 
motion and providing comfort. Moist heat applied over the 

joint is beneficial, but care 
the skin. 

Once the joint and muscles are warm, passive movemeni or 
all joints in the affected limb or limbs should be done, Initi.tllv 
small movements should be performed, but the range of mo* 
tion should gradually be increased to the maximum tolerated 

Massage (in conjunction with moist heat is 
maintain flexibility. Cold packs may heap* 


nr 


m 


be 


should be taken to avoid burn vi 


the prognosis for long-term ac¬ 
ceptable clinical function, approximately 75% of young pa¬ 
tients treated conservatively return to acceptable clinical 
function with maturity. The remainder require further med- 

rgical management at some point in life. Surgery is 
indicated in older patients when conservative treatment is 
not effective or in young patients when athletic performance 
Is desired or the owner wishes to slow the progression of de¬ 
generative joint disease and enhance the probability of good 

long-term limb function. 
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also encouraged to 
plied after physical therapy. Antiinflammatory drugs are indi¬ 
cated to relieve pain and make the administration ol physical. 
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therapy more admissible. However, antiinflammatory drugs 
are likely to make the patient more comfortable, which may 
make the enforcement of rest more difficult* Clients must be 
advised to continue the rest period even if the patient appears 
to have returned to normal function* 


NOTE * Stress to owners that weight control is an 

important part of managing chronic hip dysplasia. If 
pain associated with hip dysplasia prevents the ani¬ 
mal from exercising normally, the owners should 
duce the animal's caloric intake to prevent weight 
gain. 


NOTE • Be sure to stress to the owners of an ani¬ 
mal with an acute injury that they must enforce rest, 
even if the animal feels like exercising* 


SURGICAL TREATMENT 


In mature dogs, surgical treatment (toral hip replacement or 
femoral head and neck ostectomy) is reserved for animals 
that have not responded to medical therapy. In immature 
dogs, a decision must be made early to perform pelvic os¬ 
teotomy for maximum benefits* but this decision must be 
balanced against the observation that many dogs diagnosed 
with hip dysplasia at a young age do not have clinical signs 
at long-term follow-up. Pelvic osteotomy is useful in 
younger patients to axially rotate and lateralize the acetabu¬ 
lum in an effort to increase dorsal coverage of the femoral 
head. This procedure is indicated in patients leading athletic 
lives (he., working breeds) or when the clien t wants to arrest 
or slow the progress of osteoarthritis* The most favorable 
prognosis is in patients with (1) radiographic evidence of 

hip subluxation with minimal degenerative changes in con¬ 
junction with (2) an angle of reduction less than 3U degrees 
and an angle of subluxation less than 10 degrees and (3) a 
solid feeling of reduction of the femoral head into the ac¬ 
etabulum (see Fig. 35-61, A), The angle of subluxation in¬ 
creases as the acetabular rim is lost to wear. Also, the loss of 
the acetabular rim can be appreciated as a grating or crepi¬ 
tant feeling as the femoral head slides over the acetabular 
rim into the acetabulum. The angle of reduction is an indi¬ 
cation of the degree of capsular laxity, which increases with 
increased subluxation of the hip but decreases over time as 
the capsule becomes thickened with fibrosis. The reduction 
of the head should produce a solid u clunkT An indistinct 
reduction indicates filling of the acetabulum. Of the pro¬ 
cedures described, Slocum osteotomy using the canine 
pelvic osteotomy plate is the most effective method of ob¬ 
taining axial rotation and acetabular lateralization (Slocum, 
Slocum, 1992). With this procedure, the amount of axial ro¬ 
tation is set by choosing an angled plate based on previously 
determined angles of reduction (maximum amount of rota¬ 
tion) and subluxation (minimum degree of rotation)* The 
angle of acetabular rotation commonly used is slightly less 
than the measured angle of reduction* usually not exceeding 
30 degrees. Experimental evidence indicates that 20 to 30 de¬ 
grees of acetabular rotation effectively achieves the maxi¬ 
mum increase in articular contact area of the hip (Dejardin, 
Perry, Arnoczky, 1998). 

A total hip prosthesis is replacement of a degenerative hip 

joint with a prosthetic acetabular cup and femoral compo¬ 
nent (big. 35-62). The procedure is most commonly used in 
mature patients when conservative treatment is not effective* 
Th e success ra te us u al Iv i s go o d to exc el 1 en t bu t depen d son 
the surgeons experience with the procedure, therefore total 


A number of nonsteroidal antiinflammatory drugs are 
available over the counter and through prescriptions. The 
NSAIDs most commonly used in veterinary medicine are as¬ 
pirin, carprofen, and etodolac (see Table 35-3)* Clients 
should be advised to avoid giving their pets NSAIDs without 
the recommendation of a veterinarian. When administering 
NSAIDs such as aspirin, begin with the lowest possible ther¬ 
apeutic dosage and administer with small amounts of food, 
t iy to protective therapy, such as concurrent administration 
of sucralfate or the prostaglandin analog misoprostol (see 
Table 35-4), can be used to help prevent gastrointestinal ul¬ 
cers, Although some NSAIDs do not significantly alter carti¬ 
lage metabolism, most NSAIDs interfere with chondrocyte 
glycosarmnoglycan synthesis and therefore should be used 
continuously for only a short time. Polysulfatcd gly- 
cosaminoglycans (PSGAGs) are frequently used to treat in¬ 
flammation associated with chronic degenerative joint dis¬ 
ease, In vitro laboratory experiments indicate that PSGAGs 

arc effective at inhibiting the expression of met alio pro teases 
in synovial fluid. Cl i n i cal trials sugges t som e c 1 in ica 1 i m - 
provement in patients treated with PSGAGs; however, statis¬ 
tically significant differences between treated and untreated 
dogs have not been fo u nd * 
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NOTE • Administer NSAIDs at the lowest effective 
dose, with food, and consider giving cytoprofective 
drugs concurrently. 
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Long-term conservative treatment for pain associated 
with degenerative joint disease includes weight control, exer¬ 
cise, and administration of antiinflammatory drugs. The an¬ 
na I should he weighed weekly and its caloric intake deter¬ 
mined. Feeding bulk diets low in fat and protein may be 
beneficial. Exercise (e.g., swimming and long walks) is im- 
rortunt to maintain an appropriate weight* High-intensity 
activity should he allowed only for short durations after an 
adequate warm-up period. Antiinflammatory drugs should 
be administered only as needed and should not take the 
place of weight control and a moderate exercise program. 
Food additives (i.e„ Cosequin) may be useful to control 
pun. These preparations contain chondroprotective agents 

that are thought to reduce inflammatory agents within the 
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FIG 35-63 

Radiograph of a dog after femoral head and neck 
osteotomy. Note the complete removal of the femoral neck 


Surgical Anatomy 

The surgical anatomy of the hip joint is discussed on p. 973, 
Special anatomic considerations for pelvic osteotomy in¬ 
clude identifying the pectineus muscle as a landmark for the 
ventral approach to the pubis and avoiding the obturator 
nerve at the caudal limit of the pubic osteotomy, The surgi¬ 
cal anatomy encountered during the approach to the ilia! 
body is described on p, 978, It is important to protect the sci¬ 
atic nerve ventral to the ilia! body during the osteotomy 
Special anatomic considerations for femoral head and neck 
osteotomy are important in patients with hip dysplasia, In 
patients with atrophied hip musculature, the joint capsule is 
obvious as soon as the deep gluteal muscle is reflectedJf 
subluxation of the hip joint is moderate or severe, the joint 
capsule usually appears thickened and bulges outward, In 
mature patients, thickening of the joint capsule is even more 
pronounced. To obtain adequate exposure of the femor.il 
head and neck, the vastus lateralis muscle must be released 
and reflected vent rally. The femoral head and neck often m 
short and deformed. To perform a femoral head and neck 
ostectomy in these patients, the juncture of the femoral nee: 
and femoral shaft must be clearly visualized. In youiig pa¬ 
tients, the round ligament may be intact and must be sev¬ 
ered; the ligament usually is absent in older patients. 


FIG 35-63 


Radiograph of a dog alter total hip replacement. Note the 
radiopaque cement mantel surrounding the femoral and 
acetabular proslheses. 


s 


p. 


hip replacement should be performed only by experienced 
surgeons trained in this procedure. 

Femoral head and neck excision limits bony contact be¬ 
tween the femoral head and acetabulum and allows forma¬ 
tion of a fibrous false joint (Tig. 35-63). This procedure can 
he used when conservative treatment has failed, and finan¬ 
cial constraints preclude alternative methods of surgical in¬ 
tervention. Caution should be used in treating juvenile ani¬ 
mals with this procedure, because a significant percentage of 
them improve with maturity. Because fibrous pseudoarthro¬ 
sis is an unstable joint, clinical function postopera lively is 

unpredictable. For this reason, most surgeons consider 
femoral head and neck excision to be a salvage procedure. 
However, many patients with painful arthritic hips undergo¬ 
ing femoral head and neck excision have improved limb 
function and quality of life postoperatively. 

Preoperafive Management 

A complete orthopedic and neurologic examination should 
be performed to correctly attribute the clinical problem to 
hip dysplasia. Perioperative systemic antibiotics should be 
administered when pelvic osteotomy is performed. 

Anesthesia 

Dogs treated with pelvic osteotomy are generally young and 
healthy and can be anesthetized with a variety of protocols. 
Older dogs treated with total hip replacement or femoral 
head and neck excision should be carefully evaluated and the 
anesthesia protocol altered if necessary. Epidural adminis- 
tra tion o f analgesics preoperatively is useful for lowedng the 
anesthetic dose requirement and for reducing postoperative 
discomfort. 
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NOTE * Before performing pelvic osteotomy, re¬ 
view the relationship between the gluteal muscula¬ 
ture and iliacus muscle, the position of the sciatic 
nerve, and the course of the internal pudendal artery 

and nerve (see p. 578). j 
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Positioning 

The patient is positioned in lateral recurrtbency for pelvkcs- 
teotomy. Clip and prepare the leg for aseptic surgery from 
the midline to the tarsal joint on both medial and lateral 
limb surfaces, for femoral head and neck excision, the pa¬ 
tient is positioned in lateral recumbency and the area h 
the dorsal midline to the stifle is clipped and prepared for 
aseptic surgery. The patient should be draped in a manner 
that allows manipulation of the limb during surgery (see 

p, 25). m 
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PIG 35*04 


A, Position of osteotomies for completion of a triple pelvic osteotomy and (B) ilial 
osteotomy stabilization with a bone plate. Note the axial rotation and lateralization of the 
he mi pelvis. 




SURGICAL TECHNIQUES 


periosteal origin of the externa/ obturator muscle at the ven- 
tea/ crest of the ischial floor and reflect the muscle from the 
ventral surface of the Ischium craniolly to the obturator fora¬ 
men . Place two spoon Hohmann retractors to protect the soft 
tissue; insert one into the obturator foramen dorsally and one 
into the foramen ven trolly. Direct 
cranial sn line with the center of the Hohmann retractors; this 
centers the osteotomy line into the obturator foramen. As an 
alternative, use a reciprocating saw to perform the os¬ 
teotomy Close the incision after the osteotomy of the ilium is 
completed[ At that time t if desired, drill two 

er side of the osteotomy adjacent to each other. Place 

through the holes and twist them in a 

the osteotomy. Suture the 
fascia of the inferno! obturator muscle to that of the external 
obturator musde, then close the subcutaneou$ tis s ue and skin 

using standard methods. 

Perform an osteotomy of the ilium to allow axial rotation 
of the acetabulum. Make an incision from the cranial extent 
of the iliac crest cavdally 1 to 2 cm beyond the greater 
trochanter Center the incision over the ventral third of the iliaI 
wing , Incise the subcutaneous tissues and gluteal fat along the 
some line to visualize the intermuscular septum between the 
superficial gluteal muscle and the short part of the tensor fas¬ 
ciae fa foe muscle ♦ tncise the muscular septum to separate the 
tensor fasciae lotae muscle and middle gluteal muscle era- 
niatly and the tensor fasciae lafae and superficial gluteal mus¬ 
cles caudally. Crantally, use sharp dissection to separate the 
middle gluteal muscle and long head of the tensor fasciae 
latae muscle. Palpate the ven tea/ border of the ilium and make 
incision to the bone near the ventral insertion of the mi 
die and deep gluteal muscles, isolate and ligate the iliolumbar 
vessels and re fleet th e deep g Iuteal m u sc/e from th e lateral 
face of the ilium. Incise the origin of the iliacus muscle at the 


Pelvic Osteotomy 

Pelvic osteotomy requires that an incision be made through 
the pubic brim, ischial floor, and ilial body. The optimum 
position for pubic osteotomy is adjacent to the medial walls 
of the aceta b ulum. 


os teotome caudal to 


an 


With the patient in lateral recumbency ; abduct the leg while 
keeping the femur perpendicular to the acetabulum. Locate 

(fie origin ot the pectineus muscle and cen ter a 6 -cm s ki n in¬ 
cision over th/s point. Incise the subcutaneous tissues to fur¬ 
ther isolate the origin of the pectineus muscle at the il- 
iopectineol eminence . Release the origin of the pecti neus 
muscie to expose the cranial brim of the pubis. 


on 


orthopedic 


figure-eight fashion to stabilize 


The pectineus muscle maybe allowed to retract or may be 
resec ted. 


Med the periosteum from the cranial lateral / and caudal 
pubic surfaces. To protect soft tissues during the osteotomy ; 
place spoon Hohmann retractors cranial to the pubis and 
within the obturator foramen caudal ly. Perform o pubic os¬ 
teotomy adjacent to the medial wall of the acetabulum (Fig, 
35-64). As an alternative, ostectomize a portion of the pu¬ 
bis. Suture soft tissues and skin using standard methods . 

Next, perform an osteotomy of the ischial floor. Make a 
sirn incision midway between the medial prominence of the 
ischium and the lateral tuberosity. Make the incision in the 
vertical plane, beginning 4 cm proximal to the ischial floor 
and extending 3 cm distally. Incise the subcutaneous tissues 
one/ deep fascia , Make a 3-cm incision through the pe¬ 
riosteal insertion of the internal obturator muscle at the dor- 
■ 

so/ crest of the ischial floor. Elevate the internal obturator 
muscle craniolly to the obturator foramen. Then incise the 
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To close, suture the vastus lateralis and deep gluteal muscles, 
tensor fascia lata, subcutaneous tissue, and skin using stan¬ 
dard methods . 


ventral border of the ilium and reflect the muscle from the ven¬ 
tral surface , Elevate the periosteum from the medial surface of 
the ilium with a periosteal elevator. Place two spoon Hohmann 
retractors to protect soft tissue during the osteotomy; place one 
medial to the ilium to reflect the iHocus muscle and one over 
the dorsal crest of the ilium to retract the gluteal muscle mass. 
Judge the cranial position of the osteotomy by placing the os~ 
teotomy plate such that the most caudal plate hole is 1 to 2 cm 
cranial to the acetabulum. Perform the tliol osteotomy with an 
oscillating sow on a line perpendicular to the long axis of the 
hemipelvis. Lateralize the caudal segment with bone-holding 
forceps and secure an appropriate osteotomy plate to this seg¬ 
ment Next, reduce the osteotomy and apply plate screws in 
the cranial segment r If the cranial plate screws penetrate the 
sacrum, th ey should p enetrate well with in th e sacrum to avoid 
premature screw loosening. Remove the sharp spike of ilium 
dorsal to the plate , frag men/ it, and use it as bone graft at the 
osteotomy site. To close the incision , place sutures between the 
fascia of the middle gluteal muscle and that of the tensor fas¬ 
ciae latae muscle erantally and between the superficial gluteal 
muscle and the tensor fasciae latae caudaHy. Approximate the 
gluteal fascia and tensor fasciae latae, subcutaneous tissue , 

and skin, using standard methods. 

Femoral Head and Neck Ostectomy 

Make a craniolateral approach to the hip joint and luxate 
the hip. If the round ligament is intact , incise it, incising the 
round ligament is facilitated by placing lateral traction on the 
greater trochanter with bone-holding forceps and subluxat¬ 
ing the femora! head. This allows curved scissors to be 
placed into the joint to cut the ligament Perform the ostec¬ 
tomy by externally rotating the limb to where the joint line of 
the s tifl e is pa ro 11 el to th e opera ting tab! e . iden ft fy the line of 
ostectomy perpendicular to the operating table at the junc¬ 
tion of the femora/ neck and the femoral metaphysis (Fig. 
35~65), To ensure the accuracy of the bony cut, predrill 

ree or more holes along the line of the ostectomy. 
Use an osteotome and mallet to complete the cut As an al¬ 
ternative, it may 6e easier to perform the ostectomy with an 
oscillating saw , 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


An oscillating saw, reciprocating saw, or osteotome and mal¬ 
let, self-retaining retractors, Hohmann retractors, and in¬ 
strumentation tor insertion of a bone plate and screws are 
necessary for pelvic osteotomy. Femoral head ostectomy re¬ 
quires an osteotome and mallet or oscillating saw. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


After pelvic osteotomy the patient should be restricted to 
leash exercise until radiographic evidence of healing of the 
osteotomies is complete, generally in 6 weeks. The dura¬ 
tion of exercise (leash walks) should be increased gradu¬ 
ally according to the patient's tolerance. Passive flexion 
and extension of the hip should be performed to help 
maintain hip motion. If the contralateral side is to have 
surgical treatment, the second surgery should be per¬ 
formed when discomfort associated with the first surgery 
is well tolerated by the dog. Reported complications in¬ 
clude implant failure, loss of limb abduction, and pelvic 
outlet narrowing. However, the incidence of complica¬ 
tions is low, and reports of long-term clinical function are 
good to excellent, Early active use of the limb is beneficial 
after femoral head ostectomy. Passive flexion and ex leu 

■r 

sion of the hip joint should be performed two or three 
times daily Frequent leash walking should be begun im¬ 
mediately after surgery After suture removal, running and 
swimming should be encouraged. Good return of active 
limb function depends on the length of time the patho¬ 
logic hip joint condition was present and on the severity of 

the degenerative changes. Patients with chronic disease 
(muscle atrophy and proliferative degenerative joint dis¬ 
ease) are slower to return to function than patients with 
acute lameness. 


n es 


PROGNOSIS 


The prognosis after pelvic osteotomy is largely determined 
by case selection. Best results are obtained in patients with 
acceptable physical findings (see above) and few or no de¬ 
generative changes. Long-term function is good to excellent. 
Although degenerative changes are radiographically evident 
after this procedure, they are less than what would be ex¬ 
pected without surgery, total hip replacement results in ex¬ 
cellent return to normal function unless complications oc¬ 
cur. Results after femoral head ostectomy vary. The 
prognosis is highly dependent on the patient's size and on 
postoperative physical therapy In large patients, approxi¬ 
mately 50% of animals have good or excellent function.Th 
remainder have varying degrees of lameness, but function 
usual ly is imp roved co m pa re d with the p reoperative sta t us. 
Medium and small patients usually have good or excellent 
limb function. 


Ventral reflection of the vastus lateralis muscle facilitates 
proper placement of an osteotome or saw blade during this 
proced u re. 


Once the femoral neck and head have been removed, pal¬ 
pate the cut surface of the femoral neck for irregularities . 


The most common finding is a shelf ol femoral neck left 
on the caudal surface of the femur. 


Re 
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Remove any edges with rongeurs. Suture the joint capsule 
and the deep gluteal muscle over the acetabulum if possible . 


ti 


ac 


Postoperative function is improved when soil tissue, such 
as the deep gluteal muscle, is interposed between the cut sur¬ 
face of the femoral neck and the acetabulum. 
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FIG 35-65 

centered over 

fascioe lotae muscie cron tally. B, incise the vastus lateralis muscle anc 

C, Incise the oint capsule and perform the osteotomy by externally rotating the limb such 
that the joint line of the stifle is parallel to the operating table. Identify then 
perpendicular to the operating table at the junction of the femoral neck and femora 


t osteotomy, make 
iceps femoris muscle 


niofateral skin incision 


the hip joint. A, Retract the b 


me c 


metaphysis. 
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A careful physical examination should be performed before 

induction of anesthesia and treatment of the luxated hip to 
identify concurrent trauma. 


Leighton EA: Genetics of canine hip dysplasia, I Am Vet Med 
210:1474, 1997. 
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arthroplasty and triple pelvic osteotomy for the treatment of hip 
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NOTE • Early reduction of luxated hips is essential 
Do not delay in treating these animals. 
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Signalment. Any age or breed and either gender of dog 
or cat may be affected. 

History. Affected animals usually show a unilateral 
weight-bearing lameness. The traumatic episode may 


Hon¬ 
or may not be witnessed by the owner. 


Physical Examination Findings 


are presented for evalua- 
noiv weight-bearing lameness associated with 


Animals with hip luxation usually 

tion of a 

trauma. When the femur is displaced craniodorsally the 

carried adducted, with the stifle externally rotated 


COXOFEMORAL LUXATION 


limb is 

(Fig, 35-66). When it is displaced caudo vent rally, the limb is 
carried abducted, with the stifle infernally rotated. Manipu¬ 
lation of the limb causes crepitus or pain. A palpable lack of 
symmetry is noted between the tuber ischii and greater 
trochanter on the affected side compared with the norma] 
limb. With craniodorsal displacement, the greater trochanter 

is dorsal to an imaginary line drawn from the 

to the tuber ischii, and the distance between the tuber 
ischii and greater trochanter is greater than in the normal 
limb (Fig. 35-67). With a ventrocaudal luxation, the greater 
trochanter is displaced vent rally, and the space between the 
tuber ischii and greater trochanter may be narrowed. 


DEFINITION 


Coxofemoral luxation is a traumatic displacement of the 
femoral head from the acetabulum. 


SYNONYM 


Hip luxation 


c re st o f the i I - 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


ium 


Coxofemoral luxation typically results in dorsal displace¬ 
ment of the femoral head relative to the acetabulum. Most 
affected animals have sustained trauma such as motor vehi¬ 
cle accidents. Ventrocaudal displacements, in 
femoral head may lodge within the obturator foramen, oc- 
less often. This type of luxation may be associated with 
fracture of the greater trochanter. Spontaneous luxation has 
been described and carries a poor prognosis (Trostel, Peck, 
deHaan, 2000), The amount of soft tissue damage surround¬ 
ing the hip joint depends on the trauma incurred. The round 
ligament of the femoral head always fails completely; it may 
be an interstitial rupture or an avulsion of the ligament 
the fovea capitis. The fibrous joint capsule must also be com¬ 
pletely torn to permit dislocation of the femoral head. The 
tear in the joint capsule may be a small rent through which 
the femoral head is dislodged, or complete fraying of the 

tire capsule may occur. 

Hip luxation should be treated as quickly as possible to 

prevent continued damage of the soft tissues surrou 
the hip joint and degeneration of articular cartilage. Articu¬ 
lar cartilage derives its nutrients from synovial fluid, which 
is pumped into the matrix during normal articular move¬ 
ment. Early reduction allows rapid return of the articular 
cartilage’s nutrient source. Because coxofemoral luxations 
usually are associated with trauma, as many as half of these 
patients have a major injury in addition 


Radiography 

The diagnosis of hip luxation should be confirmed with ven¬ 
trodorsal and lateral radiographs (Fig. 35-68). Before a treat¬ 
ment method is 
evaluated for evidence of avulsion of the fovea capitis, assu - 


wh ich t h e 


cur 


chosen, radiographs should be carefully 
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en- 






FIG 35-66 


Typical carriage of the limb in a patient with a eraniodorsc 
coxofemoral luxation. Note the position of the paw beneatti 
the body and the external rotation of the stifle. 


to the hip luxation. 












no3 
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MEDICAL OR CONSERVATIVE 
MANAGEMENT 


dated hip joint fractures, and degenerative changes second- 
ary to poor joint conformation. 

Laboratory Findings 

Consistent laboratory abnormalities are not 


Coxofemoral luxation may be managed with closed manip¬ 
ulation to replace the femoral head within the acetabulum 

or with open 

should be attempted before open reduction in most animals 
unless there is radiographic evidence ot severe hip dysplasia 
fracture. The animal should be anesthetized for a closed 


surgical manipulation. Closed reduction 


DIFFERENTIAL DIAGNOSIS 


the hip 


Differential diagnoses include acute subluxation 
joint secondary to hip dysplasia, femoral capital physeal 

fracture, femoral neck fracture, and acetabular fracture. 


or a 

reduction. 
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FIG 35-6X , . , , . 

With craniodorsol displacement of the femur, the greater trochanter is dorsal to an 

imaginary line drawn from the crest of the ilium to the tuber ischii, and the distance 
between the tuber Ischii and the greater trochanter is greater than In the normal limb. 
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FIG 35-68 


with a craniodorsal coxofemaral luxation. 


Ventrodorsal radiograph of an animal 
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4 to 7 days. After removal 


removed in 


until the bondage is 
of the bondage, limit activity to controlled leash walking for 

on additional 2 wee/s s. 


Closed Reduction of a 

Craniodorsal Luxation 

Place the patient in lateral recu 
thesio. Grasp the affected limb with one hand 
joint and place the other hand under the limb against the 
body wall to provide resistance (Fig. 35-69 , AJ. As on alter¬ 
native, in large dogs place a rope around the groin of the 

over 


mbency under general ones- 

the tarsal 


near 


Closed Reduction of a 
Caudoventral Luxation 


lateral recumbency with the limb held 


Place the patient in | 
perpendicular to the spine. Grasp the limb near f/ie torso! 

joint with one hand and place the other hand to stabilize the 

body (Pig, 35-70, AJ. Place traction on 

multaneously abducting the leg to pull the femoral bead be* 
yand the medial rim of the acetabulum (Fig. 35-70, BJ. 
Once the femoral head has cleared the acetabular rim, ex- 
erf lateral pressure to position the femora! head hterol to 
the acetabulum . Push proxt molly and allow the femoral 

head to fall into the acetabulum (Pig. 35-70 f Cj. After re¬ 
duction, place the patient in hobbles to prevent abduction of 
the limb. Limit activity to controlled walking on a leash until 

the bandage 
leash walking for an 
have been removed. 


it to the table to pro 


the hip , and 


affected limb 


secure 

Externally rotate the limb and pull it caudally 

over the acetabulum (Fig. 


vide resistance, 
to position the femora/ 

35-69, BJ. When the femoral head lies lateral to the acetab¬ 
ulum, internally rotate the limb to seat the femoral head 
within the acetabulum (Fig. 35-69 , CJ, Apply medial pres¬ 
sure to the greater trochanter while flexing and extending 
the joint to help expel debris from the acetabular cup , This 
maneuver is critical to maintaining reduction and should be 
performed for 10 to 15 minutes. Place the limb in on Ebmer 
bandage fsee p, 840). if the hip is very stable f or if the ani¬ 
mal's conformation or multiple limb trauma prohibits the 
of a sling, cage confinement may be adequate. Limit the an¬ 
imal to cage confinement and controlled activity on a feasb 


f/ie //mb while si- 


rem oved in 4 to 7 days. Limit activity to 

dditional 2 weeks after the ftobbfa 


use 


FIG 35-69 , ff , , , tL t 

Closed reduction of a craniodorsal hip luxation. A , Grasp the affected Limb near the tarsus 

the other hand under the limb against the body wall to provide 

udaily to position the femoral head 

' m, internally 


with one hand and place 

resistance, B, Externally rotate the limb and pull it ca 

the acetabulum. C, When the femora! head lies lateral to the acetabulu 

the limb to seat the femoral head within the acetabulum. 


over 
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Preoperative Management 

These animals should be thoroughly examined for evidence 
of concurrent trauma. Surgery may need to be delayed until 
the animal's condition has been adequately stabilized. 

Anesthesia 

See p. 824 for anesthetic considerations for patients with or¬ 
thopedic disease. 

Surgical Anatomy 

The normal anatomy of the hip is described on p. 973. With 
hip luxation the anatomy may appear abnormal, and tissues 


SURGICAL TREATMENT 


Open reduction is indicated with avulsion of the fovea capi¬ 
tis or when dosed reduction has failed to maintain hip re¬ 
duct ton, The hip j o in t sho u 1 d be expl or ed t o as se ss t h e so ft 
tissue injury and the likelihood of maintaining reduction 
with a reconstructive procedure. If stability of the hip joint 
can be achieved through a reconstructive procedure, there 
are a number of techniques from which to choose, if no rea¬ 
sonable chance exists of maintaining long-term reduction 
after a stabilization procedure, an alternate procedure must 
be considered, such as a femoral head and neck osteotomy 
(seep. 1100} or total hip replacement. 
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FIG 35-70 

Closed reduction of a caudoventral hip luxation. A, Place the patient in lateral recumbency 
with the limb held perpendicular to the spine. Grasp the limb near the tarsal joint with one 
hand and use the other hand to stabilize the body, B, Place traction on the limb while 

the Femoral head beyond the medial rim of the 


simultaneously abducting the leg to pu 
acetabulum. C, Once the femoral head has cleared the acetabular rim, exert lateral 

medial to the hip joint to position the femoral head lateral to the acetabulum. Push 

the femoral head to fall into the acetabulum. 


pressure 
proximally and a ow 
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may be difficult to identify. The muscles surrounding the 
joint often are bruised and swollen, It is helpful to reduce 
the hip before starting the surgical approach to establish 
normal tissue relationships. The cranial edge of the greater 
trochanter may be used to help identify the correct plane of 
surgical dissection. The prominent tendinous insertion of 
the deep gluteal muscle can also be used for orientation. 
When the hip is luxated, the femoral head usually lies be¬ 
neath the deep gluteal muscle. The proximal femur usually is 
displaced craniodorsally and may obscure visualization of 
the acetabulum. 








Positioning 

The patient is positioned in lateral recumbency with the af¬ 
fected limb up. The limb is suspended for surgical prepara¬ 
tion to allow limb manipulation during surgery. 


FIG 35-71 


Coxofemoral joint stabilization by means of capsubrrhapfy 
Interrupted sutures have been placed to appose the joint 
capsule. 


SURGICAL TECHNIQUES 


Surgical stabilization of hip luxation may be accomplished by 
capsular reconstruction if the joint capsule is intact. When 
the capsule cannot be securely closed or if added stability is 
needed, other reconstructive procedures must be performed 
to ensure hip stability for 3 to 4 weeks until capsular healing 
occurs. Reconstructive procedures include synthetic capsular 
reconstruction with suture and bone screws or suture an¬ 
chors, toggle pin placement, or use of a transacetabular pin. 
Additional stability may be gained by translocation ot the 
greater trochanter. If the dog is dysplastic, triple pelvic os¬ 
teotomy maybe indicated to maintain hip reduction. 


a b s o i ! ■ t b !e ,• n j ; i ofi la went I 


Suture the joint capsule with non 
materia! using an interrupted pattern (Fig. 35-71). If the cap¬ 
sule has tom from its insertion site , drill small i 
femoral neck through which the suture can pass 
the capsule with suture anchors. 


o r rea Had\ 


Reconstruction of the joint capsule os 
means of stabilization requires that the dorsal 
joint capsule be identifiable and that the conforma 
tion of the hip joint be normal or near normal. 




Exploration of the Hip Joint 

Perform a craniolateral exposure of the hip joint (see 
I 101); if additional exposure is necessary , perform 
trochanteric osteotomy (see p. 973). Reflect the deep 

gluteal mus 

to the hip joint . Visualize and remove remnants of the 
nd ligament and debris from the femoral head and ac¬ 
etabulum; this allows the femoral head to completely seat 
within the acetabulum. Once the hip has been reduced , as¬ 
sess its stability by viewing the acetabular coverage of the 
femoral head and placing the hip joint through a complete 
range of motion. Perform the chosen stabilization tech¬ 
nique (see below). 


Joint Reconstruction 

The joint capsule may be shredded to a degree that primary 
suturing is impossible. In such cases a prosthetic capsule, 
toggle pin, or transacetabular pin can be used to maintain 
reduction during healing of the fibrous joint capsule. A pros¬ 
thetic capsule is made of suture material inserted in the 
craniodorsal acetabular rim and trochanteric fossa (Fig. 
35-72), ■ 

Place two screws with flat metal washers in the dorsal rim of 
the acetabulum. Insert one screw of the W o'clock position 
and one at the 1 o 
washer in the trochanteric fossa (as 
h ole th ro ugh the fem o rat n eck in the troch an teric fossa to 
accept suture). Pass heavy nonabsorbable suture in a figure- 
eight pattern between the acetabular screws and froctan- 

teric fossa. I 


a 


P> 


cle and visualize the femoral head craniodorsal 


rou 


'clock position. Place a third screw ond 

alternative, drill a 


NOTE • A Hohmann retractor placed within or 
caudal to the acetabulum and used to (ever the femur 
caudally improves visualization of the acetabulum. 


Capsule Reconstruction 

It is not uncommon for the joint capsule to be intact except 
for a small rent, through which the femoral head has luxated, 
or an area where the capsule has tom loose from its insertion 
site at the femoral neck. In both situations, if after replacing 
the femoral head the acetabular coverage is adequate and the 
joint stable through a range of motion, primary suturing of 
the capsule can be used as the sole reconstructive procedure. 


The same procedure may be performed using suture an¬ 
chors to secure the suture to the acetabulum and 
tro cha n t e r i c fo ssa. 

A toggle pin technique may be beneficial when the cap¬ 
sule is severely damaged or the luxation is chronic, or it mul¬ 
tiple limb injuries demand early use of the reconstructed 
hip. The synthetic round ligament created will not last in- 
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definitely, but if properly placed will provide stability until 
capsular fibroplasia occurs* 


Storting ot the level of the third trochanter and centered in 

use a C-guide to drill a 2,5-mm hole that 


exits ot the fovea capitis {Fig . 35-73 f A). Drill 


a 


hole through the upper end of the acetabular fossa (Fig. 
35-73 , BJ. Attach multiple strands of large nonabsorbable 

suture to a toggle pin made by bending a Kirschner wire to 

form a loop and two wings (Fig. 35-73 , C). Pass the toggle 

pin through the acetabular hole and rotate it by pulling on 
the suture until the pin is secured against the medial 
etabulor wall . Pass the so tore through the femoral tunnel \ 
reduce the hip , and pull the sutures taut (Fig. 35-73 , Dj. Se¬ 
th e suture by passing one pair of sutures through a 
drill hole created through the lateral femoral cortex and ty¬ 
ing it to the opposite suture pair. As an alternative, pass the 
suture through a two -hole polypropylene button and tie the 
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FIG 35-73 

Coxofemora! joint stabilization by placement of a prosthetic 
capsule. Note the strategic placement of bone screws in the 
dorsolateral acetabulum. Suture material is passed from the 
screws through a predrilfed tunnel in the dorsal femoral neck 
and tightened. The presence of suture in this position 

C revents croniodorsal reluxation* The same procedure may 
e performed using suture anchors. 


su tv re* 

To use a transacetabular pin , place the pin through th 
femoral neck into the medial wall of the acetabulum (Fig. 
35-74). Predrill a hole, slightly smaller than the diameter of 
the pin to be used , from the third trochanter and through the 
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FIG 35-73 

Stabilization of the coxofemora I joint with o toggle 
pin suture* A, Drill a hole centered through the 
femoral neck and (B) through the acetabular fossa, 

C Attach multiple strands of nonabsorbable suture to 
a to 


r 


r 


>f 


X 


e pin formed from a Kirschner wire. Pass the 
in through the hole in the acetabular Fossa 
to set the pin. D, Pass the sutures through the 
led in the femoral neck. Reduce the hip and 
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secure the sutures. 
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FIG 35-74 


Stabilization of the coxofemoral joint by placement of a 
transacetabular pin. The site for pin 
center of the femoral neck. The pin 
head 

nonarticu ar wa 


lacement is through the 


Reattachment 


snould exit the femoral 
cross the joint space, and enter the 
of the media! acetabular fossa. 


] 


FIG 35-75 


joint by translocating 
v site distal and slightly 


Stabilization of the coxofemoral 


greater trochanter. Prepare a new 

udal ta the normal anatomic position. Stabilize the greate r 

position with small pins and orthopedic 


P 


co 


femoral head to exit from the femora I head where the round 
ligament inserts. Insert the smooth pin through the drill hole 
until the pin point is visible just beneath the articular surface 
of the femoral head. Reduce the luxation and place the limb 
abduction and slight internal rotation. While exerting me- 

the greater trochanter, drill the pin into the 
aceta b u lar foss a, Ben d the p in at the th i rd troch an ter to pre¬ 
vent medial migration. Place the patient in an Ehmer band¬ 
age until the transacetabular pin is removed (generally 4 ta 


(tension band). 


wire 


h 




SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


P 


dial pressure on 


Either No. I or No. 2 nonabsorbable suture is used for cap- 
sule reconstruction. An osteotome, mallet, pins, and wire are 
needed for translocation of the greater trochanter. Prosthetic 
capsule reconstruction requires screws and stainless sled 
washers or suture anchors. Toggle pins are made of small 
Kirschner wires; a drill and drill guide are needed to place 
the toggle pin and suture. A small Steinmann pin is used tor 
transacetabular pin reconstruction. 


L 


NOTE * When placing a transacetabular pin, take 
care ta avoid driving the pin too far into the pelvic 
canal. The depth of the medial wall of the acetabu¬ 
lum is only 3 to 4 mm. 


L* 


ol 


POSTOPERATIVE CARE 
AND ASSESSMENT 


S 


Translocation of the Greater Trochanter 

If the hip is unstable and the gluteal musculature is not com¬ 
promised, a trochanteric osteotomy can be performed to 
translocate the greater trochanter distally and slightly 
dally to add stability to the repair. Relocation of the greater 
trochanter allows contraction of the gluteal muscles to 
abduct and internally rotate the femoral head. 

Perform a trochanteric osteotomy (see p , 973} and reflect the 
gluteal musculature proximolly. Once the hip has been 
cleaned of debris and reducedplace the limb in abduction. 
Use on osteotome and mallet to create a new surface caudal 
and distal to the point where the greater trochanter normally 

seats (Fig. 35-75). Then replace the greater trochanter at its 
new attachment site and secure it in position with a tension 
band. 


Patients may be placed in an Ehmer bandage to assist hip re¬ 
duction in the early postoperative period. The bandage is re¬ 
moved 4 to 7 days after reduction. Cage confinement maybe 
ade quate fo r d ogs wi t h stable hi ps. Lea sh ac t i vity is requi td 

additional 3 weeks, and the animal is gradually re¬ 
turned to full activity over a 2-week period. Reexamination 

3 days after removal of the Ehmer bandage and before re¬ 
sumption of unsupervised activity is advised. 
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PROGNOSIS 


the 


he; 


The success rate for maintaining reduction and regaining 
good to excellent limb function with closed reduction is 
about 50%, The success rate is lower in patients with poor 
conformation of the hip joint secondary to hip dysplasia or 

traum a. Clinical s tudi es i ndi cate tha t th e success 01 

surgical intervention after failure of dosed reduction is not 
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traosseously along the surface of the femoral neck, cross the 
growth plate, and penetrate bone to supply nourishment to 
the femoral epiphysis. Synovitis or sustained abnormal limb 
position may increase int particular pressure enough to col¬ 
lapse the fragile veins and inhibit blood flow. An autosomal 
recessive gene has been proposed as a genetic cause for the 

development of aseptic necrosis of the femoral head. After 
cell death occurs, the reparative processes begin. The bone 
substance is weakened mechanically during the revascular¬ 
ization period, and normal physiologic weight-bearing forces 
may cause collapse and fragmentation of the femoral epiph¬ 
ysis. When this happens, incongruence of the femoral epiph¬ 
ysis and acetabulum results in degenerative joint disease. 
Fragmentation (fractures) of the femoral epiphysis and os¬ 
teoarthrosis cause pain and resulting lameness. 


different from the success rate in patients undergoing surgi¬ 
cal reduction as a primary treatment. Therefore it is reason¬ 
able to attempt closed reduction in patients with a hip luxa¬ 
tion. The success rate for maintaining reduction w r ith good 
to excellent limb function after open reduction is approxi¬ 
mately 85% to 90%. The results do not appear to favor any 
one reconstruction technique. 
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DIAGNOSIS 

Clinical Presentation 

Signalmen!, Legg-Perthes disease is diagnosed in 
young, small-breed dogs (i.e., under 10 kg). The peak inci¬ 
dence of onset is 6 to 7 months w ith a range of 3 to 13 
months, and males and females are equally affected. This 
condition occurs bilaterally in 10% to 17% of affected ani¬ 
mals (Pick et al*, 1996). Cats apparently are not affected. 

History. Affected animals usually are presented for eval¬ 
uation of a slow onset, weight-bearing lameness that w ors¬ 
ens over a 6- to 8-week period. Lameness may progress to 
non-weight-bearing. Some clients report an acute onset of 
clinical tameness, in these patients sudden collapse of the 
epiphysis may cause acute exacerbation of an already present 
but imperceptible lameness. Other clinical signs can include 
irritability, reduced appetite, and chewing at the skin over 
the affected hip. 

Physical Examination Findings 

Manipulation of the hip joint consistently elicits pain in af¬ 
fected animals. Limited range of motion, muscle atrophy, 
and crepitus may be present with advanced disease. 


t EGG-PERTHES DISEASE 


DEFINITION 


Legg-Perthes disease is a noninflammatory aseptic necrosis 
of the femoral head that occurs in young patients before clo¬ 
sure of the capital femoral physis. 


SYNONYMS 


Ostco chon dri tis dissecan s of th e femo ra I h ea d, a vasculamecro - 
sis of the fem oral h ea d 


Radiography 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Radiographs show? deformity of the femoral head, shorten¬ 
ing of the femoral neck, and foci of decreased bone density 
within the femoral epiphysis (Fig. 35-76). 


kgg-Perthes disease results in collapse of the femoral epiph- 
ysis because of an interruption of b 1 ood 0ow* The reason for 
the loss of blood flow? is not known for certain, but several 
theories have been proposed, including hormonal influence, 
hereditary factors, anatomic conformation, intracapsular 
pressure, and infarction of the femoral head. The vascular 
supply to the femoral head in young animals with open prox¬ 
imal femoral physes is derived solely from epiphyseal vessels; 
metaphyseal vessels do not cross the phvsis to contribute to 
femoral head vascularity Epiphyseal vessels course ex- 


Laboratory Findings 

Consistent laboratory abnormalities are not seen. 


DIFFERENTIAL DIAGNOSIS 


5 


Differential diagnoses include physeal trauma and luxation 
of the medial patella. Small dogs may have concurrent bilat¬ 
eral medial patellar luxation (see p* 1133), and the stifle joint 
must be examined carefully to diagnose this condition. 
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to facilitate manipulation of the limb during surgery. 
The leg should be prepared from the dorsal midline to 

midtibia. 


SURGICAL TECHNIQUE 


Excision of the femoral head and neck is the treatment of 
choice. See p. 1100 for a description of the technique. 


SUTURE MATERIALS AND SPECIAL 
INSTRUMENTS 


Instruments necessary to remove the femoral head and neck 
in small do gs i ncl u de a n ost eo to m e a n d m allet, bon e cutters, 

and rongeurs. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


FIG 35-76 


Radiograph of a young dog with legg-Perfhes disease. The 
femoral head appears moth-eaten and is misshapen. 


The animal should be encouraged to use the limb immedi¬ 
ately after surgery. NSAIDs should be administered to re- 

and encourage early function. Passive flexion and 
extension of the hip joint should be performed twice daily as 

the animal tolerates it. Physical therapy should be 


duce pain 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


soon as 

initiated with small movements and the range of motion 


gradually increased over 5 to 10 minutes. 


Because the condition is not painful in most dogs during the 
early stages of the disease, the diagnosis often is made after 
11apse and fragmentation have resulted in joint incon¬ 
gruity and degenerative joint disease. Conservative treat¬ 
ment with antiinflammatory medication and leash-limited 

swimming, may 


PROGNOSIS 


CO 


The prognosis for normal limb use is good after femoral 
head and neck excision because of the small size of affected 
dogs; however, owners should be warned that slight, inter¬ 
mittent lameness may still occur in damp weather or alter 
heavy exercise or a period of inactivity. Poor results occur 
occasionally and have been related to non-weight-bearing 
before surgery, severe preoperative muscle atrophy, and in¬ 
correct surgical technique. 


exercise, such as 


or non-weight-bearing 
provide pain relief in a small percentage of dogs, but most 
dogs require surgical intervention to relieve the lameness. In 

made before collapse of the 


1 


rare cases the diagnosis is 
femoral head, and treatment consists of limiting weight 
bearing on the limb during the revascularization period to 
prevent collapse of the femoral head. 
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Reference 
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SURGICAL TREATMENT 


i 


Piek CJ et al: Long-term follow-up of avascular necrosis of tfce 
femoral head in the dog, / Small Anim Pract 37:12,1996. 


Preoperative Management 

Activity is limited until definitive surgical treatment has 
been performed. Antiinflammatory medications may be ad¬ 
ministered for pain relief. 
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Anesthesia 

The anesthetic management of animals with orthopedic dis¬ 
ease is provided on p. 824. 


STIFLE 


n 


CRANIAL CRUCIATE LIGAMENT RUPTURE 


a 


P 
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Surgical Anatomy 


DEFINITIONS 


tr 


The anatomy of the coxofemoral joint is discussed on p. 973. 
In animals with Legg-Perthes disease, the joint capsule ap- 

thickened and more vascular than normal. The 


Cranial cruciate ligament injuries are complete or partis 
tears. Cranial drawer is a term used to describe excessive 
craniocaudal movement of the tibia relative eo the femur as 

a result of cruciate ligament injury. Cranial tibia! thrust 
defined as the cranial movement of the tibial tuberosity in 
the cranial cruciate—deficient stifle when the hock is tlexed 
and the gastrocnemius muscle contracts. 


ci 


d 


pears 

femoral head and neck often appear misshapen. The bone 
may be soft and may fragment when the head and 
excised, requiring that rongeurs be used to 


si 


cc 


are 


remove small 


pc 


tragn icnts. 


te 


Positioning 

The animal is positioned in lateral recumbency with the 
affected leg up, A hanging-limb preparation may be used 
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SYNONYMS 
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Anterior cruciate ligament injury, football players knee 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


ble joint (see p. 1130). Progressive osteoarthritis occurs after 

cranial cruciate ligament rupture regardless of the treatment 
method. 


The cranial cruciate ligament (CCL) is divided into cranio- 
medial and caudolateral bands, which have different inser¬ 
tion points on the tibial plateau. The craniomedial band is 
taut during all phases of flexion and extension; the caudolat¬ 
eral band is taut in extension but becomes lax in flexion. The 
CCL also functions to limit internal rotation of the tibia; as 
the stifle is flexed, the cranial and caudal cruciate ligaments 
twist on each other, limiting the degree of internal rotation 
of the tibia relative to the femur. The interaction of the cra¬ 
nial and caudal cruciate ligaments during flexion also pro¬ 
vides a limited degree of varus-valgus support to the flexed 
stifle joint. 

Meehan o receptors and afferent nerve endings have been 
identified in the interfiber layers of the cranial cruciate liga¬ 
ment Innervation of the ligament serves as a proprioceptive 
feedback mechanism to prevent excessive flexion or exten¬ 
sion of the stifle joint. This protective action is accomplished 
through stimulation or relaxation of muscle groups that 
lend support to the joint. 


DIAGNOSIS 

Clinical Presentation 

Signalment. Either gender and any age or breed of dog 

may be affected; however, most dogs presented for treatment 
of CCL injury are young, active, large-breed dogs. CCL in¬ 
jury is rare in cats. 

History. Acute injury, chronic injury, and partial tears 

are three clinical presentations associated with cranial cru¬ 
ciate ligament injury. Patients with acute tears show a sud¬ 
den onset of non-weight-bearing or partial-weight-bearing 
lameness. Lameness usually improves within 3 to 6 weeks af¬ 
ter injury without treatment, particularly in patients that 
weigh less than 10 kg. Retrospective studies of dogs weighing 
less than 10 kg indicate that they typically have adequate 
clinical function with conservative treatment. Conversely, in 
dogs larger than 10 kg, lameness typically improves, but the 
animal does not return to preinjury activity without evi¬ 
dence of recurring lameness. Chronic lameness is associated 
with the development of degenerative joint disease. Partial 
cranial cruciate ligament tears are difficult to diagnose in the 
early stages of injury. Initially, affected animals have a mild 
weight-bearing lameness associated with exercise; the lame¬ 
ness resolves with rest. As the ligament continues to tear and 
the stifle becomes increasingly unstable, degenerative 
changes worsen, and lameness becomes more pronounced 
and does not resolve with rest. 


1 


5 


1 


NOTE * The craniomedial band of the cranial cru¬ 
ciate ligament is the primary check against cranio- 
cauda! drawer motion. 


il 


d 


Cranial cruciate ligament failure can result from degener¬ 
ative and traumatic causes. The categories are interrelated, 
because ligaments weakened by degeneration are more 
susceptible to trauma. Degeneration of the ligament is asso¬ 
ciated with aging (especially in large-breed dogs), conforma¬ 
tional abnormalities (straight rear limbs), and immune- 
mediated arthropathies. The mechanism of CCL traumatic 
injury is primarily a reflection of its function as a constraint 
to joint m at ion. Acute i nj ury i s in ost c om mo nly ass ociated 
with the hyperextension and internal rotation of the leg that 
occurs when a dogs foot becomes caught in a hole or fence, 
lumping can also cause cruciate ligament rupture if the force 
of the cranial tibial thrust exceeds the breaking strength of 
I the ligament. With ligament degeneration, even repetitive 
normal activities can cause progressive rupturing of the lig- 
I ament. In many cases the underlying pathologic condition is 
present in both stifles, and a high percentage of dogs either 
have bilateral cruciate ligament rupture or rupture the con- 
I tralateral ligament within 1 to 2 years. Partial rupture of the 
cranial cruciate ligament results in lameness with minimal 
detectable stifle instability and progressive radiographic 
i signs of osteoarthritis. Partial rupture generally proceeds to 
I complete ligament rupture with time. 

I Cranial cruciate ligament injury with stifle instability is 
part of a cascade of events that include progressive os- 
I teoarthritis and medial meniscus injury. Stifle instability re- 
I suits in synovitis, articular cartilage degeneration, periartic- 
I lilar osteophyte development, and capsular fibrosis. The 
immobile medial meniscus is subject to injury in the unsta- 
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Physical Examination Findings 

Animals with acute tears often are apprehensive during ex¬ 
amination of the stifle joint, but pain usually is mild or ab¬ 
sent. Instability can be difficult to elicit because of the pa¬ 
tient's apprehension and the resulting muscle contraction. 
Joint effusion may be palpable adjacent to the patellar ten¬ 
don. Patients with chronic tears may have thigh muscle atro¬ 
phy (compared with the normal limb), and crepitus may be 
evident when the stifle is flexed and extended. When the 
joint is extended from a flexed position, a clicking or pop¬ 
ping may be heard and felt; this is commonly associated with 
a meniscal tear. However, the absence of joint noise does not 
eliminate the possibility of meniscal injury. An enlargement 
along the medial joint surface often can be palpated and is 
caused by osteophyte formation along the trochlear ridges 
and fibrous tissue formation along the medial condyle. 

Craniocaudal instability can be difficult to elicit, particularly 
in large or apprehensive patients with chronic tears, because 
of proliferation of the fibrous joint capsule. 

With partial tears, early instability is difficult to detect be¬ 
cause a portion of the ligament is intact and inhibits cranio¬ 
caudal movement. Tearing of the caudolateral band alone 
does not produce instability, because the intact craniomedial 
band is taut in both flexion and extension. If an isolated in¬ 
jury to the craniomedial band occurs (caudolateral band re¬ 
mains Intact), the joint is stable in extension because the 
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head* The tibia must be held in neutral position, as deter¬ 
mined by the position of the fingers on the patella and tibia! 
tuberosity, and not be allowed to rotate internally If this oc¬ 
curs, internal rotation of the joint may appear as cranial 
drawer movement* The examiner must test for signs of insta¬ 
bility with the stifle joint in extension, in the normal standing 
angle, and in 90 degrees of flexion* If the degree of movement 
is questionable, comparison with the opposite limb is helpful. 
A positive test result is craniocaudal movement beyond the0 
to 2 mm found in normal stifle joints, in younger patients, 
craniocaudal translation may be as great as 4 to 5 mm, but 
ligament rupture is confirmed by the absence of an abrupt 
stop at the cranial extent of movement* Because most isolated 
cruciate ligament tears involve the cranial cruciate ligament, 

associated with injury of 
this ligament. If a partial tear is present, the cranial drawer 
sign may reveal only 2 to 3 mm of instability when the test is 
done with the stifle flexed and no instability with the stifle in 
extension. Upon completion of the cranial drawer test, the 
stifle should be flexed and extended through a range of nor¬ 
mal movement. With the leg in extension, collateral stability 
should be assessed* 


caudolateral band remains taut; however, instability is pres¬ 
ent in flexion because the caudolateral 
comes lax during flexion* Initially, pain, synovial effusion, 
and crepitus are absent, but signs of instability and degener¬ 
ative joint disease eventually become evident* 


norm; 


the limb that has the sus- 


NOTE * Always compare 
pected injury with the opposite limb if 
and stifle swelling is questionable. 


the Instability 




Cranial drawer movement is diagnostic of cruciate liga¬ 
ment injury. The cranial drawer test is performed with the 
patient in lateral recumbency* Lack of adequate patient relax¬ 
ation is the single most common cause of failure to elicit cra¬ 
nial drawer movement. Therefore if suspicion is high that the 
lameness is caused by cruciate ligament injury, general anes¬ 
thesia or heavy sedation may be necessary to negate the in¬ 
fluence of muscle tension (see p* 847)* Once the dog is in lat¬ 
eral position, the examiner stands to the patient's rear and 
positions the thumb and forefinger of one hand on the femur 
(Fig. 35-77). The thumb is placed directly behind the fahella 
and the forefinger over the patella. The remaining fingers are 
wrapped around the thigh. The other hand is placed on the 
tibia with the thumb directly behind the fibular head and the 
forefinger over the tibia! crest. The three remaining fingers 
are wrapped around the fibial shaft. The femur is stabilized 
with the one hand while the second hand moves the tibia for¬ 
ward and back in a direction parallel to the transverse plane 
of the tibial plateau. The pressure to move the tibia forward 
should be applied through the thumb behind the fibular 
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craniocaudal instability usually is 


t 


a 


a 


E 


L 


P 


* 


sj 


NOTE * juvenile dogs have increased joint laxity 
(4 to 5 mm] but maintain a distinct end point when 
the tibia Is moved cranially. 
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Radiography 

With acute tears radiographs are helpful in ruling out other 
causes of stifle joint lameness* Radiographic Endings in pa- 
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FIG 35-77 


To examine for cruciate ligament injury, place the thumb of one hand over the lateral 
fa be! la and the Index finger over the patella* Stabilize the femur with this hand. Place the 
thumb of the opposite hand caudal to the fibular head with the index finger on the tibiol 
tuberosity., With the stifle flexed and then extended, attempt to move the tibia cranially and 
distally to the femur. 
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dents with chronic ligament tears or partial tears include 
compression of the fat pad in the cranial aspect of the joint 
and extension of the caudal joint capsule caused by joint ef¬ 
fusion and osteophyte formation along the trochlear ridge, 
the caudal surface of the tibial plateau, and the distal pole of 
the patella (Fig. 35-78). Thickening of the medial fibrous 
joint capsule and subchondral sclerosis are also evident. 

Laboratory Findings 

If joint palpation and radiographs are inconclusive, joint 
centesis and synovial fluid examination are helpful. In cases 
of partial ligament tear, centesis is particularly helpful in 
identifying stifle joint involvement as the cause of the lame¬ 
ness. Increased amounts of joint fluid and a two- to 
three-fold increase in cell numbers (6000 to 9000 WBC/pl) 
are indicative of secondary degenerative joint disease (see 

alsop. 1033). 


to ensure optimum function. Lameness often resolves within 
6 weeks in small patients managed conservatively fi.e., rest 
and antiinflammatory drugs). These patients appear to 
function normally on the injured leg; however, instability 
persists and secondary degenerative joint disease frequently 
develops. Despite the fact that the animal appears to func¬ 
tion adequately after the initial injury, body weight often is 
merely shifted to the uninjured leg. Abnormal stress coupled 
w r ith the increasing mechanical weakness of the cruciate lig¬ 
ament associated with aging may lead to rupture of the cru¬ 
ciate ligament in the opposite stifle joint within 12 to 18 
months. Because these patients are then nonambulatory, 
they often are incorrectly diagnosed as having an acute neu¬ 
rologic problem. An accurate history and physical examina¬ 
tion should alert the clinician to the fact that bilateral cruci¬ 
ate ligament injury, rather than neurologic disease, is the 
problem. Treatment of patients with bilateral cruciate liga¬ 
ment ruptures is less successful than in animals with only 
one injured stifle joint. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include mild joint sprains or muscle 
strains, patellar luxation, caudal cruciate ligament: injury, 
primary meniscal injury, long digital extensor tendon avul¬ 
sion, primary or secondary arthritis, and immune-mediated 
arthritis. 


NOTE • Injury of the contralateral cruciate liga¬ 
ment occurs in 40% of patients. The percentage i 
creases (60%) if radiographic changes are visible in 

the uninjured joint. 


m- 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


Arthroscopy of the Stifle Joint 

Indication 54 Diagnostic and therapeutic procedures of 
the stifle joint are performed arthroscopically. Diagnostic 
arthroscopy is most commonly used to confirm the presence 
of partial tears of the anterior cruciate ligament; therapeutic 

arthroscopy is most commonly applied for removal of cra¬ 
nial cruciate ligament remnants, assisted reconstruction of 
the cranial cruciate ligament, treatment of meniscal injury, 
and treatment of stifle GCD. In general the egress portal, 
arthroscope portal, and instrument portal sites are the same 
for these procedures. 

Instrumentation, A 2.7-mm arthroscope is commonly 

chosen for use in the stifle joint. A 4-mm arthroscope can be 
used in larger dogs, but the larger the arthroscope, the more 
difficult it is to introduce other instruments into the joint. 
An egress cannula is preferred over an egress needle, because 
the former is less likely to dislodge from the knee during sur¬ 
gery. A motorized shaver is essential to create a viewing win¬ 
dow through removal of interfering fat pad. The large shaver 
handpiece with a 3.5-mm or 4-mm full radius shaver blade 
is preferred. A radiofrequency unit or intraarticular electro- 
calitery is helpful to control hemorrhage and ablate tissue 
(meniscectomy). Arthroscopic electrocautery handpieces 
connect to standard electrocautery units. Hand instruments 
useful for stifle joint arthroscopy include probes, tissue 
graspers, and tissue biters. Instrumentation designed for ca¬ 
nine arthroscopy is becoming available; these instruments 
are preferable to most human small joint instruments be¬ 
cause the latter often are too large for use in dogs. Be aware 
that the smaller the instrument, the more delicate it is and 
thus the more easily damaged. 


Conservative treatment is best tolerated in patients weighing 
less than 10 kg and generally is unsuccessful in larger dogs. 
Surgical stabilization is recommended in patients of any size 


m 35*73 

Lateral radiograph of a dog with a chronic cruciate ligament 
rupture, Note the loss of Fat pad definition and distension of 
the caudal joint capsule. Also note the osteophyte formation 
along the trochlear ridge and the subchondral bone sclerosis 
of the tibial plateau. 







1114 PART IV Orthopedics 


the medial compartment of the joint. Use small hand insiiv- 
ments such as a grasper or probe to hold a torn section of 

then remove the damaged meniscus with /fie ob¬ 
lation unit or tissue biters , Once the menisci hove been in¬ 
spected and torn sections removed[ stabilize 


Portal sites and technique. locate die arthroscope 
portal lateral to the patellar tendon , approximately midway 
between the tibial tuberosity and the proximal pole of the 
patella . Place the instrument port at the same proximodistal 
level but medial to the patellar tendon. Place the egress port 
superior and medial to the patella. Once the egress port has 
been established , mate a scope port and insert the arthro- 

Systematically examine the suprapatellar comport- 

As the joint is flexed , position the 


memscus 


the CCh 


scope , 

men/ and trochlear ridges . 

arthroscope lateral to the intercondylar notch. 


Further examination of the joint is limited by the pres- 
of the fat pad, which generally is inflamed and obscures 


CdCL 


e nee 

visualization of the cruciate ligaments and menisci. 


Mo ice a viewing window through the fat pod so that you 
thoroughly examine the ligaments and menisci. Use 
tori zed shaver to remove the inflamed fat pad fFig . 35-79 j. 
Position the arthroscope to view the intercondylar notch and 
fop of the fat pad. Establish an instrument port as described 
above and insert the shaver blade . Visualize the shaver 
blade and position the shaver window away from the lens of 
the arthroscope. Remove tissue wa /he suefion and cutting 
action of the shaver blade. Visualize the cruciate ligaments 
(often remnants of the CCt) as a viewing window is estab¬ 
lished through removal of the fat pad (Fig. 35-80). Use a 

thermal ablation instrument to remove tissue that obstructs 
viewing of the internal structures of the joint. Once a view¬ 
ing window has been established , examine the cruciate lig¬ 
aments and menisci. Ablate or remove remnants of a tom 
CCL with the motorized shaven Examine both the lateral and 

media/ menisci for fraying or 


can 


a mo¬ 


no 35-80 

Cranial view of the intercondylar notch. The caudal cruciate 
ligament (CdCL) is intact. A .small cranial medial band is all 
that remains of the cranial cruciate ligament (CaCL), 


classical bucke/ handle tears. 


The medial meniscus is most commonly in jured (bucket 
handle tear, radial tears, or fraying). 


the posteromedial compartment (medial meniscus}, 
Hohmann retractor through the instrument portal 

alternative , apply a valgus stress to open 


Jo view 
place a 


(Fig. 35-8 J). As an 




*1 ■» ■*• 


PIG 35-81 

A, Craniol view of a frayed media! meniscus associated 

ial cruciate ligament. B, Cranial view of a 
bucket handle tear of the medial meniscus. The torn 
meniscus is Folded crania I ly farrowsj. 


FIG 35-70 

Motorized shaver removing fat pad cranial to the 
intercondylar notch to create a viewing window. 
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deficient joint , Use traditional stabilization by extraarficular 
methods (see p, 1119) or infra articular methods (see p. 11 16) 
or perform dynamic stabilization with a tibial plateau leveling 
osteotomy (see below). Perform a meniseal release or partial 
meniseal ablation with a tibial plateau leveling osteotomy 


procedure in functionally controlling them. Slocum intro¬ 
duced the concept of limb malalignment as a leading con¬ 
tributor to internal rotational moments acting about the sti¬ 


fle. That is to 


bowlegged" posture (as a 


say, a 

result of tibial or femoral varus) and a pigeon-toed stance 
(arising from internal tibial or femoral torsion) experiences 
dramatic internal rotatory moments acting about its stifle 
compared with a dog with a more aligned pelvic limb. Limb 
alignment adjustments coupled with the TPLO procedure 
help control excessive rotatory moments acting about the sti¬ 
fle in dogs with limb malalignment 

is an effective procedure for dogs with a complete 
or partial tear of the cranial cruciate ligament (Fig. 35-82), 
Many surgeons prefer TPLO for treating larger, active dogs 
in which long-term rehabilitation and postoperative control 
are difficult. The procedure requires special instrumenta¬ 
tion, and currently dogs must be referred to a surgeon certi¬ 
fied to perform the procedure* 


SURGICAL TREATMENT 


Surgical therapy is divided into intracapsular and extracap- 
sular reconstruction techniques, corrective osteotomy, or pri¬ 
mary repair with augmentation. The reconstruction method 
chosen is a matter of the surgeon s preference, because most 
retrospective studies have shown the success rate to be near 
90% regardless of the technique used. Intracapsular and ex- 
txacapsular reconstructions of the cranial cruciate ligament 
are equally popular among veterinary surgeons. Intracapsu- 
Ur reconstruction consists of passing autogenous tissue 
through the joint using the “over-the-top” method or passing 
the tissue through predrilled holes in the femur or tibia or 
both. Extra cap sular reconstruction involves the placement of 
sutures outside the joint or redirection of the lateral collateral 
ligament It is often useful to combine intracapsular and ex¬ 
tracap sular reconstructions in large- and giant-breed dogs. 


Intracapsular and extracapsular surgical procedures have 


focused on recreation of the passive constraints of the stifle 
joint (cranial cruciate ligament, joint capsule fibrosis). The 
tibial plateau leveling osteotomy (TPLO) is a relatively new 
surgical treatment for the CCL-deflcient canine stifle that 
changes the mechanics of the joint to achieve stabilization by 
active constraint of the stifle joint. The stifle joint normally is 
stabilized by both passive constraints (ligaments, menisci, 
joint capsule) and active constraints (muscles and tendons). 
The cranial cruciate ligament functions as a passive con¬ 
straint to cranial tibial translation and internal rotation of the 


tibia. Ground reaction forces and muscle forces generate 
compressive loads on the articular surface of the tibia during 
weight bearing. As a result of the caudally directed slope of 
the tibial plateau, when the tibia is loaded, a shear force is 
generated that induces abnormal tibial translation in CCL- 
defident stifle joints. The shear component of the compres¬ 
sive force is referred to as the cranial tibial thrust (CGT) and 
is passively constrained by the cranial cruciate ligament. The 
cranial tibial thrust is also proportional to the slope of the 
tibial plateau. If the slope of the plateau decreases, cranial tib¬ 
ial thrust also decreases. The tibial plateau slope can be 
duced such that tibial thrust changes from a cranio proximal 
direction to a caudal direction. At the point where the tibial 
thrust changes direction to a caudal thrust, there is increased 
reliance on the caudal cruciate ligament as a passive con¬ 
straint to abnormal translation. The intent of TPLO surgery 
is to attain a tibial plateau slope (approximately 5 to 7 de¬ 
grees) with which tibial thrust can be effectively controlled by 
the caudal cruciate ligament and the active constraints of the 
stifle (eg., the quadriceps muscle group). Because the cranial 
cruciate ligament also passively constrains excessive internal 
rotation of the tibia, we must logically question the source of 
these internally rotatory moments and the role oft he TPLO 


re- 




FIG 35-82 


A f Preoperative lateral radiograph of a dog showing 
measurement of the tibial slope for a tibial plateau leveling 
osteotomy (TPLO). B f Postoperative lateral radiograph 
showing leveling of the tibial slope [5 degrees) for active 

e cranial cruciate—deficient stifle ioint. 


stabilization of t 
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Regardless of the technique used to stabilize the stifle, the 
meniscus should be inspected for tears or other evidence of 
trauma. Damage to the caudal body of the medial meniscus 
is seen in 50% to 75% of patients with a torn cranial cruci¬ 
ate ligament (Moore, Read, 1996). Most of these patients 
have a bucket handle tear (see Fig. 35-81, B) t which must be 

excised. 
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Preoperative Management 

The activity of patients with tom cranial cruciate ligaments 
should be limited before surgery to prevent further damage 
to the articular cartilage caused by instability Perioperative 
antibiotics (see p. 826) and preemptive pain management 
with car pro fen or etodolac (see Table 35-3) are indicated for 
dogs undergoing stifle reconstructive techniques. 

Anesthesia 

General anesthetic recommendations for orthopedic pa¬ 
tients are discussed on p, 824. Opioid epidural administra¬ 
tion reduces postoperative discomfort (see p. 824). Intraar- 
ticular administration of 0.5% buptvacaine (0.5 ml/kg) 
morphine (0.1 mg/kg diluted with saline to a volume of 0.5 
ml/kg) before skin closure also reduces postoperative dis 

comfort (SammarcQ et aL, 1996). 
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Surgical Anatomy 


FIG 35-83 


Orientation of the cruciate ligaments and menisci. 


A knowledge of the origin and insertion of normal ligamen¬ 
tous structures in the stifle joint is important when consid¬ 
ering surgery to repair a cruciate ligament rupture. The ten¬ 
don of the long digital extensor muscle originates from the 
extensor fossa of the lateral femoral condyle and is located 
directly below the lateral arthrotomy incision. The CCL 
originates from the inside (medial) surface of the lateral 
femoral condyle (Fig. 35-83) courses distal and medial, spi¬ 
rals 90 degrees, and inserts onto the craniomedial surface of 
the tibia! plateau beneath the intermeniscal ligament. The 
caudal cruciate ligament is visible as a broad expanse of tig 








line to vjW- 


Incise the subcutaneous tissues along the same 
ize the septum between the superficial leaf of the fascia let 
and the biceps femoris muscle proximally and the lateral 
retinaculum di stall/. Make an incision through the fascia loto 
proximally and carry the incision through the fascia lata and 
lateral retinaculum distall/ (Figure 35-84, BJ. Mote on inch 
s/on through the joint capsule, beginning i 
patella. Continue the incision proximally along 
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cent to the patellar tendon and proximal to the patella 


ament located in the intercondylar notch. The medial and 


ft 


incise along the border of the vastus lateralis muscle toward 


lateral menisci are fibrocartilaginous disks that have a semi- 


the fabella (Fig. 35-84, Cj. Displace the patella medially b 


lunar shape and are attached to the tibia and surrounding 


expose the cranial surface of the joint. 


soft tissues (see p. 1130). If an extracapsular reconstruction 


is chosen as a method of treatment, care must be taken to 


Medial Approach to the Stifle Joint 


avoid the peroneal nerve coursing laterally and caudally to 


Make a craniomedial incision centered at the level of fa 


patella (Fig. 35-85).. Begin the incision 5 cm proximo) to 


Positioning 


below the tibiai crest, In- 


pa te//a and continue di stall/ 5 


cm 


cise subcutaneous tissues along th 


line to expose he 


The patient may be positioned in dorsal or lateral recum 


e same 


parapatellar medial retinaculum. Make an incision (/irougA 


bency. The limb should be prepared in a suspended position 


the medio/ retinaculum and joint capsule adjacent to /he me 1 


leg 


to allow maximum manipulation during surgery. 


dial ridge of the patellar tendon. Continue the incision ptm- 


should be clipped and prepared for aseptic surgery from the 


lly to the extent of the suprapatellar joint capsule and dh- 


hip to the tarsus. 


tally to the tibial tuberosity. 


SURGICAL TECHNIQUES 


Introcapsulor Repair 


Lateral Approach to the Stifle Joint 


Make a craniolateral skin incision centered at the level of the 


A popular intracapsular reconstruction is the placement rt 


pofe//a (Fig, 35-84 , Aj. Begin the incision 5 cm proximal to 


autogenous tissue graft through the joint to mimic the 


an 


below the tibial crest 


the patella and continue it distally 5 




course of the cranial cruciate ligament. The 
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FKG 35-84 


Lateral approach to the stifle joint. A, Make a craniolateral skin incision centered over the 
patella. Incise the subcutaneous tissues along the same line to visualize the septum between 
superficial leaf of the fascia lata and the biceps femoris muscle proximally 
lateral retinaculum distally, B, Make an incision through the fascia lata proximally and 


and the 


i 


incision through the fascia lata and iateral retinaculum disfa lly. c, Incise the joint 


capsule and continue the incision proximally adjacent to the patellar tendon. Then incise 
along the border of the vastus lateralis toward the fabella. Displace the patella medially to 
expose the cranial surface of the joint. 
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incision distally along the cranial edge of the biceps muscle 
to the tibial plateau (Fig. 35-86 , A ). When bringing the fas* 

it is extremely important to maintain 
equal width of the fascial graft along its entire length. Incise 
th e jo i n t caps u le fro m th e dis ta I po le of th e pa tel la to th e tih- 
i a I cres t At the level of the patella, d irec t the caps ule incision 
proximally and cavdally along the border of the vosfus la/- 
erahs muscle to the region of the lateral fabella. Luxate be 
patella medially to expose the cranial view of the stifle. Re* 

move the remnants of the torn cruciate ligament with a 
scalpel and examine the internal structures of the joint. To vi¬ 
sual ize the caudomedial compartment of the joint , place the 
tip of a Hohmann retractor on the caudal tibial spine and 
force the body of the retractor against the distal femoral 
trochlea. Place caudal pressure on the retractor handle to 
force the tibia forward and down 
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meniscus. Inspect the meniscus for damage . If it h 
grasp the torn section of meniscus with a forceps and excise 
the medial and lateral attachments. Widen the roof and faf 
era I wall of the intercondylar notch to ensure a dequote 
space tor the graft (notchoplasty). 
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Notchoplasty ensures that the walls of the intercondylar 
notch do not impinge on the graft. 

Next, free the insertion of the fascial graft from the tibiol 
plateau with a small osteotome and mallet Place 
teotome behind the tibial tuberosity just cranial to the muscu¬ 
lar groove of the long digital extensor muscle. Free the graft 
from th is s i te by removing a s mol I section of bone . Genially, 
use the osteotome to free the patellar tendon part of the graft 
from the craniolateral tibial crest. Remove a thin layer of bone 
with the tendon to free this section of the graft. Use o pe¬ 
riosteal elevator to reflect the cranial tibialis muscle from the 
craniolateral face of the proximal tibia. Drill a tunnel large 
enough to accept the graft from th e cronial surface of the tibk 
to the insertion of the cranial cruciate ligament inside the jbW 
(Fig. 35-86 , Bj. Place a wire loop through the funnel from irr 
side the joint and exiting laterally. Pull the graft through the 
tun net in to the joi n t with the a id o f the wire loop , When pbc 
ing the gra ft he s ure the bone is sea ted well in s ide the tunnel, 
Then pass the graft through the joint by passing it "over the 

top " of the lateral condyle or by passing it through a drill We 

o ver-the - top m aneuver, pass a 
curved forceps over the top of the fabella from covdol to erg- 
n ial. Gtide th e forceps nex t to th e la feral condyle and pe ne- 
trate the caudal joint capsule. Grasp the free end of be graft 
and pull it through the joint (Fig. 35-86, C). To place the graft 
through a tunnel drilled in the femoral condyles i, drill a Jura 
of sufficient diameter to accept the graft. The tunnel must en¬ 
ter the joint at a point caudal and inferior to the point where 
th e normal cruciate ligamen t originated from the ins ide sur¬ 
face of the lateral femoral condyle. Make an incision through 
the femora/ fabet la r ligament and pass the graft through he 
ligament. Secure the fascial graft to the lateral femoral 
condyle with a spiked polyacetyl washer and bone screw or 
suture it to the femoral fabellar ligament , fibrous joint capsuk 


i / 


FIG 35-85 


Medial approach to the stifle joint. Make a 
incision centered over the patella, incise the subcutaneous 
tissues along the same line to expose the parapatellar 

medial retinaculum. Make an incision through the medial 
retinaculum and joint capsule adjacent to the medial ridge 
of the patellar tendon . 


craniomedial 


an os- 


scribed here uses the lateral one third of the patellar tendon 
and distal fascia lata. The tissue is placed through a tibial 
tunnel, through the joint, and over the top of the lateral 
condyle. As an alternative, the graft may be placed through 
tibial and femoral tunnel 
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Perform a lateral approach to the stifle joint as described 
above. Free the superficial surface of the patellar tendon 
from all loose connective tissue and flex the limb to tighten 
the patellar tendon and lateral retinacular tissue , Make 
incision beginning at the lateral edge of the distal pole of the 
patella and extend it through the lateral one third of the 
patellar tendon and retinaculum to the tibial crest distally. 
The landmark for the most distal extent of the incision is the 
palpable tuberosity cranial to the groove of the long digital 
extensor muscle . Place a periosteal elevator in the incision 
and separate the patellar tendon and fascia lata from the 
joint capsule. As the graft is freed from the joint capsule near 
the patella, use the lateral edge of the elevator to re fleet the 
graft from the lateral patellar surface. Use scissors to incise 
the fascia lata along the medial edge of the cranial sartorius 
muscle. Carry the incision through the fascia lata proximally 
the full length of the skin incision, \ 
of the incision is reached , incise the fascia lata caudally to 
the cranial border of the biceps lemons musefe. Continue the 
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FIG 35-86 


A, For on intracapsular reconstruction using distal fascia lata and patellar tendon, perform 

to the stifle joint. Isolate a graft from the lateral patellar tendon and 

pt the graft from the cranial 
ligament inside the joint, C, 


a lateral approac 
retinaculum. B, Drill a tunnel that is large enough to acce 


surface of the tibia to the insertion of the cranial cruciate 


the graft through the tibial tunnel and (D) over the top of the lateral condyle. E, As 
alternative, place the graft through a tunnel drilled in the femoral condyles. 


an 


Lateral Refinacular Stabilization 


and patellar tendon (Fig, 35-86 , D and EJ. When the graft is 


Perform a medial or 


secured to the femoral condyle, do not attempt to eliminate all 


ate the patella f and inspect the joint structures for tears 
damage. Resect the remnants of the cranial cruciate ligament 
and remove 


ol the cranial c/rower; this would place excessive tension on 

the graft. As a rule, all but 2 to 3 

be eliminated while the leg is positioned in normal standing 
angle „ Suture the fibrous joint capsule, the cut edge of the fas 


or 


of cranial drawer should 


mm 


any damaged portions of the meniscus (see 


re., 


P- 




3-0} using a simple interrupted pattern . 

Retract the skin laterally and make an incision through the 
lateral retinaculum and distal fascia lata . 


/ 


using a simple interrupted pattern. Suture the skin with 
absorbable suture in a simple interrupted pattern, 


non- 
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Fibular Head Advancement 

Static advancement of the lateral collateral ligament is a use¬ 
ful technique for eliminating instability in the CCL-deficknt 
stifle joint. This is accomplished by advancing the fibular 
head, which is the point of insertion of the lateral collateral 

ligament. 

Perform o lateral approach to the stifle joint and arthrotomy 
describee/ above and inspect the meniscus for tears or 
damage. Remove the damaged meniscus, if present , and 
close the arthrotomy with absorbable suture file,, 3*0/ using 
s imple in terr up ted pa tie rn , Re i lec f th e fasci a la to ca id ally 11 
To facilitate reflection of the fascia la to, make a craniocau ■ fl 

dal transverse incision of the fascia lata 2 to 3 cm distal to 

the joint line. Using sharp dissection and elevation, free me 
fibular head cron tally and caudally from the tibiaI epiphys rs 
(Fig, 35-88 , A). Make an incision along the cranial and cau¬ 
dal edges of the lateral collateral ligament to allow cranial 
transposition of the ligament-bone complex. Taking care nof 
to injure the popliteal tendon or lateral meniscus 
deep surface of the ligament from its origin at the femoral 
epicondyle to its insertion at the fibular head l j 

This is most easily accomplished with a small periosteal 
e te vat on 
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FIG 35-87 


An extracapsular reconstruction using a heavy, 
nonabsorbable suture (or sutures). The suture p 
deep fascia surrounding the Fobella artd through a predrilled 
hole in the tibial crest. Tying the suture eliminates the cranial 

drawer. 




h 








/nase the fibularls longus and lateral digital extensor m 
at the joint line and reflect them croniodistally to allow cra¬ 
nial redirection of the fibular head. Externally rotate the tibia 
and advance the fibular head and collateral ligament era* 
ially using pointed reduction forceps . Stabilize the ft 
head with o small Steinmann pin and tension band wire (Fig. 
35-88, BJ. Suture the extensor muscles and fascia lata jv/’ifi 
absorbable suture using a simple interrupted pattern. Repair 
the subcutaneous tissues and skin incisions as previous// 

described. 


This incision has already been made if the stifle has been 
approached laterally. 


C 


i 


i 




Elevate the biceps femoris muscle from the lateral surfoce of 
the joint capsule to expose the gastrocnemius muscle. Pass 

monofilament nylon leader 


c 


ni 




I 


f 


monofilament nylon sutures or 
mo ferial (No. 2 monofilament nylon suture for dogs up to 
10 kg; nylon leader material [27 kg test] for dogs up to 
30 kg and 36 kg test for dogs over 

the appropriately sized "cruciate" needle and pass the nee¬ 
dle around the fobella from proximal to distal , Next, pass 
suture through the patellar ligament immediately proximal to 
the tibial tuberosity. Drill o hole of sufficient size to pass the 
eye of the needle through the tibial crest from medial to lat¬ 
eral and pass the suture through the hole in the same direc¬ 
tion. Cut the suture in holf to remove the needle , obtaining 
two sutures to tie. Flex the stifle to a normal standing angle, 
hold the tibia caudally and rotated externally to remove 
drawer motion , and fie or crimp the sutures (Fig. 35-87). tn 
addition to the stabilizing suture, advance the lateral retinac¬ 
ulum cron i oily and distally by placing a 
tress imbricating sutures . Place each 

ca udal to th e artft ro to my line, c ross them s uperftcia I 
to the arthrotomypenetrate in and out of the retinaculum era - 
nial to the arthrotomy and distal to the initial position of the 
suture on the caudal retinaculum , and return to pass th 
jure through the caudal retinaculum r Preplace individual su¬ 
tures and tie when all sutures in the series are in place. Proper 

the caudol retinaculum over the 


t 


F 


30 kg) through the eye of 


F 


s 


r 


NOTE * Use extreme care in identifying and pro¬ 
tecting the peroneal nerve throughout this procedure 


L 




S 


Primary Repair with Augmentation 

Primary repair with augmentation is reserved for a small 
percentage of patients that have experienced failure of [he 
cruciate ligament at the point of insertion on the tibial 
plateau or failure from the origin of the ligament on the le¬ 
mur. This mode of ligament failure may occur after trauma 
to the stifle joint in patients less than 1 year of age. The most 
frequent site of failure is the point of insertion of the liga- 

Surgical exposure is the same as 
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s e ries of ve rti ca I ma t 
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sufure through the reti 


c" 


on the tibial plateau. 


naculum 


m e n t 

that described for intracapsular or extracapsular reconstruc¬ 
tion, A reconstructive procedure is always used in addition 


n 


Si 


P 


to primary repair. 


A 


Perform either o medial or lateral approach to the stifle joint 
described above. Once the arthrotomy has been made, 
identify the cranial cruciate ligament. A small piece of cart' 


A 


placement of sutures draws 
cranial retinaculum . Close as described above. 
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FIG 35*88 


Fibular head advancement. A, Free the fibular head cranially and caudally from the tibial 
epiphysis with sharp dissection and elevation, B, Advance the fibular head and stabilize it 
with a small Steinmann pin and tension band wire. 


cellous bone often remains off ached at the site of failure. 


Pass nonabsorbab/e suture through the ligament using 


a 


locking‘loop pattern f, 


p. J 162). Make two small parallel 


drill holes from the medial tibial metaphysis to exit within the 


joint at the insertion point of th 


cranial cruciate ligament. 


e 


Place wire loops through the holes and pass the free ends of 


the suture through the wire. Pull the 


th ro ug h the 


predrilled holes to exit laterally. Perform a reconstructive 


procedure to augment the primary repair. When the 


recon¬ 


struction has been completed, tie the sutures from the liga 


menf outside the joint (Fig. 35-89). Close the surgical wound 


using the technique described above. 


SUTURE MATERIALS AND 


SPECIAL INSTRUMENTS 


Small Hohmann retractors are useful for inspecting the 


dial meniscus. With intracapsular repairs, instruments to 


drill holes in the tibia> a periosteal elevator, and osteotome 


are also needed. For extracapsular repairs 


. 2 


u se i 




Lateral 


monofilament nylon suture or nylon leader material. Special 


needles are designed for encircling the fabeUa. A crimp 


FIG 35-89 


clamp system may be helpful for securing the large-diameter 


primary repair of an avulsed cranial cruciate ligament, 


a 




place a suture through the avulsed 
ligament. Pass the free ends of the suture through parallel 
tunnels and tie them outside the joint. 


piece of bone 


nylon leader material, Steinmann pins and wire are used to 


an 


secure the fibula in a fibular head advancement procedure 


POSTOPERATIVE CARE 


AND ASSESSMENT 


aged, gradually increasing the time and distance of walks. 


After intracapsular repairs, a 


soft bandage with a lateral 


Flexion and extension of the joint are encouraged to 


splint is maintained for 2 weeks. Activity is restricted to 


maintain range of motion , If a screw and washer are used, 


a 


leash for a minimum of 12 weeks. Leash walking i 


they should be removed 2 to 3 months alter surgery* After 


is encour- 
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TABLE 35-20 


Sample Program for Controlled Exercise after Stifle Surgery 


Week 1 


Perform 30 repetitions of passive range of motion (PROM) exercise three times doily, follow by ice 
pack therapy for 20 minutes. Allow short, controlled, slow leash walks (to tolerance) on level sur¬ 
faces only. 

moist heat to stifle for 1 5 minutes at least once daily before exercise 
s up to 10 minutes per day and PROM. Continue ice pack therapy after 


pack therapy for 20 
faces only. 

Start whirlpool therapy or apply 
Start slow leash walks up to 1 
exercise. 

Continue exercises and adjunct therapy initiated in week 2; increase leash wafks to 20 minutes and 
include uneven surfaces (grass along with concrete)* 

Continue exercises and adjunct therapy from week 2; increase leash walks to 30 minutes and include 
gradual inclines and declines in the terrain. Continue ice therapy if swelling is observed. 

Discontinue whirlpool or heat therapy if normal range of motion is present; continue leash walks and 

PROM. 

Continue PROM and leash walks. Initiate stair climbing or swimming (or both). 

Progress by increasing length of time for walking, swimming, or stair climbing. By week 12, resume 
normal exercise. At all times during a physical therapy program, improvement should be noted. If 
the dog becomes more painful or lame during the program, back up to easier exercises and ad¬ 
minister nonsteroidal antiinflammatory drugs as needed (see p, 1024). 
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Week 2 
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Week 3 
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Week 4 
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Week 5 


Cl 


ci 


Week 6 
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tc 


Weeks 7 through 1 2 


is 
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In 


(c: 


co 


caj 


extracapsular repairs, the limb is placed in a soft, padded 
bandage for 1 to 2 days after surgery. Patient activity is lim¬ 
ited to leash walking for 6 weeks. After fibular head advance¬ 
ment, the limb is placed in a soft, padded bandage with a lat¬ 
eral splint for 10 to 14 days. Then, exercise is limited to leash 
walking tor an additional 3 weeks. A rigorous progressive 
physical therapy program may enhance recovery after stifle 
surgery. A sample program is provided in Table 35-20, 
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PROGNOSIS 
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Long-term function for patients that have undergone a re¬ 
constructive procedure is good, and success has not been in¬ 
fluenced by the method of reconstruction. Most published 
assessments of outcome state that 85% to 90% of dogs im¬ 
prove after surgery. Degenerative joint disease progresses re¬ 
gardless of treatment. The long-term outcome includes a de¬ 
cline in activity over time, an increasing level of disability, an 
adverse response to cold weather, and stiffness after inactiv¬ 
ity related to progressive degenerative joint disease (Innes et 
aL 2000). 
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A caudal cruciate ligament tear may be complete or partial, 
with resultant instability causing progressive degenerate 
joint disease. J 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Suggested reading 


The caudal cruciate ligament can he functionally separated 
into two components: the larger cranial portion is taut in 
flexion and lax in extension, and the smaller caudal sector 
is taut in extension and lax in flexion. The cranial and cau¬ 
dal bands prevent caudal translation (sliding) of the tibii 


Anderson CC el al; Biomechanical evaluation of a crimp clamp sys¬ 
tem for loop fixation of monofilament nylon leader material 
used for stabilization of the canine stifle joint, Vet Surg 27:533, 
1998. 
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* With the patient in dorsal recumbency and the limb posi¬ 
tioned such that the stifle is Hexed and the tibia is parallel to 
the ground, the tibial tuberosity forms a distinct promi¬ 
nence cranial to the patella. If a caudal cruciate ligament in¬ 
jury is present, the weight of the limb causes a caudal "sag v 
of the tibia, resulting in loss of the tuberosity prominence, 

* When the tibia is moved forward, there is a distinct end¬ 
point to the cranial movement when the caudal cruciate 
ligament is ruptured. 

* with the tibia in an extended position, there is a distinct 
caudal subluxation of the tibia when the stifle joint is 
flexed and internally rotated if the caudal cruciate liga¬ 
ment Is torn. 

Caudal cruciate ligament tears that are part of a multiple 
ligament injury are diagnosed by the presence of severe in¬ 
stability (see p, 1128). 

Radiography 

Radiographs may be helpful in the diagnosis of caudal cru¬ 
ciate ligament injuries. Small bone densities associated with 
1 igame n t a v u Is i o n m ay be apparent on the later a 1 p m i e etion 
just behind and distal to the femoral condyles. With a lateral 
radiographic projection, the tibia! plateau may be seen to be 
caudally displaced relative to the femoral condyles. 

laboratory Findings 

No consistent laboratory abnormalities are seen. 


during flexion. The caudal cruciate ligament also functions 
in concert with the cranial cruciate ligament to provide 
rotational stability in flexion and varus-valgus stability in 

extension. 

Isolated caudal cruciate ligament tears are rare in small 
animals because (1) the caudal cruciate ligament is posi¬ 
tioned in the joint such that loads that commonly cause lig¬ 
ament injury are directed toward the cranial cruciate liga¬ 
ment; (2) the caudal cruciate ligament is stronger than the 
cranial cruciate ligament; and (3) the types of accidents that 
might cause caudal cruciate ligament rupture are seldom 
encountered. Nevertheless, isolated ruptures of the caudal 
cruciate ligament do occur and generally are caused by a 
cranial-to-caudal blow directed against the proximal tibia. 
This type of injury is most commonly associated with an au¬ 
tomobile accident or falling on the limb while the stifle joint 
is flexed. Caudal cruciate ligament injuries are more com¬ 
monly associated with severe derangement of the stifle joint. 
In these patients, combinations of primary joint restraints 
(cranial cruciate ligament, caudal cruciate ligament, medial 
collateral ligament) and secondary joint restraints (joint 
capsule, muscle tendon units, meniscocapsular ligaments) 
are ruptured after a severe traumatic episode such as an au¬ 
tomobile accident. 


f 


DIAGNOSIS 

Clinical Presentation 

Signalmen** Dogs or cats of either gender and any 
breed or age may be affected. Isolated tears are more fre¬ 
quently encountered in large-breed dogs. In cats, tears ol the 
caudal cruciate and medial collateral ligaments commonly 
occur concurrently. 

History* Patients with an isolated caudal cruciate liga¬ 
ment rupture initially have a non-weight-bearing lameness. 
The lameness progressively improves, but the patient seldom 
regains athletic status. The animal may have a normal gait at 
a walk but is lame when undergoing strenuous activity be¬ 
cause the caudal cruciate ligament functions to stabilize the 
joint primarily when it is flexed. During walking, flexion oc¬ 
curs in the swing phase of the gait; during running and turn¬ 
ing, the knee is more flexed in the stance (weight-bearing) 
phased'the gait. 
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DIFFERENTIAL DIAGNOSIS 
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Differential diagnoses include cranial cruciate ligament in- 
j u ry (see a bove) and multi pie 1 iga m ent in i u ry. 
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P- 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


e d 


Long-term evaluation of dogs having reconstruction of iso¬ 
lated caudal cruciate ligament tears shows the prognosis to 
be good, regardless of the treatment method. Conservative 
management of isolated caudal cruciate tears (i.e,, activity 
restricted to leash walking for 8 weeks) is an option for 
smaller dogs or cats and for dogs leading inactive lives. 
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SURGICAL TREATMENT 


Joints with caudal cruciate ligament injury are treated with 
resection of the remnants of the ligament and stabilized by 

one of several extra capsular reconstruction techniques: su- 

■ 

fure stabilization, redirection of the medial collateral liga¬ 
ment, or popliteal tendon tenodesis. Suture stabilization 
consists of imbrication of the caudomedial joint capsule and 
placement of a medial or lateral stabilizing suture. Redirec¬ 
tion repair uses existing autogenous tissue, such as the me¬ 
dial collateral ligament. 


NOTE * Nonathletic dogs usually function normally 
wilh caudal cruciate tears. 
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Physical Examination Findings 

I he diagnosis of isolated caudal cruciate ligament tears is 
based on the presence of craniocaudal instabi 1 ity. Often it i s 
difficult to differentiate craniocaudal movement caused by 
crania] cruciate ligament rupture from that caused by caudal 
cruciate ligament injury. The following points may help 
make this differentiation: 

* When the joint is held in extension, the degree of palpable 
instability is less with caudal cruciate ligament tears than 
with cranial cruciate ligament tears. 


Preoperative Management 

These animals should be evaluated for evidence of other lig¬ 
amentous or bony trauma. 

Perioperative antibiotics (see p. 826) and preemptive pain 
management with car pro fen or etodolac (see Table 35-3) are 
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through the predrilled hole (Fig. 35-90}, On the lateral side, 

imbricate the caudal joint capsule and place 
ture from the proximal patellar tendon through a predrilled 
hole in the fibular head . * 

Use of Autogenous Tissue 

Incise through the insertion of the caudal sartorius mtiffli 
d medial fascia along the tibial metaphysis, Reflect the 
muscle and fascia caudally to expose 
ligament Free the body of the ligament with a periosteal eh 
evator and direct the ligament caudally to course in the some 
sagittal plane as 
ligament in this position 

washer (Fig. 35-9}}, 

Entrapment (Tenodesis) 
of the Popliteal Tendon 

Make a lateral approach to the stifle joint !$ee p , 1 116} and 
reflect the fascia lata to isolate the popliteal tendon as it 
passes beneath the lateral collateral ligament (Fig. 35-92), 

Entrap the popliteal tendon with a screw and Teflon or poly 
acetyl washer as it passes caudal and proximal to the fibo- 
iar head. * 


indicated for dogs undergoing stifle reconstructive tech¬ 
niques. 

Anesthesia 

See p. 824 for the anesthetic management of animals with or¬ 
thopedic disease and p. 1116 for the anesthetic management 
of animals with cranial cruciate ligament injury. Opioid 
epidural administration and intraarticular administration of 
bupivacaine or morphine reduces postoperative discomfort. 

Surgical Anatomy 

The caudal cruciate ligament originates from [he inter- 
condyloid fossa of the craniolateral (inside) surface of the 
medial condyle (see Fig. 35-83), From the point of origin, 
the ligament courses distally to insert into the popliteal 
notch of the tibia. 

Positioning 

The animal is positioned in lateral recumbency with the af¬ 
fected limb op, or in dorsal recumbency, 

SURGICAL TECHNIOUES 

Exploratory Arthrotomy 

Make a standard cranhmedial approach to the stifle joint 
(see p. 1116} and explore internal structures . Resect the 
remnants of the caudal cruciate ligament ; 

Suture Stabilization 

Drill a hole in the caudomedial corner of the tibial epiphysis. 

Place a stabilizing suture from the proximal patellar tendon 
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the caudal cruciate ligament Secure the 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


A bone screw and Teflon washer are used to secure the me¬ 
dial collateral ligament or popliteal tendon to bone. Nonab¬ 
sorbable monofilament suture is preferred for extracapsular 
stabilization techniques. 
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Medial view 


For coiida cruciate ligament tears, extracapsular sutures 
tendon just distal to the patella to the caudal tibia (medially] and fibular head (laterally). 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


imentally, degenerative joint disease does not appear to 
progress as rapidly after isolated caudal cruciate ligament i n¬ 
jury as it does after cranial cruciate ligament injury. 

Suggested reading _ 

Egger E: Caudal cruciate ligament repair. In Bojrab 

rent techniques in small animal surgery ; ed 3, Philadelphia, 1990, 

Lea & Febiger. 

Harari J et 

excision of the caudal cruciate ligament in dogs, Vet Surg 16:151, 
1987, 

Johnson AL, 01 instead ML: Caudal cruciate ligament rupture: a 
retrospective analysis of 14 dogs, Vet Surg 16:202, 1987. 


Exercise should be restricted to leash walking for 6 weeks; 
then the animal should be gradually returned to unsuper¬ 
vised activity over 

hi] for rehabilitation of the stifle (see p, 1122). 




6 -week period. Physical therapy is help- 




PROGNOSIS 




ah Evaluation of experimental transection and partial 


The prognosis is good to excellent for return to normal limb 
function in 


most animals after surgery. Clinically and exper- 
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COLLATERAL LIGAMENT INJURY 
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DEFINITION 
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A collateral ligament injury is a complete or partial tear 
the medial or lateral collateral ligaments. 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 
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As the medial collateral ligament crosses the medial joint 
surface, it forms a strong attachment to the joint capsule and 
medial meniscus. This attachment is important in stabilizing 
the medial meniscus, but it predisposes the caudal body of 
the meniscus to injury from the medial femoral condyle 
when cranial cruciate ligament rupture is present. The me¬ 
dial and lateral collateral ligaments function in concert to 
limit varus-valgus motion of the stifle joint. This is most im¬ 
portant when the stifle joint is extended and both the medial 

and lateral collateral ligaments are 
flexes, the medial collateral ligament remains light but the 
lateral collateral ligament relaxes to allow internal tibial ro¬ 
tation. This motion permits the foot to turn inward beneath 

ambulation. As the stifle joint extends, the 
lateral collateral ligament becomes taut once again to assist 
in external rotation of the tibia. This motion aligns the foot 

into proper position for weight bearing. 

Isolated medial or lateral collateral ligament tears are rare 
in small animals. Most injuries that involve the medial or lat¬ 
eral collateral ligaments occur in conjunction with injury to 
other primary and secondary restraints of the stifle joint. 
These multiple ligament injuries are often the result of se- 

trauma directed to the stifle joint and involve injury to 


r 


FiG 35-91 

The medial collateral ligament may be redirected caudolly to 
stabilize caudal cruciate ligament tears. The ventral surface 
of the ligament is freed, and the ligament is secured 
caudally with a bone screw. 


taut. As the stifle joint 
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a myriad of stifle joint ligaments. 


DIAGNOSIS 

Clinical Presentation 

Signalmen*. Any age or breed and either gender of dog 
or cat may be affected. 

History* Frequently the client did not witness the injury. 
Owners often report that the animal was normal earlier in 
the day and then developed a non-weight-bearing lameness. 


ay 




FIG 35-92 

Tenodesis of the popliteal tendon may be performed to 
stabilize caudal cruciate ligament tears. Entrap the popliteal 
tendon with a screw as it passes caudal and proximal to the 

ribular head. 
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Laboratory Findings 

Consistent laboratory findings are not seen. Laboratory eval¬ 
uation depends on the signalment and physical findings in 
animals that have sustained trauma. 




exercising (with- 
traumatic incident, 

sus- 


This injury may occur while the 

ridence of trauma) or during a 

vehicular accident, in which the animal has 


e\ 


such as a 
tained major injuries. 


DIFFERENTIAL DIAGNOSIS 


Physical Examination Findings 

Diagnosis of collateral ligament injury, whether an isolated 

complex injury, is based on palpa- 


cranial or 


Differential diagnoses include muscle strains or 

and nondisplaced phvseal 


caudal cruciate ligament tears 
fractures in immature animals. 


ligament tear or part of a 

It is important to remember that the stifle joint 


tion. 

he extended to examine for collateral restraint injury. The 
valgus stress test is used to evaluate the integrity 

dial collateral ligam 
bency, one hand is used to stabilize the femur while the other 

hand grasps the distal tibia and applies an upward force (ab¬ 
duction). If the medial joint restraints (medial collateral lig- 

joint capsule, peripheral meniscal ligaments) are 


MEDICAL OR CONSERVATIVE 

MANAGEMENT 


me- 

lateral recum- 


[ 


ent With the patient in 


conservative or surgical treatment tor 


The decision to use 


i 


based on the degree of 


isolated collateral ligament injury is 
jury to the ligament and secondary joint restraints (join! 

psule, peripheral nieniscal ligaments). This assessment 

based on palpation and radiographs. Minimal swelling and 

only slight opening of the joint space when the joint is 

placed under stress are indications for conservative treat¬ 
ment, which involves a fiberglass cast applied for 2 week 

activity for 6 additional weeks. 
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ament 

torn, opening of the medial joint line is apparent {Fig* 
35 -93). The varus stress test is used to evaluate the integrity 
of the lateral collateral ligament. One hand stabilizes the fe¬ 
mur while the other hand grasps 

inward force (adduction). If the lateral joint restraints 

torn, opening of the lateral joint is apparent* Isolated tears 

show minimal opening, whereas obvious opening 

injuries (lateral collateral ligament 
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the distal tibia and applies 
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and then controlled 
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SURGICAL TREATMENT 


d 


Moderate to severe swelling and significant opening of the 

joint space when the joint is placed 
nificant injury to the collateral restraints. Surgery' is recom¬ 
mended for these patients. Treatment includes reconstruc¬ 
tion of the collateral and meniscocapsular ligaments and the 
joint capsule. Primary repair of the collateral ligament is 
dertaken if the point of failure is the origin or 
the ligament or an intrasubstance tear with large segments of 
the ligament intact. Occasionally a small fragment ot bone 
may be present on the end of the ligament that can be in¬ 
corporated into the repair. 


3 ‘ 


with more extensive 
joint capsule, peripheral men [seal ligaments). 


under stress indicatesif- 
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NOTE • Be sure to hold the stifle joint in extension 

when assessing the medial and lateral restraints. 
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insertion of 


Radiography 

Radiographs should be taken to determine if bone chip 

associated with ligament damage* Craniocaudal and 
medial-to-lateral radiographs are indicated to confirm the 

absence of bony avulsions. Stress radiographs 

in medial or lateral 


s 


are 


presence or 
are useful for demonstrating an increase 


NOTE * Be sure to repair all injured restraints 


joint space (Fig. 35-94). 
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FIG 35-94 


FIG 35-93 

Medial collateral ligament injury 
appearance of the stiff 
foot displaces upward 


cat with a medial collateral ligamstf 


Stress radiograph of 

restraint injury. Note the severity of joint opening when a 
valgus stress is applied to the joint. 


in a cat. Note the 
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is applied. The 
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oint line opens. 
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Preoperative Management 

To avoid additional damage to the articular cartilage or 
menisci, place a modified Robert Jones bandage on the limb 
(see p. 822) and limit activity to leash walking until defini¬ 
tive surgical treatment can be done. These animals should be 
evaluated for evidence of other ligamentous or bony trauma. 
Patients with injuries caused by vehicular accidents should 
undergo thoracic, cardiovascular, and abdominal evaluation. 
Perioperative antibiotics (see p. 826) and preemptive pain 
management with carprofen or etodolac (see Table 35-3) 
are indicated for animals undergoing stifle reconstructive 
techniques. 

Anesthesia 

See p. 824 for anesthetic management of animals with or¬ 
thopedic disease caused by trauma. Opioid epidural admin¬ 
istration reduces postoperative discomfort. 

Surgical Anatomy 

A knowledge of the origin and insertion 
era! ligaments is important. The medial collateral ligament 
originates from the medial femoral epicondyle and courses 
distaily to insert onto the proximal tibia! metaphysis (Fig. 
35-95). As the ligament crosses the medial joint line, it forms 
a strong attachment to the joint capsule and medial menis¬ 
cus. The lateral collateral ligament originates from an oval 

the lateral femoral epicondyle; it then courses dis~ 
tally to insert onto the fibular head. The medial collateral lig¬ 


ament lies deep to the caudal sartortus muscle, and the lat¬ 
eral collateral ligament lies deep to the tascia lata. The per¬ 
oneal (fibular) nerve is a branch of the sciatic nerve. It 
obliquely crosses the distal aspect to the stifle joint, where it 
lies superficial to the gastrocnemius muscle and sends an ar¬ 
ticular branch to the lateral collateral ligament. Care should 
be taken when dissecting near the lateral collateral ligament 

to preserve this nerve. 

Positioning 

To repair a lateral collateral ligament injury, position the pa¬ 
tient in 1 ateral recumbency wlih the affeeted leg up. For me¬ 
dial collateral ligament injuries, position the animal in dor¬ 
sal recumbency. If multiple ligament tears are present, the 
animal can also be positioned in dorsal recumbency to facil¬ 
itate exposure of both sides of the limb. Suspend 
and prepare it for aseptic surgery (see p, 25). 

SURGICAL TECHNIQUES 

Medial Collateral Ligament Injury 

Make a medial parapatellar incision . Use a medial approach 
to expose the medial collateral ligament (see p. Ill 6). Incise 
the insertion of the caudal head of the sartorius muscle and 
deep fascia along the craniomedial harder of the proximal 

tibia (Fig. 35-96, A). Retract the muscle and fascia caudally 

to expose the collateral ligament and medial joint capsule . 
Replace the ligament to its anatomic 

and polyacetyl spiked washer (Fig. 35-96, Bj. As 
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Lateral View 


Medial and lateral views of the stifle showing soft tissue structures surrounding the 
collateral ligaments. 
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FIG 35-96 

Repair of a medial restraint injury. A, Incise the insertion of the caudal head of the 
sartorius muscle and deep fascia along the craniomedsol border of the proximal tibia. 

a screw and 




B, Replace the collateral ligament in its anatomic site and secure 
polyacetyl spiked washer. As an alternative, use suture anchors. C, If the igament injury is 
an intrasubstance tear, perform primary repair by suturing the ligament ends with a lockinc 
loop suture pattern. Supplement the primary repair with screws and figure-eight support. 
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POSTOPERATIVE CARE 
AND ASSESSMENT 


alternative , place a suture anchor at the insertion of the liga¬ 
ment and suture the ligament to the anchor, (f the ligament in¬ 
jury is an intrasubstance tear ; perform primary repair by su¬ 
turing the ligament ends; use a locking-loop suture pattern 
with small nonabsorbable suture (see p * 1 162). Supplement 
the primary repair with screws and figure-eight support (Fig. 
35-96, C). After repair of the collateral ligament, carefully 
construct the meniscocapsular ligaments and joint capsule 

ing interrupted sutures of small, nonabsorbable suture nmate¬ 
rial (polypropylene or nylon). 

Lateral Collateral Ligament Injury 

Use a craniolateral approach to expose the lateral collateral 
ligament (see p. 1116). Make a proximal to distal parap¬ 
atellar incision through the fascia lata. Continue the incision 
distally 4 cm below the tiblal crest , parallel to the joint line. 
Use caution in isolating the peroneal nerve and protect it 
carefully during surgery (see Surgical Anatomy ■ p. 1127). 
Reflect the fascia lata caudal!/ to expose the collateral liga¬ 
ment and lateral joint capsule , Repair the ligament as de¬ 
scribed above . 
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The limb is placed in a soft, padded bandage with a lateral 


splint for 10 to 14 days* The animal should be restricted to 
leash walking for 6 weeks and then gradually returned to un¬ 
supervised activity over a another 6-week period. Physical 
therapy is helpful for rehabilitation of the stifle (see p* 1122) 
after the splint is removed. 
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PROGNOSIS 


R 


The prognosis for isolated collateral ligament tears is good 
to excellent. If multiple ligaments are torn, the prognosis is fair. 
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Suggested reading 


Aron DN, Rohello GT: Use of sutures in repairing ligaments and 
tendons. Vet Med Report 3:88, 199 L j 

Robinson A: Clinical application of prong-type tissue anchors in 
small animal surgery, / Small Arum Pract 41:207,2000. 
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MULTIPLE LIGAMENT INJURIES 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


M 


DEFINITIONS 


M 


Multiple ligament injuries are injuries in which the crania! 
or caudal cruciate ligaments and collateral ligaments m 
damaged simultaneously. Varus angulation is an inward re- 


Bone screws, polyacetyl spiked washers, suture anchors, and 
heavy, nonabsorbable suture are needed for collateral liga¬ 
ment repair. 
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casts) is not effective in maintaining alignment of the stifle 
joint and leads to severe degenerative joint disease. 


tation of the leg (toward the midline of the body), and val¬ 
gus angulation is an outward rotation (away from the mid- 
line of the body). The primary stifle restraints are the cru¬ 
ciate and collateral ligaments; the secondary stifle restraints 
are the joint capsule, meniscus, tendon, and muscle. 


SURGICAL TREATMENT 


Surgical treatment involves careful reconstruction of the 
cranial cruciate ligament restraint, the collateral restraints, 
and the menisci. The collateral ligament complex is repaired 
first, followed by reconstruction of the cruciate ligament re¬ 
straint, The specific repair and reconstruction techniques 
used depend on the surgeon s preference and are described 
in the discussion of each individual ligament. Restoration of 
the caudal cruciate ligament restraint ol the stifle is optional. 


SYNONYM 


Deranged stifle joint 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Multiple ligament injuries are caused by automobile acci¬ 
dents nr may occur when the toot is caught as the animal 

fence. A common triad of injuries includes cranial 


Preoperative Management 

To prevent damage to the articular surfaces of the joint, a soft, 
padded bandage with a lateral splint should be applied and ac¬ 
tivity limited until surgery can be done. Affected animals 
should be evaluated for evidence of other ligamentous 
bony trauma; other fractures are often associated with this in¬ 
jury. Patients with injuries from vehicular accidents should 
have a complete physical examinations, with particular atten¬ 
tion to the respiratory and cardiovascular systems. Periopera¬ 
tive antibiotics ( see p, 826) and preemptive pain management 
with carprofen or etodoiac (see fable 35-3) are indicated for 
animals undergoing stifle reconstructive techniques. 

Anesthesia 

See p. 824 for the anesthetic management of animals with 
orthopedic disease caused by trauma. Opioid epidural ad¬ 
ministration (see p, 824) reduces postoperative discomfort. 


jumps a 

and caudal cruciate ligament tears, failure of the primary 
and secondary medial restraints (lateral restraints may be af¬ 
fected with fence injuries), and peripheral medial meniscal 
tears. Varus angulation of the limb with a medial stress indi¬ 
cates lateral restraint injury, whereas valgus angulation of 
the limb (with a lateral stress applied to the foot) indicates 


or 


medial restraint injury. 


DIAGNOSIS 

Clinical Presentation 

Signal merit. Either gender and any age or breed of dog 
or cat may be affected. 

History, The animal usually is presented for evaluation 
of an acute, non-weight-bearing lameness. The traumatic 
event may or may not have been observed. 

Physical Examination Findings 

Combined cranial and caudal cruciate tears are characterized 
by marked craniocaudal movement of the tibia relative to the 
femur. Concurrent damage to the collateral ligament and 
joint capsule complexes usually can be determined by palpa¬ 
tion, With the leg in extension, a varus stress applied to the 
distal tibia causes opening of the lateral joint line it the lateral 
restraints are injured, whereas a valgus stress causes opening 
of the medial joint line if the medial restraints are injured. 


Surgical Anatomy 


The normal anatomy of the stifle joint is described on pp. 1116 
and 1127. With multiple ligament injury moderate to severe 
swelling and bruising of soft tissues surrounding the joint are 

A knowledge of the normal origins and insertions of the 


seen. 

collateral ligaments, meniscocapsular ligaments, and ligaments 
in the joint is required. Torn collateral ligaments are difficult to 
identify because they often are encased in edematous connec¬ 
tive tissue. Menisci often are displaced from their normal posi¬ 
tions and folded cranially or caudally (Fig, 35-97). 


Radiography 


Positioning 

The patient is positioned in dorsal recumbency with the af¬ 
fected limb up. The leg is prepared from the dorsal midline 
to the tarsal joint. A hanging-limb preparation facilitates 
manipulation of the leg during surgery. 


Radiographs show subluxation of the stifle joint. Careful assess¬ 
ment of both craniocaudal and mediolateral radiographs may 
show small bone chips at the origin or insertion of ligaments. 


i 


Laboratory Findings 

Consistent laboratory abnormalities are not seen. 


SURGICAL TECHNIQUES 


DIFFERENTIAL DIAGNOSIS 


Cruciate ligament repair is discussed on pp. 1115 and 1123, 
collateral ligament repair on p, 1126, and meniscal injuries 

on p, 1131. 


Distal femoral and proximal tibial metaphyseal fractures 
may show similar clinical signs and should be differentiated 

from ligament injuries. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


See the requirements for cruciate ligament repair discussed 
pp, 1121 and 1124, collateral ligament repair on p. 1128, 

and meniscal injuries on p. 1132. 
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Multiple ligament injuries require surgical intervention. 
Conservative treatment with external coaptation (splints or 
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Reference 
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Bruce WJ: Multiple ligamentous injuries of the canine stifle jointJ 
Small Anim Pract 39:333, 1998. 
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Meniscai injury occurs when excessive crushing or shearing 
forces associated with stifle injury result in meniscocapsular 
detachment or separation in the substance of the meniscus. 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 
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The menisci are important i ntraatticular structures. They 
tunction in 1 oad t ransm ission and energy absorption. hdp 
provide rotational and varus-valgus stability; lubricate the 
joint, and render joint surfaces congruent. Isolated meniscai 
injuries are uncommon in dogs, although isolated meniscai 
tears involving the midbody of the lateral meniscus occasion¬ 
ally occur during a fall when the leg is twisted* Most meniscai 
tears causing lameness in dogs occur in conjunction with cra¬ 
nial cruciate ligament ruptures. These tears usually involve 
the caudal body of the medial meniscus, because the cranio- 
caudal instability associated with cranial cruciate ligament 
rupture displaces the medial femoral condyle caudally during 
stifle joint flexion. The caudal body of the medial meniscus 
becomes wedged between the femur and the tibia and ts 
crushed upon weight bearing and joint extension. The most 
common type of injury is a bucket handle tear. This is a 
transverse tear in the caudal body of the medial meniscus 
that extends from medial to lateral. The free portion of the 
meniscus frequently is folded forward (Fig. 35-98), Periph¬ 
eral meniscai tears are the second most common type of 
meniscai injury These injuries are associated with a severe 
traumatic episode that results in multiple ligament injuries. 
Rupture of the medial meniscocapsular ligaments commonly 
occurs, allowing the entire meniscai body to fold forward. 
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Lateral 


Medial 


FIG 35-97 


Structures commonly injured with multiple ligament 
derangement of the stifle joint. Note the loss of the cranial 
and caudo! cruciate ligaments and the disruption of the 
medial restraints. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


After surgery the limb should be placed in a soft, padded 
bandage with a lateral splint for 3 weeks. The support band¬ 
age should be placed before the patient recovers from anes¬ 
thesia to allow accurate positioning of the bandage w r ith the 
leg in extension. The bandage provides comfort in the early 
postoperative period by immobilizing soft tissues and pre¬ 
venting extension and flexion of the stifle joint. It should be 
changed weekly or more often if necessary. Bandage changes 
usually require that the animal be sedated with a 
narcotic-tranquilizer combination to increase comfort and 
a 11 o w r acc u rate p o sit io ning .Act! v i ty sh oul d be limi te d to lea sh 
walks only for 6 weeks, with slowly increasing activity over 
the next 6 w r eeks. After removal of the bandage, physical ther¬ 
apy for rehabilitation of the stifle is encouraged (see p. 1122). 
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NOTE * Isolated meniscai tears are uncommon; 

they usually occur in conjunction with cruciate liga¬ 
ment injury. Isolated lateral mentscal tears occur in 
the caudal horn. 
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PROGNOSIS 
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The prognosis is good for return to nonathletic perform¬ 
ance. Animals with subluxated joints have a better prognosis 
for return to function than animals with luxated joints and 
failure of secondary restraints (Bruce, 1998). Subsequent to 
extensive ligament injury, loss of flexion tighter than 110 de¬ 
grees and mild to moderate instability are common after 
surgery. This instability and loss of normal range of motion 
limit athletic performance. Severe lameness should be ex¬ 
pected in animals that are managed without surgery. 


ut 


ca 


DIAGNOSIS 

Clinical Presentation 

Signal merit* Dogs of either gender and any age or breed 

ma y b e affec te d. Men i sc al tears a re rare in cats. 

History, Meniscai injury usually is associated with insta¬ 
bility of the stifle caused by cranial cruciate ligament rupture 
(see p. 1110), If a long-standing lameness suddenly worsens 
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FIG 35-98 


Meniscal tears in dogs. Bucket handle tears occur most often. 


DIFFERENTIAL DIAGNOSIS 


in a dog with cranial cruciate ligament injury, tearing of the 
meniscus should be suspected. 

Physical Examination Findings 

The client may report hearing a popping sound when the 
dog walks, or a popping sound may be noted when the stifle 
is examined. T his is caused by movement of the 'free ' sec¬ 
tion of the bucket handle tear. Not all patients with meniscal 
tears have an audible or palpable click. Close inspection of 
the medial and lateral menisci at surgery provides a defini¬ 
tive diagnosis. 


Cruciate ligament injury should be suspected in any animal 
with a meniscal tear. Sprain of the medial restraints should 
be differentiated from meniscal injury. 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


Conservative treatment is not an option if meniscal injury 
is noted on physical examination because continued 
back-and-forth sliding of the torn meniscus accelerates de¬ 
generative joint disease. 


SURGICAL TREATMENT 


Radiography 


Methods of treatment include partial meniscectomy, pri¬ 
mary repair of peripheral meniscal injuries, and total menis¬ 
cectomy. A partial meniscectomy involves removal of the 
torn section of the meniscus. Experimentally, partial menis¬ 
cectomy carries less morbidity than does a total meniscec¬ 
tomy and is the treatment of choice for bucket handle tears 
of the medial meniscus. Primary repair of a torn meniscal 
body is advocated by some human orthopedic surgeons. 
However, because of the low morbidity associated with 
partial meniscectomy and difficulty in suturing meniscal 
body tears in dogs, primary repair should be reserved for 


Standard craniocaudal and medial-to - lateral radiographs 
should be taken for diagnostic evaluation of lameness attrib¬ 
uted to the stifle joint; however, radiographic findings do not 
correlate with meniscal injury. 


Laboratory Findings 

Mo consistent hematologic abnormalities are seen. Joint 
fluid analysis may be helpful in the diagnosis of partial cru¬ 
ciate tears; patients with meniscal tears may have cell counts 
that are slightly higher than those in patients with ligament 
tears alone. 
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aseptic surgery from the dorsal midline to the tarsal joint 
Preparing the limb hi a hanging-leg position facilitates ma¬ 
nipulation of lire limb during surgery. 


peripheral tears of the meniscocapsular ligaments. Tearing of 
the peripheral meniscocapsular ligaments usually occurs af¬ 
ter signihcant trauma and subsequent injury to both primary 
and secondary restraints ot the stifle joint. The medial menis- 

commonly involved in conjunction with injury of 
the medial collateral restraints. Meticulous repair with inter¬ 
rupted sutures using an absorbable suture allows menisco- 
capsular tissue to heal. Total meniscectomy should be consid¬ 
ered only when the peripheral rim of the meniscus is so 
damaged that primary suturing of the menisco capsular tissue 
is not possible. For arthroscopy of the stille joint, see p. 1113, 

Preoperative Management 

Perioperative antibiotics (see p. 826) and preemptive pain 
management with carprofen or etodolac (see Table 35-3) are 
indicated for dogs undergoing stille reconstructive techniques. 

Anesthesia 

824 for the anesthetic management of animals with 
orthopedic disease. Opioid epidural administration reduces 
pos to p e rat ive di sco m fo r t. 

Surgical Anatomy 

The lateral and medial menisci are two semilunar fibrocarth 
lage discs interposed between the femur and the tibia (Fig. 
35 -99). They are positioned in the joint with the open side of 
the C facing the midline and are held in place by cranial menis- 
cotibial ligaments, caudal meniscotibial ligaments, and men is- 
eocapsular ligaments. The lateral meniscus has an additional 
ligament lhat inserts into the caudal intercondyloid fossa of the 
femoral condyle. This ligament and loose meriiscocapsular lig¬ 
aments of the lateral meniscus render the lateral meniscus 
more mobile than the medial meniscus. Clinically, the lack of 
mobility of the medial meniscus predisposes it to injury. 

Positioning 

The animal is placed in lateral recumbency with the affected 
limb up, or in dorsal recumbency. The limb is prepared for 
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SURGICAL TECHNIQUES 

Exploratory Arthrotomy 

A lateral or medial approach to the stifle may be used (see 
1116). Visualization of the medial meniscus may be en- 
h a n ced by a m ed ia I a rt h ro to my 

Partial Meniscectomy 

Partial meniscectomy requires that the torn meniscus be ad¬ 
equately exposed. Exposure is facilitated by suction and by 
levering the tibial plateau down and forward. 
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Lever the tibia forward by placing the tip of a smof 
Hah man n retractor behind the caudal edge of the titiid 
plateau and forcing the body of the retractor agaimt 
the trochlear groove (Fig, 35-100), When the damaged 

tion of meniscus con be seen 
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Oueftef handle first, men incise 
After removal of the torn section of meniscus, inspect the 
maining meniscus for additional tears. 
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SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


A small Hohmann retractor is useful for levering the tibia 
down and forward to allow visualization of the caudal horn 
of the medial meniscus. A mosquito Oschner forceps is 
to grasp the meniscus 
to resect the damaged tissue. 
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FIG 35-99 


Appearance of menisci and surrounding soft tissue in a 
cadaver specimen. Note the C-shaped appearance and 
tibial insertion of the medial meniscus. The lateral meniscus 
is larger and inserts into the caudal femur. 


FIG 35-100 


To improve visualization of the caudomedial compartment 
(where most meniscal tears occur), place a small Hohmcnr. 
retractor to force the tibia forward and down. I 
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Chapter 35 


quadriceps is medially displaced at all times, and maximal 

effect on the distal femoral physis results 
bowing of the distal femur in young patients (Fig. 35 - 102 ). 
Tibia! deformities seen with patellar luxations are the result 
of abnormal forces acting on the proximal and distal physes 
of the tibia. Tibial deformities described with medial patel¬ 
lar luxation include medial displacement of the tibial 
tuberosity, medial bowing (varus deformity) of the proximal 

tibia, and lateral torsion of the distal tibia. 

The articular cartilage Is the L physis 1 for the epiphysis and 
spends to increased or decreased pressure in the same man- 

the metaphyseal physis: increased pressure retards 


POSTOPERATIVE CARE 
AND ASSESSMENT 




severe lateral 






Postoperative management should follow the recommenda- 

for reconstruction of the cranial cruciate liga¬ 


tions given 


ment (see p. 1121 )* 


PROGNOSIS 


The prognosis for recovery in animals with cranial cruciate 
ligament injury is discussed on p. 1122. Total meniscectomy 
r promote degenerative joint disease and should be 
aided; however, partial meniscectomy or primary repair ol 
the damaged meniscus lessens the degree of degenerative 
joint disease and makes the prognosis for return to normal 
function more favorable* Dogs with men is cal injury associ¬ 
ated with cranial cruciate ligament rupture have a poorer 
long-term outcome than dogs with cranial cruciate ligament 

rupture without meniscal injury (Innes et ah, 2000 ). 
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growth, and decreased pressure accelerates growth. Dogs with 
medial patellar luxation have abnormal development of the 

trochlear groove. The degree of abnormality 
near-normal trochlea to an absent trochlear groove. The artic¬ 
ulation of the patella within the trochlear groove exerts 
physiologic pressure on the articular cartilage that retards car¬ 
tilage growth. Continued pressure by the patella is responsible 
for the development of normal depth of the trochlear groove, 
if the physiologic pressure exerted by the patella is not present 
the trochlear articular cartilage, the trochlea fails 


varies from a 
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Reference 


Innes ]F et al: Long-term outcome of surgery for dogs with cranial 
cruciate ligament deficiency, Vet Rec 147:325, 2000. 
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MEDIAL PATELLAR LUXATION 
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DEFINITION 
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Medial patellar luxation is a displacement of the patella 
from the trochlear sulcus. 
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GENERAL CONSIDERATIONS 

AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 
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common cause of lameness in 


Medial patellar luxation is 

smalbbreed dogs but also occurs in large-breed dogs. Most 
patients with patellar luxation have associated musculo- 
1 skeletal abnormalities, such as medial displacement ot the 
I quadriceps muscle group, lateral torsion of the distal femur 
a lateral bowing of the distal one third of the femur, femoral 
I epiphyseal dysplasia, rotational instability of the stifle joint 

I or tibial deformity (Fig. 35-101). 

I Medial malalignment of the quadriceps muscles 
' with medial patellar luxation produces sufficient pressure on 
j the distal femoral physis to retard growth. At the same 
I there is less pressure on the lateral aspect of the distal 
femoral physis, which allows accelerated growth. The de- 
1 creased length of the medial cortex relative to the increased 
I length of the lateral cortex results in the lateral bowing of the 

I distal femur. Abnormal growth continues 

quadriceps is displaced medially and the physes are active, 
1 Therefore the degree of lateral bowing depends on the 

ity of patellar luxation and the patient s age at the onset of 

I luxation. With mild luxations, 

placed medially and has minimal abnormal effect on the dis 

I tal femoral physis. However, 
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FIG 35-101 

Soft tissue and skeletal abnormalities associated with medial 
patellar luxation include medial displacement of the 
quadriceps apparatus, lateral bowing of the distal one third 
of the femur, and lateral torsion of the distal femur. 


quadriceps is rarely dis 


luxations the 


severe 
























1 134 i-’ART IV Orthopedics 


TABLE 35-21 


Grades of Patellar Luxation 


Grade I 

The patella can be luxated, but spontaneous luxation of 
the patella during normal joint motion rarely occurs. 
Manual luxation of the patella may be accomplished 
during physical examination, but the patella reduces 
when pressure is released. Flexion and extension of the 

are normal. 


Grade It 

Angular and torsional deformities of the femur may be 
present to a mild degree. The patella may be manually 

ressure or may luxate with flex- 
e patella remains luxated until it 
reduced by the examiner or is spontaneously reduced 
when the animal extends and derotates its tibia. 

Grade HI 

The patella remains luxated medially most of the time but 
may be manually reduced with the stifle in extension. 
However, after manual reduction, flexion and extension of 
the stifle result in reluxation of the patella. There is a me¬ 
dial displacement of the quadriceps muscle group. Abnor¬ 
malities of the supporting soft tissues of the stifle joint and 
deformities of the femur and tibia may be present. 

Grade IV 

There may be an 80- to 90-degree medial rotation of the 
proximal tibial plateau. The patella is permanently lux¬ 
ated and cannot be manually repositioned. The femoral 
trochlear groove is shallow or absent, and there is me¬ 
dial displacement of the quadriceps muscle group. Ab¬ 
normalities of the supporting soft tissues of the stifle joint 
and deformities of the femur and tibia are marked. 
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FIG 3M02 

Radiographic appearance of severe skeletal abnormalities 
associated with media! patellar luxation in a dog. 


proper depth. Immature patients with mild luxations show 
minimal loss of depth to the trochlear groove because the 
patella is normally positioned during development. However, 
immature patients with severe luxations have no trochlear 
groove because the normal pressure responsible for groove 
development is not present. The degree of skeletal pathology 
associated with patellar luxation varies considerably between 
the mildest and severest forms; therefore, a system for classify¬ 
ing canine patellar luxation has been developed (Table 35-21). 


skip to a weight-bearing lameness. Patients with a graft ft' 
luxation walk with the rear quarters in a crouched position 
because they are unable to extend the stifle joints fully The 
patella is hypoplastic and may be found displaced medially 

alongside the femoral condyle. 

Radiography 

With a grade III or grade IV luxation, standard craniocaudai 
and medial-to-lateral radiographs show the patella to be dis¬ 
placed medially* whereas with a grade I or grade II luxation, 
the patella maybe within the trochlear sulcus or may be dis¬ 
placed medially. 

Laboratory Findings 

Consistent laboratory findings are not seen. 


DIAGNOSIS 

Clinical Presentation 


i 


Signalmen!. Dogs of any age or breed and either gender 

medial patellar luxations, but small- and toy-breed 


m ay h a ve 

dogs are most frequently affected. Medial patellar luxations 

than lateral patellar luxations in 

large-breed dogs; however, large dogs have a higher percent¬ 
age of lateral luxations than small dogs. 

History. Most affected animals have an intermittent 

weight-bearing lameness. Owners may report that the dog oc¬ 
casionally holds the leg in a flexed position for one or two steps. 


j 


1 


are more common 
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Physical Examination Findings 

The diagnosis of medial patellar luxation is based on finding 
eliciting medial patellar luxation during a physical exam¬ 
ination. Physical findings vary and depend on the severity of 
luxation. Patients with a grade I luxation generally show no 

lameness, and the diagnosis is made as an incidental finding 
physical examination. Patients with a grade II luxation 

show occasional “skipping 11 when walking 
patients occasionally stretch the lateral retinacular structures 
and develop a non-weight-bearing lameness. Lameness in 
patients with a grade III luxation varies from an occasional 
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or 


DIFFERENTIAL DIAGNOSIS 


include avascular necrosis of the 


D i fiferen t ia I d i agnoses 

femoral head, coxofemoral luxation, ligamentous 
the stifle, and muscle strain. Careful examination of the hip 
joint is essential, because some patients with patellar luxa¬ 
tion also have avascular necrosis of the femoral head ise 
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p. 1109) or hip dysplasia. 
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MEDICAL OR CONSERVATIVE 
MANAGEMENT 
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Medial patellar luxation may be treated conservatively or surgi 
call); The choice of treatment depends on the clinical history* 
the physical findings, and the patients age. Surgery is seldom 
warranted in asymptomatic older patients, whereas young ani- 

lame usually benefit from surgery. Clients 
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dinical signs attributable to medial patellar luxation. 
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Surgery is advised in symptomatic immature or young adult 
patients because intermittent patellar luxation may prema¬ 
turely wear the articular cartilage of the patella. Surgery is 
indicated at any age in patients showing lameness and is 
strongly advised in those with active growth plates* because 
skeletal deformity may worsen rapidly The surgical tech¬ 
niques used in actively growing animals should not adversely 

affect skeletal growth. 

Numerous surgical techniques are aimed at restraining 
patella within the trochlear groove. Tibia! tuberosity transpo 
sit ion, medial restraint release, lateral restraint reinforcement, 
trochlear groove deepening, femoral osteotomy and tibia! os 
teotomy have all been advocated for correction of patellar lux¬ 
ation. Generally a combination of techniques is required to 
achieve intraoperative stability ot the patella. In most animals 
the trochlear groove must be deepened with a trochlear w r edge 

trochlear resection. A trochlear w f edge recession 

demanding but preserves the articular car 
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recession or a 


technically is more 
tiiage. Release of the medial retinaculum may be necessary to 

allow the patella to stabilize in the deepened trochlear groove. 
If the patella is not stable in the deepened trochlear groove 
during flexion, extension, and rotation of the stifle intraoper 
atively, tibial crest transposition must be done to realign the 
mechanical forces of the extensor mechanism (see below), fi¬ 
nally, after the patella is stable, the lateral retinaculum is rein¬ 
forced with sutures and imbrication of the fibrous joint cap¬ 
sule, placement of a fascia lata graft from the fabella to the 
parapatellar fibrocartilage, or excision of redundant retinacu 
lum. None of the reinforcement techniques atone is adequate 
to prevent reluxation permanently If the mechanical forces 
pulling the patella out of the trochlear groove have not been 
neutralized, the reinforced retinaculum eventually stretches. 

Osteotomy of the femur is used only in patients w r iih such 
skeletal deformity that maintaining patellar reduction 


Patellar 


■ 


tuberosity 




FIG 35-103 

Anatomic diagram of normal soft tissue and skeletal 
structures associated with the quadriceps extensor 


- 


Preoperative Management 

Perioperative antibiotics (see p. 826) and preemptive pain 
management with carprofen or etodolac [see p. 1024) are in¬ 
dicated for dogs undergoing stifle reconstructive techniques. 

Anesthesia 

See p. 824 for the anesthetic management of animals with 
orthopedic disease. Opioid epidural administration reduces 
postoperative discomfort (see p. 824) 

Surgical Anatomy 

The extensor mechanism of the stifle joint is composed of the 
quadriceps muscle groups, the patella, the trochlear groove, 
the straight patellar ligament, and the tibial tuberosity (Fig. 


1 


severe 

with the previously described techniques is impossible. The 
deformities usually seen are varus bow ing of the distal femur 
and medial torsional deformity of the proximal tibia. The 
goal of surgery is to realign the stifle joint in the trontal plane 
where the transverse axis of the femoral condyles is perpen¬ 
dicular to the longitudinal axis of the femoral diaphysis. This 
requires accurate preoperative measurement and wedge os- 

of the femur. Deepening of the trochlear groove, 

crest, 
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teotomy 

medial restraint release, transposition of the 
lateral retinacular reinforcement are also required tor success. 
These techniques require special equipment and training; 
such, they should be performed by a trained specialist. 
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Deepening of the Trochlear Groove 

Trochlear wedge recession. Trochlear wedge reces¬ 
sion deepens the trochlear groove to restrain the patella and 
maintain the integrity the patellofexnoral articulation, hi 
larger p a dents, an o scilla t ing s aw i s often u s ed ^ but in sm alter 
breeds and toy breeds, a fine-toothed, hand-held saw 
cutting edge of a No, 20 scalpel blade and mallet may be used 
to make the cu ts in the troch 1 ea♦ 


35-103), The quadriceps muscle group is formed by the rec¬ 
tus femoris, vastus lateralis, vastus intermedium, and vastus 
medial is muscles. The vastus medialis and vastus lateralis 
muscles are fixed to the patella by the medial and lateral 
parapatellar fibrocartilage. I lie fibrocartilage rides on the 
ridges of the femoral trochlea and, along with the medial 
and lateral retinacula, aids in patellar stability. The medial 
and lateral retinacula are groups of collagen fibers that 
course from the fabella to blend with the medial and lateral 


or the 


Cut info the articular cartilage of the trochlea , making a 
diamond shaped outline . Be sure that the width of the cut is 
sufficient at Its midpoint to accommodate the width of the 
patella . Remove an osteochondral wedge of bone and earth 
lage by following the outline previously made (Fig. 35-104). 
Make the osteatomy so that the two oblique planes that form 
the free wedge intersect d is to IIy at the intercondylar notch 
and proxlmolly at the dorsal edge of the trochlear articular 
cartilage . Remove the osteochondral wedge and deepen the 
recession in the trochlea by removing additional bone from 

both sides of the newly created femoral groove . 
tf necessary, remodel the free osteochondral wedge w/ln 
rongeurs to allow the wedge to seat deeply into the 
femora I g roo ve. The wedge co n also be ro tated J 80 degrees 
when it is re turn ed to th e femora I g move i f do ing so aids in 
heightening the medial ridge , Replace the free osteochon¬ 
dral wedge when the depth is sufficient to house 50% of the 
height of the patella . Replace the patella and examine its sta¬ 
bility. Hold the limb at the tarsus and flex and extend the sti¬ 
fle. Internally and externally rotate the stifle while it is flexed 
and extended. If the patella remains in place , dose ftie 
arthrotomy as described for a lateral approach to the stifle 
joint (see p. I I 16). if the patella luxates > continue with me¬ 
dia/ release and lateral transposition of the tibiaI tuberosity. 


parapatellar fibro cartilages, respectively. The quadriceps 

and, along 


muscle group functions to extend 
with the entire extensor mechanism, aids in stabilizing the 


stifle joint. The quadriceps muscle group converges as the 
patellar tendon on the patella and then continues distally as 
the straight patellar ligament. 

The patella is a sesamoid bone embedded in the tendon of 
the quadriceps muscle. The inner articular surface is smooth 
and curved so as to fully articulate with the trochlea. The nor¬ 
mal gliding articulation of the patella and trochlea is neces¬ 
sary for maintaining the nutritional requirements of the 
trochlear and patellar a r ti cular surfaces. The pa teila i s also an 
essential component of the functional mechanism of the ex¬ 
tensor apparatus. The patella maintains even tension when 
the stifle is extended and also acts as a lever arm, increasing 
the mechanical advantage of the quadriceps muscle group. 

The tibia! tuberosity is located cranial and distal to the 
tibia! condyles. Its location and prominence arc important 
for the mechanical advantage of the extensor mechanism. 
The alignment of the quadriceps, patella, trochlea, patellar 
ligament, and tibial tuberosity must be normal for proper 
function. Malalignment of one or more of these structures 
may lead to patellar luxation. 

Special anatomic considerations in patients with medial 
patellar luxation must be noted. When the patella is posi¬ 
tioned medially the patellar ligament must be identified be¬ 
fore making a parapatellar incision to enter the joint. The 
lateral capsule is stretched and thin, whereas the medial cap¬ 
sule is contracted and thickened. Thickening and contrac¬ 
tion of the medial capsule is apparent if medial release is 
performed. The insertions of the cranial head of the saflo¬ 
rins muscle and the vastus medialis muscle should be iden¬ 


new 


The osteochondral wedge remains in place because of the 
net compressive force of the patella and friction between the 
cancellous surfaces of the two cut edges. 

Trochlear resection. Trochlear resection is a method nt 
deepening the trochlear groove through removal of articular 
cartilage and subchondral cancellous bone. The advantage of 
this technique is its simplicity. The disadvantage is that it re¬ 
moves the articular cartilage of the trochlea and allows ar- 
ticulation of the patella on the rough cancellous surface, 
which results in wearing of patellar articular cartilage. Nev¬ 
ertheless, the trochlear groove eventually fills with a combi¬ 
nation of fibrous tissue and fibrocartilage, and the patient 
appears to have acceptable limb function. 

Measure the width of the articular surface of the patella and 
this measurement to determine the proper vWdtfi of the 
trochlear resection. Remove articular cartilage and heme 
with a bone rasp , power burr f or rongeurs (Fig. 35- KM]. 
Make the length of the trochlear resection extend to the pm 
irnal margin of the articular cartilage and disiotly to the cof- 
tilage margin just above the intercondylar notch „ The grooms 
should be deep enough to accommodate 50% of tfte fjejgfe 
of the patella and allow the pa rapa teila r fib roca rtilage toon 








tified. The medial ridge of the trochlear sulcus and the ven¬ 
tral surface of the patella may be worn. 




Positioning 

The animal is positioned in dorsal or lateral recumbency 
and the leg is prepared from the dorsal mid line to the tarsal 
joint Dorsal recumbency allows visualization of unre¬ 
strained extensor mechanism deviation, and maximum ma¬ 
nipulation of the limb to evaluate patellar stability 

SURGICAL TECHNIQUES 

Arthrotomy 

Make a craniolateral skin incision 4 cm proximal to the 
patella and extend the incision 2 cm below the tibial tuberos¬ 
ity. Incise the subcutaneous tissues along the same line , Incise 
the lateral retinaculum and joint capsule to expose the joint. 
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FIG 35-104 


wedge from the patellar groove. 


Trochlear wedge recession. A, Resect an osteochondral 

the sides of the incised groove to deepen the sulcus. C, Repl 
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Using a scalpel, make 
through the medial fascia and joint capsule Begin the inch 
sion at the level of the proximal pole of the patella and 
tend it distally 

rote and do not suture the cut edges when surgery js 
comp fete. Rather, suture medial subcutaneous tissue to the 

cranial cut edge of the incision ., If dynamic contraction 
cranial so r tori us muscle and vastus medial is muscle directs 
the patella medially ■ release the insertions of these muscles at 
the proximal patella . Redirect the insertions and suture them 
to the vastus in termed!us muscle . 


medial parapatellar incision 


ticulate with the newly formed medial and lateral trochlear 

Make the medial and lateral trochlear ridges paral¬ 
lel to each other and the base of the groove perpendicular 


o 


n 


es. 


to the tibiaf crest. Allow th 


■ 


e master to sepa 


Release of the Medial Joint Capsule 

The medial joint capsule is thicker than normal and con 
traded in patients with a grade III or grade IV patellar luxa¬ 
tion. In these patients the medial joint capsule and retinacu¬ 
lum must be released to allow lateral placement of the patella . 
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FIG 35-106 


s 


Medial patellar luxations. A, Transpose the tibial crest laterally. Make a lateral 
parapatellar incision through the fascia lata and carry the incision distally onto the tibial 

!y below the joint line. Reflect the cranialis tibialis muscle from the lateral tibial 
tuberosity and tibial plateau to the level of the long digital extensor tendon, B t Position an 
osteotome beneath the patellar ligament and partly ostectomize the tibial crest. Do not 
transect the distal periosteal attachment, C, Stabilize the tibial tuberosity in its new location 

one or two small Klrschner wires 
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Tibia) Tuberosity Transposition 

Make a la feral parapatellar incision through the fascia lata and 
carry the incision distally onto the tibia! tuberosity below the 
pint line. Reflect the cranialis tibialis muscle from the lateral tib¬ 
iaI tuberosity and tibial plateau to the level of the long digital 
extensor tendon (Fig, 35-106 , AJ. Use sharp dissection to gain 

to the deep surface of the patellar tendon for placement 
of on osteotome. Beginning at the level of the patella, make a 
medial parapatellar incision through the fascia and distally 
hough the periosteum of the tibial tuberosity, Position 
teotome beneath the patellar tendon 3 to 5 

cranial point of the tibial tuberosity (Fig. 35-106, Bj* Use a mat- 

let to complete the osteotomy in a proximal to distal direction * 
Do not transect the distal periosteal attachment 


Lateral 


view 


access 


! on os- 
cm caudal to the 


The degree of lateral movement of the tibial tuberosity is 

subjective but is based on the longitudinal realignment of 

£ 

the tuberosity relative to the trochlear groove* 

Once the sde of relocation is chosen , remove a thin layer of 
cortical bone with a rasp or osteotome * 
fuberos/ty into position and stabilize it with 
Kirschner wires directed caudal Iy and slightly proximally 
(Fig. 35-106, C ). Engage the caudal cortex but do not exit 
the pin from the tibia caudally; if the pin protrudes too for 
from the caudal cortex of the tibia , persistent lameness 
suits. Check the stability of the patella as described above 

and relocafe the tuberosity if needed. 

Lateral Reinforcement 

for suture re;n forcement f place 
the femora Ida be liar ligament and lateral para patellar fibro - 

cartilage (Fig. 35-107). Next place a series of imbrication 

sutures through the fibrous joint capsule and lateral edge of 
the patella tendon. With the leg in slight flexion , tie the 
femoral-fabellar suture and imbrication sutures. 

If the patella is out of position most ol the time, the reti¬ 
naculum opposite the side of the luxation will be stretched; 
with medial luxations, there is redundant lateral retinaculum* 


Lever the tibial 


two small 


one or 


fW 35-107 

Lateral reinforcement of the retinaculum may be performed 
by placing a polyester suture through the femoral-fabellar 
ligament and lateral parapatellar fibrocartilage. 


re- 


POSTOPERATIVE CARE 

AND ASSESSMENT 


The limb is placed in a soft, padded bandage for 3 days. 
Leash walking only is allowed lor 6 weeks, then the animal is 

returned gradually to normal activity* 


polyester suture through 


PROGNOSIS 


Recurrent luxation after surgery has been reported in up to 
50% of joints evaluated. However, most are grade 1 luxations 
that do not affect clinical function. Most stifle joints func¬ 
tion well enough that lameness is not apparent during ex¬ 
amination, nor is clinical dysfunction reported by clients 

(Willhauer and Vasseur, 1987). Most patients with recurrent 
luxation show reluxation only on physical examination 
when manual force is used to displace the patella. Correla¬ 
tion of re luxation with the method or methods ot surgical 
correction has not been reported. Overall, the prognosis for 
patients undergoing surgical correction of a patellar luxation 
is excellent for return to normal limb function. Degenerative 
joint disease progresses despite treatment (Roy et ah, 1992) 
but is not as severe as that associated with chronic cranial 

cruciate ligament rupture. 


Of ice the patella has been reduced l excise the excess reti- 

psuie, allowing tight closure of the 


nacvlum and joint ca 
orth rotomy 


NOTE » With a medial luxation, it often is best to 
take more bone from ihe lateral side of the groove, 

much of the medial ridge as possible* 


preserving as 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Reference 


A fine-toothed saw (No* 12 X-aeto saw, available at most 
hobby shops ) is used for trochlear wedge recession* An 
teotome and mallet, Kirschner wires, and a hand chuck or 
drill are needed to secure the tibial crest when tibial tuberos¬ 
ity transposition is performed. 


evaluation of stifle osteoarthritis in 


Roy RG et al: A retrospective 

dogs with bilateral media! patellar luxation and unilateral surgi¬ 
cal repair, VetSurg 21:475,1992* 

Willhauer C Vasseur P: Clinical results of surgical correction of 
medial luxation of the patella in dogs, VetSurg 16:31, 1987. 
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“skipping” when walking or running. These patients oca- 
sionally stretch the medial retinacular structures and ap¬ 
pear for the first visit showing a non-weight-bearing lame¬ 
ness, Lameness in patients with a grade III luxation varies 
from an occasional skip to a weight-bearing lameness. Pa¬ 
tients with a grade IV luxation walk with the rear quarters 
in a crouched position because of inability to extend the 
stifle joints fully. 


Suggested reading 

Remedies AM et al: Medial patellar luxation in 16 large dogs: a ret¬ 
rospective study, Vet Sarg 21:5, 1992, 


LATERAL PATELLAR LUXATION 


Radiography 


DEFINITIONS 


With a grade 111 or grade IV luxation, standard craniocaudit] 
and medtahto-lateral radiographs consistently show the 

patella to be displaced laterally. With a grade I or grade II 
luxation, the patella may be within the trochlear sulcus when 
the radiographs are made or may be displaced laterally 


Lateral patellar luxation is an intermittent or permanent 
displacement of the patella from the trochlear sulcus. An- 
reversion is excessive external rotation of the proximal fe¬ 
mur relative to the distal femur. Coxa valga is an abnormal 
increase in the angle formed by the femoral neck and shaft 

in the frontal plane. 


Laboratory Findings 

Consistent laboratory findings are not 


SYNONYM 


Slipped knee cap 


DIFFERENTIAL DIAGNOSIS 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Differential diagnoses include hip dysplasia, osteochondritis 

tarsal joints, panosteitis, hypertrophic os¬ 
teodystrophy, capital phvseal injury, cranial cruciate liga¬ 
ment rupture, and muscle strain. It is important to note that 
many patients with lateral patellar luxation also have evi¬ 
dence of hip dysplasia. Both conditions may contribute to 
the lameness and require appropriate treatment for the dog 
to become sound. 


Lateral patellar luxation is seen most often in large breeds of 
dogs but does occur in small and toy breeds of dogs. The 
cause is unknown but is thought to be related to ant eversion 
or coxa valga of the coxofemoral joint, which shifts the line 
of force produced by the pull of the quadriceps lateral to the 
longitudinal axis of the trochlear groove. This abnormally 
directed lateral force pulls the patella from the trochlear sul¬ 
cus. Abnormal force placed on the growth plates of imma¬ 
ture patients causes skeletal abnormalities that are mirror 
images of those seen with medial patellar luxation. For fur¬ 
ther discussion of the pathophysiology of patellar luxation, 
see p. 1133. 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


Lateral patellar luxation may be treated conservatively or 
surgically. The choice of treatment depends on the patient s 
age, the clinical history, and the physical findings. Older pa¬ 
tients that are not lame and that have patellar luxation diag¬ 
nosed as an incidental finding do not 
vent ion. Rather, the client should be instructed to observe 

for clinica 1 signs assodated with patellar 1 uxation. 


I 


1 


r 


require surgical inter- 


i 


DIAGNOSIS 

Clinical Presentation 

Signal meat. Dogs of either gender and any age or breed 
may be affected. Lateral patellar luxations are more fre¬ 
quently seen in large breeds of dogs than in small and toy 
breeds. Medial patellar luxation, however, is more common 
than lateral luxation in dogs of all sizes. Lateral patellar lux¬ 
ation has not been described in cats. 

History, Affected animals most commonly are seen for 
evaluation of an intermittent, weight-bearing lameness. 
Owners may report that the animal occasionally holds the 
leg in a fl exed pos i t io n for o n e o r two s tep s. 

Physical Examination Findings 

The physical findings vary and depend on the 
luxation. The diagnosis is determined by finding or elicit¬ 
ing lateral luxation of the patella and eliminating other 
causes of rear limb lameness (see below). Patients with a 
grade I luxation generally show no lameness, and the diag¬ 
nosis is 

nation. Patients with a grade II luxation show occasional 


i 




SURGICAL TREATMENT 


F 


The goals and methods of treatment for lateral patellar lux- 

similar to those described for medial patellar luxa¬ 
tion on p. 1135. The surgical technique used in animals with 
lateral patellar luxations is similar to that described for os¬ 
teotomy of the tibial tuberosity In animals with media: 
patellar luxations (see p. 1139) except that the tuberosity^ 
repositioned and stabilized medially (Fig. 35 
dial retinaculum is reinforced with suture reconstruction, 
fascial lata transposition, and/or excision of redundant joint 
capsule. The lateral restraints are released to help neutralize 

lateral forces acting on the patella. Methods for deepening 
the trochlear groove are the same as those described forme 
dial patellar luxation. Osteotomies of the femur and tibia 
may be required to correct severe angular and torsional de¬ 
formities. Corrective osteotomies are best performed by a I 
specialist with the necessary equipment and training in these 
complex procedures. I 
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view 
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FIG 35-108 


For lateral patellar luxations, transpose the tibial crest medially., A, Make a parapatellar 
incision through the fascia lata and carry the incision distallv onto the tibia] tuberosity 
below the joint line. Position an osteotome beneath the patellar ligament and partly 
ostectomize the tibial crest. Do not transect the distal periosteal attachment. 8, Stabili 
tibial tuberosity in its new location with one or two small Kirschner wires. C, Reinforce the 
edial retinaculum with suture placed from the fabeila to the parapatellar fibrocartilage. 


! 


ize 
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Preoperative Management 

Perioperative antibiotics (see p. 826) and preemptive pain 
management with car profen or e to do lac (see Table 35-3) are 
indicated for dogs undergoing stifle reconstructive techniques. 

Anesthesia 

See p. 824 for a discussion of the anesthetic management of 
patients with orthopedic disease. Opioid epidural adminis¬ 
tration reduces postoperative discomfort (see p. 824), 

Surgical Anatomy 

See p. 1116 for the normal anatomy of the stifle joint. I n pa¬ 
tients with lateral patellar luxation, abnormal wear of the 
lateral trochlear ridge may be evident. The patella and patel¬ 
lar ligament lie lateral to the trochlear sulcus in these pa¬ 
tients. The patellar ligament must be identified before mak¬ 
ing a parapatellar incision to enter the joint. The medial 
retinaculum appears stretched in these patients, whereas the 
lateral retinaculum appears contracted. Release of the lateral 
retinaculum (with incision into the joint) reveals a thickened 

joint capsule. 

Positioning 

The patient is positioned in dorsal recumbency or in lateral 
recumbency with the affected leg up. I he leg should be pre¬ 


pared from the dorsal midline to the tarsal joint. A hanging- 
leg preparation and dorsal recumbency facilitates manipula¬ 
tion of the leg during surgery. 


SURGICAL TECHNIQUE 


A description of the surgical technique for correction of 
patellar luxation is given above and on p, 1135. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Instruments needed for tibial tuberosity transposition are an 
osteotome and mallet, Kirschner wires to secure the tibial 
crest transposition, and a hand chuck or drill. A fine-toothed 
saw is needed for trochlear wedge recession. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


The limb is placed in a soft, padded bandage for 3 days, after 
which the animal is limited to leash activity for 6 weeks. 


PROGNOSIS 


The prognosis is less favorable for large dogs with lateral 
patellar luxations than for smaller dogs with a medial patel¬ 
lar luxation; however, the prognosis is good for a return to 
functional activity. 
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Sug gested r eading __ 

Olmstead ML: Lateral luxation of the patella. In Rojrab MJ, editor: 
Disease mechanisms in small animal surgery .,, ed 2, Philadelphia, 
1993, Lea & Febiger. 

Vasseur PB: The stifle joint. In Shatter DH, editor: Textbook of small 
anitnalsurgery, ed 2, Phiiadelphia, 1993* WB Saunde rs . 


OSTEOCHONDRITIS DISSECANS 
OF THE STIFLE 


DEFINITION 


Osteochondritis dissecans is a disturbance in endochondral 
ossification that leads to retention of cartilage; it occasion¬ 
ally occurs in the stifle of immature large dogs. 


FIG 35-109 

Radiograph of a stifle with osteochondritis dissecans of the 
lateral femoral condyle. There is a rodiolucent defect on the 
distal surface of the lateral 


femoral condyle (arrow). 


SYNONYMS 


serve the extent of the lesion. Radiographs of both stifles 
should be made to identify bilateral disease. Definitive radi¬ 
ographic diagnosis of OCD is made when a radiolucent con¬ 
cavity is observed on the medial or lateral femoral condyle 
(Fig, 33-109). More subtle radiographic signs include flatten¬ 
ing of the articular surface and subchondral sclerosis. Radi¬ 
ographic signs of secondary DJD usually are seen (see p, 1034), 

Laboratory Findings 

The results of hematologic and serum biochemical analyses 
are normal in most affected animals. 'The results of arthro- 
centesis may include decreased synovial fluid viscosity, in¬ 
creased fluid volume, and an Increased number of mononu¬ 
clear phagocytic cells (up to 6000 to 9000 WBC/ptl). 


Osteodmndrosis, OCD 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Osteochondritis dissecans (OCD) begins with a failure of 
endochondral ossification in either the physis or the articu¬ 
lar epiphyseal complex* which is responsible for the forma¬ 
tion of metaphyseal bone. This condition occurs more com¬ 
monly in the shoulder elbow, and hock. The pathogenesis of 

OCD is discussed on p. 1048. With OCD of the stifle, a piece 

of cartilage and subchondral bone usually is observed that 
involves the medial surface of the lateral femoral condyle 
(most frequently affected) or the medial femoral condyle. 
The condition often is bilateral. 


DIFFERENTIAL DIAGNOSIS 


DIAGNOSIS 

Clinical Presentation 


OCD must be differentiated from other diseases of young 
growing dogs that affect the rear limb and may cause similar 
clinical signs of lameness (hip dysplasia and panosteitis).Cra¬ 
nial cruciate ligament rupture is ruled out by physical exami- 

nation and the presence of radiographic evidence of OCD. 


Signalment* Affected dogs usually are large (e.g., Ger¬ 
man shepherds, Great Danes) and young, the average age at 
onset of lameness being 3 to 7 months (range, 3 months to 3 
years). Males are affected more often than females. 

History, Rear limb lameness, which worsens after exer- 

be acute or chronic and mild or severe. Often the 


MEDICAL MANAGEMENT 


Medical therapy may be used to treat older dogs with estab¬ 
lished DID and dogs with small lesions and minimal lame¬ 
ness. Lame animals should be treated with confinement and 
administration of NSAlDs (see Table 35-3). After the lame¬ 
ness has subsided, exercise is increased gradually to 
strengthen the surrounding musculature. Weight control is 
also important in the management of DJD, If there is non? 
sponse, surgery should be considered. 


cise, may 

onset of the lameness is insidious. Owners frequently com¬ 
plain that the dog is stiff in the morning or after rest, and they 
generally are concerned that the dog may have hip dysplasia. 


Physical Examination Findings 

Lameness of one rear limb usually is evident. There may be 
stifle joint effusion and crepitation, especially if degenerative 
joint disease is progressing, in immature dogs, a very slight 
c r a n i a 1 d raw e r may b e n o te d, esp ecially w it h m us c le at ro phy. 
However, when the cranial drawer is tested in animals with 
stifle OCD, drawer motion should stop abruptly, indicating 
that the cranial cruciate ligament is intact (see p. I 112). 

Radiography 

Radiographic views should include standard cranio caudal and 
lateral views of the stifle. Oblique views may be needed to ob- 


SURGICAL TREATMENT 


Surgical removal of the cartilage flap allows the defect to heal 
by outgrowth of fibrocartilage from underlying subchondral 
bone. Surgery may be useful in young animals when the dis¬ 
ease is diagnosed before the onset of DJD and in lame ani¬ 
mals when the condition is unresponsive to medical therapy. 
However, surgical management does not usually alter the 
progression of DID. 
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Preoperative Management 

Most affected animals are young and otherwise healthy. 
Therefore only minimal p re operative 
blood count and serum chemistries) usually is necessary. 

Anesthesia 

Anesthetic management of young animals undergoing elec¬ 
tive surgery for stiilc disease typically consists of inducing 
anesthesia with thiobarb it urates or other injectable agents 
(e.g., propofol or ketamine) and maintaining anesthesia with 
inhalants (halothane, isoflurane, sevoflurane) in oxygen (see 
p. 824 ), Postoperative analgesia may be indicated (see p. 824). 

Surgical Anatomy 

The surgical anatomy of the stifle is discussed on p. 1116. Ei¬ 
ther a standard medial or lateral parapatellar approach can 
be used to expose the lesion. 

Positioning 

The dog is positioned in dorsal recumbency with the af¬ 
fected limb suspended for draping. The limb is then released 
to allow access to the medial or lateral surface of the stifle. 


Suggested reading 


Bertrand SC ct al: Arthroscopic examination and treatment of os¬ 
teochondritis dissecans of the femoral condyle of six dogs, / Am 

Anim Hasp Assoc 33:451; 1997, 


workup (complete 
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TARSUS 




LIGAMENT INJURY OF THE TARSUS 


DEFINITIONS 


Ligament injury to the tarsal joint may result from injury 
within or surrounding the tarsocrural, proximal inter tar sal, 
distal intertarsal, or tarsometatarsal joints. Luxation is a 
complete separation between one of the above joint surfaces, 
and subluxation is a partial or incomplete separation. The 
term varus denotes an inward deviation of the limb, and 
valgus denotes an outward deviation. Shearing or deglov- 
ing injuries result from abrasion, which may cause skin, lig¬ 
ament, and bone loss. 


SYNONYMS 


SURGICAL TECHNIQUES 


Tarsal joint luxation , tarsocrural 


The surgical approach selected depends on the surgeon’s 
preference (see p. 1116 for the lateral and medial parapatel¬ 
lar approaches). Regardless of the technique used for expo¬ 
sure, the appropriate femoral condyle should be examined 
and the flap of cartilage removed. Curettage is done to re¬ 
move fragments of cartilage from the edges of the lesion. 
The joint should be repeatedly flushed to remove any small 
fragments before closure. For arthroscopy of the stifle joint 
see p, 1113, 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Ligament injuries of the tarsus usually result from severe 
trauma such as vehicular accidents. Most injuries are open 
abrasions with moderate to severe loss of soft tissue or bone 
or both. Shearing injuries usually involve the tarsocrural joint. 
They typically occur when the limb is caught beneath a tire 
and are associated with severe abrasion of the soft tissues and 

can involve the lateral or medial sur¬ 
face of the tarsus, but the medial surface is more commonly 
injured. Subluxation results from injury of the medial or lat¬ 
eral collateral ligament complex or fracture of the medial or 
lateral malleolus. Luxation generally results from injury of 
both the medial and the lateral collateral ligament complexes, 
fracture of both malleoli, or fracture of one malleolus with in¬ 
jury to the contralateral collateral ligament complex. A num¬ 
ber of intertarsal injuries have been recognized as resulting 
from disruption of various ligament complexes between tarsal 
bones. Proximal intertarsal subluxation, proximal intertarsal 
luxation, and tarsometatarsal luxation are most common. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


malleoli. Shear injuries 


Oschner forceps are helpful in grasping the cartilage frag¬ 
ment, A bone curette is needed to curette the edges ot the 
lesion. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


The limb may be bandaged after surgery for 3 to 3 days to 
provide soft tissue support. The animal should be confined 
to leash walks only for 4 to 6 weeks and then allowed grad¬ 
ual resumption of normal activity. 


DIAGNOSIS 

Clinical Presentation 

Signalment. Any age or breed and either gender of dog 
or cat may be affected. 

History* Most animals are presented for evaluation of a 
non-weight-bearing lameness. Some animals have an associ¬ 
ated open wound over the tarsus. 

Physical Examination Findings 

Complete tarsocrural joint luxation is obvious; the animal is 
non-weight-bearing and, die paw deviates at an unnatural 


PROGNOSIS 


The pro g no si s d epend s o n l h e s i ze o f t h e I e s i o n an d wh et h er 
degenerative joint disease is present. Dogs treated conserva¬ 
tively for OCD of the stifle usually have continued intermit¬ 
tent lameness and progressive DJD, Those treated surgically 
for OCD of the stifle may have improved limb function, but 
lameness may be evident after exercise. DJD usually is pres¬ 
ent even after surgery and requires occasional medical treat¬ 
ment (see above). Most dogs are functional pets and are only 
intermittently lame. In rare cases infection of the surgical 
site may d evelop a fter s urgery. 
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stability is suspected but not confirmed, standing lateral (or 
craniocauda) stress films) and varus-valgus stress films are 
useful (Fig, 35-111), 

Laboratory Findings 

Consistent laboratory abnormalities are not seen* 


angle. Pain, swelling, and crepitus are present. Subluxations 
may be more difficult to diagnose, particularly if only one 
part of the medial or lateral ligament complex is injured. An¬ 
imals with very unstable sub luxations are unable to bear 
weight, and the paw deviates to the direction opposite the 
ligamentous damage (i,e*, if the subluxation is medial, the 
paw deviates laterally)* If partial rears of the collateral com¬ 
plex are suspected, varus and valgus forces should be applied 
to the joint while it is extended and flexed. Laxity in extension 
denotes injury to the long components of the collateral liga¬ 
ment complex, whereas laxity in flexion only denotes injury 
to the short component of the collateral ligament complex. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include mild sprain, fractures of one 
or more tarsal bones, osteochondritis dissecans of the talus, 
and arthritis* These conditions can be differentiated from 
tarsal luxation or subluxation by radiography. 


MEDICAL MANAGEMENT 


NOTE * Be sure to place the joint m extension to 
evaluate medial or lateral restraint injury. 


Medical management is not rewarding with these injuries. 
Surgery is needed to restore the functional integrity of the 
joint. 


With shearing injuries that cause luxation or subluxation, 
soft tissue abrasion and bone loss occur. Often the bone sur¬ 
face and articular cartilage are exposed. With intertarsai lux¬ 
ation a n d t a rso m et atarsa 1 sub 1 u xat io n, a n i mats us u a I ly a re i n 
pain and unable to bear weight on the affected limb, and the 
involved area is swollen. Abnormal rotation and deviation of 
the foot are seen* 


SURGICAL TREATMENT 


Each patient needs a thorough neurologic and vascular eval¬ 
uation to determine the feasibility of treatment. With tar- 
socrural luxation or subluxation, the objectives of treatment 
are to reestablish joint stability to achieve pain-free weight 
bearing. Reconstruction of the short and long collateral lig¬ 
ament components is recommended tor optimum results, 
With severe ligament injuries of the tarsus, partial or com¬ 
plete fusion and limb amputation are alternatives to joint re¬ 
construction. With shearing injuries, the objective of mam 


Radiography 

Standard craniocaudal and medial-to-lateral radiographs of- 

sufficient for complete evaluation (Fig. 35-110)* It in- 


ten are 


F 


FIG 35-11 1 

Varus stress radiograph of the tarsus. Widening of the 
medial joint space indicates damage to the medial collateral 
ligament and joint capsule* 


FIG 35-1 1 O 


Craniocaudal radiograph of a luxated tarsal joint Note the 
fracture of the lateral malleolus and the medial displacement 
of the tibia. 
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and Hbrocartilage. The luxation occurs between the distal 
row of tarsal bones and metatarsal bones. Treatment is best 

with selective fusion of the distal inter tarsal 


agement is to achieve a pain-free, functional patient* If the 
cartilage and bone damage is limited to the malleolus, re¬ 
construction can be attempted. However, if damage to the 
cartilage and bone is severe, amputation or tarsal arthrode¬ 
sis should be considered. 

Proximal intertarsal subluxation with plantar instability 
occurs when excessive dorsal flexion causes disruption of the 
p!an tar 1 igament co mplex between the ca 1 eaneus and to ur t h 
tarsal bones. Treatment involves selective fusion of the joint 
surfaces between the calcaneus and fourth tarsal bones. 

Proximal intertarsal subluxation can occur with dorsal 
instability. This injury results from damage to the dorsal lig¬ 
aments and dorsal joint capsule between the talus and cen¬ 
tra! tarsal bone caused by hyperextension. Treatment in most 
cases is best accomplished with rigid coaptation. If this is not 
successful, selective fusion of the taiocentral joint can be per¬ 
formed. 

Proximal intertarsal luxation occurs when excessive dorsal 


acco mp lish ed 

joint (tarsometatarsal joint). Occasionally, the luxation oe- 

iaterally between the fourth tarsal bone and adjacent 
metatarsal bones, with the medial separation occurring be¬ 
tween the second and third tarsal bones and the central tarsal 


c u rs 


bone. In these patients selective fusion of the joint space be¬ 
tween the fourth tarsal and adjacent metatarsal bones is ac¬ 
complished with a bone plate secured to the fourth tarsal 
bone and fifth metatarsal bone. Medially, a small bone plate 
is secured to the central tarsal bone proximally and the sec¬ 
ond tarsal and second metatarsal bones distallv. 


Preoperative Management 

Open wounds should be cleaned and a sterile dressing ap¬ 
plied before surgery (see shearing injuries, p. t 147). Patients 
with open wounds should be started on therapeutic antibi¬ 
otics (see p. 826), A bandage with a splint should be applied 
to support the limb, and the animal should be confined to a 
small space to prevent further joint damage until definitive 

can be performed. 


flexion causes disruption of the plantar ligament complex both 
between the calcaneus and fourth tarsal bones and between the 
talus and the central tarsal bone (Fig* 35-112). Complete lux¬ 
ation is differentiated from subluxation by marked dorsal dis¬ 
placement of the distal tarsus at the proximal intertarsal joint 
Treatment is by selective fusion of the proximal intertarsal 

joint. 

■ 


Anesthesia 

Anesthetic management of animals with orthopedic disease 
is provided on p. 824. Traumatized animals should be evalu¬ 
ated for other injuries that may affect the anesthetic protocol. 


Tarsometatarsal luxation (Tig. 35-113) occurs when exces¬ 
sive dorsal flexion causes disruption of the plantar ligaments 


FIG 35-113 

Craniocaudal radiograph of o dog with a tarsometatarsal 
bluxation. Nate the fragmentation of the second tarsal 

bone (arrowj. 


FIG 35-112 

Lateral radiograph of the tarsus of a dog with proximal 
intertarsal subluxation. 


su 
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eral collateral ligament and short cal can eofibu lar ligament 
(Fig. 35-114, B). A knowledge of the anatomic points of ori¬ 
gin and insertion of each ligament is important for recon¬ 
struction of medial and lateral ligament injuries. Most of the 
stability of the intertarsal and tarsometatarsal joints is pro¬ 
vided by a complex network of plantar ligaments, tarsal fi- 
brocartilage, and joint capsule. Plantar Ligaments originate 
from the calcaneus and attach to the central and fourth 
tarsal bones before inserting on the metatarsal bones (Fig. 

35-114, C). 

Positioning 

The limb is clipped from the coxofemoral joint to the digits 
so that the paw can be included in the sterile field. This al- 


Surgicol Anatomy 

The tarsus consists of the tibia, the fibula, and the proximal 
tarsal, distal tarsal, and metatarsal bones. These bones form 
the tarsocrural, intertarsal, and tarsometatarsal joints. The 
tarsocrural joint is formed by the fibula and cochlea oi the 
tibia proximally and the talus and calcaneus distally. The in¬ 
tertarsal joints are formed by articulations between the tarsa! 
hones, and the tarsometatarsal joints are formed by the ar¬ 
ticulations between the distal tarsal and metatarsal bones. 
The tarsal joints are supported by a complex arrangement of 
ligaments* The major ligaments providing medial support of 
the tarsocrural joint are the long medial collateral ligament, 
short medial collateral ligament, and tibiocentral ligament 
(Fig. 35-114, A). Lateral support is provided by the long lat- 
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FIG 35-114 

Media I (A), lateral (B), and plantar (C) views of ligament structures that provide stability 
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to the tarsal joint. 
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Shearing Injuries 

When the animal is first seen, cover the wound with a sterile 
dressing and temporarily immobilize the limb with an exter¬ 
nal splint. Once the animal is stable enough to be anes¬ 
thetized, debride the wound. Liberally flush the wound with 
0.05% chlorhexidine. Fill the wound with sterile KY felly and 

clip the surrounding area. Transfer the patient to the operat¬ 
ing room; debride obvious necrotic tissue and remove for¬ 
eign material. If the medial surface is abraded, perform liga¬ 
ment reconstruction by inserting bone screws in the 
malleolus and talus to mimic the origin and insertion of the 
medial collateral ligament complex (Fig. 35-116), If the lat¬ 
eral surface is abraded, place bone screws in the malleolus 
and calcaneus to mimic the origin and insertion of the 
lateral collateral ligament complex (Fig. 35-117). Place 
figure-eight, heavy, nonabsorbable suture or wire between 
the screws. Tie the suture used to mimic the short component 
of the lig amen t com plex w i rh the j o i nt at 9 0 d eg ree s a n d t i e 
the suture used to mimic the long component of the ligament 
complex with the tarsus in a normal standing angle. If malle¬ 
olar fracture is present rather than ligament injury, reduce 
and stabilize the fracture with a tension band technique. Im¬ 
mobilize the reconstruction for 2 to 4 weeks with a transar- 
ticular external skeletal fixator. Place one full pin 6 to 7 cm 
proximal to the malleolus and one full pin through the 
metatarsal bones just below the tarsometatarsal joint line. 
Contour medial and lateral external bars to an angle simulat¬ 
ing the standing angle of the tarsal joint. Place a half pin 2 to 
3 cm above the malleolus and a second half pin through the 
central and fourth tarsal bones. Tighten the pin damps. Al¬ 
ternatively* use a bivalve short (midtibia) cast (see p. 1007). 


lows direct manipulation and visual orientation of the paw ? 
during reconstruction. Dorsal recumbency allows exposure 
of all surfaces of the tarsus. A hanging-leg preparation facil¬ 
itates manipulation of the limb during surgery (see p. 25). 
The proximal tibia is available for cancellous bone harvest. 
As an alternative, prepare the proximal humerus for cancel¬ 
lous bone harvest when arthrodesis is performed. 

SURGICAL TECHNIQUES 

Torsocrural Luxation or Subluxation 

Depending on which side is injured\ make a curved incision 
centered over the medial or lateral malleolus , Begin the inci¬ 
sion 4 cm above the joint line and continue distally to a point 
4 cm below the tarsometatarsal joint line, Incise the subcuta¬ 
neous tissues and deep fascia along the same line. Once the 
deep fascia has been incised , remnants of the collateral liga¬ 
ment complex and joint capsule are exposed, and the articu¬ 
lar surface is visible. Reduce and align the joint surfaces Su¬ 
ture the joint capsule and injured ligaments with small , 
nonabsorbab/e suture. Protect the repair with nonabsorbable , 

on the an imat's size) 
figure-eight sutures strategically placed to mimic the short and 
long components of the collateral ligament complex . Drill 
bone tunnels in the malleolus where the ligament complex 
originates. Next f drill tunnels where the short and long com¬ 
ponents of the collateral ligament complex insert Place two 
strands of nonabsorbable polyester suture through the 
predrilled holes in the malleolus. Pass one end of the suture 
strand through the tunnel drilled to mimic the insertion of the 
short component and pass the end of the other strand through 
the tunnel drilled to mimic the insertion of the long component 
of the collateral ligament complex. Place the sutures in a 
figure-eight pattern and tie them such that the suture placed as 
the short component is tied with the joint in 90 degrees of flex¬ 
ion (Fig. 35- J 15). Tie the suture placed to simulate the long 
component with the joint in a normal standing angle. 


heavy (No. 2 to No. 5, depending 


NOTE * After placement of the medial and lateral 
bars, resistance to craniocaudal bending con be im¬ 
proved by adding an additional external bar. 


A 


FIG 35-116 


Reconstruction of the medial collateral restraint complex with 
screws and suture material. Note the proper placement of 
the proximal and distal talar screws to mimic the insertion 
points of the short and long components of the restraint 
complex, respectively. 


FIG 35-115 


Primary repair of collateral ligaments : is supported with 
heavy suture to simulate the long and short components of 
the collateral ligament complex. 
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FIG 35-1 17 

Reconstruction of the lateral collateral restraint complex with 
screws and suture material Note the proper placement of 
the proximal and distal talar screws to mimic the insertion 
points of the short and long components of the restraint 
complex, respectively. 
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Proximal Intertarsa! Subluxation 
with Plantar Instability 


FIG 35-118 


Lateral radiographs showing stabilization 
plantar instability with a pin and tension band. 


I 


proxi 


Expose the joint through a caudolateral incision. Remove ar¬ 
ticular cartilage from the articular surface of the calcaneus 
and fourth tarsal bones with a curette or pneumatic burr. Use 
lightly undersized drill bit fin relationship to the Stein- 
pinj to predr ill a hole from the proximal calcaneus 
down the calcaneal shaft. Insert a Steinmann pin to the point 
where the tip of the pin 
lage was removed. Harvest a cancellous bone graft and 

pack it into the space between the calcaneus and fourth 
tarsal bone. Reduce the joint and drive the pin across it to 
seat in the body of the fourth tarsal bone. Drill a transverse 
hole across the distal quadrant of the fourth tarsal bone and 
drill a second transverse hole in the proximal quadrant of the 
calcaneus . Place orthopedic 




callous bone graft. Reduce the joint and stabilize with cross 

that it enters the bose of the ml 


a s 


pins. Place one pin so 

metatarsal bone, crosses the joint , and is seated in the cen¬ 
tral tarsal bone. Place the second pin so that it enters 
base of the second me tatorsal bone, crosses the joint, and h 
seated in the fourth tarsal bone. If the luxation 
ally between the fourth tarsal bone and adjacent meblarsd 
bones , with the medial separation occurring between fa 
second and third tarsal bones and central tarsal bone , ex¬ 
pose the tarsometatarsal join t with two incisions. Make a lat¬ 
eral incision extending 5 cm proximo! and distal to the tar¬ 
sometatarsal joint line. Make a 


mann 




fa 




be seen exiling where the corti- 












occurs icier 


* 








through the drill holes in a 
-eight pattern to complete a tension-band wire (Fig. 

35 - / 18). Use 20-gauge orthopedic 

medium-sized dogs and cats and 18-gauge for large dogs. 


i* 


similar incision medfah 
Remove articular cartilage from all exposed joint surfaces 
and insert a cancellous bone graft . Stabilize the fusion wii i 
s m all bone p lutes ■. L a ter a ily s ecure a plate to the fourth tarsal 
and fifth metatarsal bones (Fig. 35-120), Medially secure 0 

mall bone plate to the central tarsal bone proxi molly ard to 
the second tarsal and second metatarsal bone dktally I 


fig u re 


for sm 


Proximal Intertarsa! Luxation 

Make a lateral incision beginning at the proximal end of the 
calcaneus and extending distally 3 to 4 
sometafarsal joint line. Remove articular cartilage from the 
joint surfaces and insert a 
compression plate to the lateral surface of the calcaneus > 
fourth tarsal bone, and fifth metatarsal bone (Fig. 35- 1191 

Tarsometatarsal Luxation 

Expose the articular surfaces of the joint through a cranial 
incision. Reflect the extensor tendons late rally to gain ade¬ 
quate exposure Remove articular cartilage and insert a can- 


s 


below the tor- 


Tarsocrural Joint Arthrodesis 

Tarsocrural joint arthrodesis is indicated for severe injury of 
the tibial cochlea and condyles of the talus that preclude* 

maintaining a long-term, pain-free articulation. Arthrodesis 
is also indicated when painful degenerative joint disease is 
not responsive to conservative measures. In conjunctkiQ 
with tarsocrural joint fusions, the proximal intertarsa! and 
tarsometatarsal joints are also fused. 


cancellous bone graft. Apply 
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FIG 35-120 

Cramocaudal radiograph showing stabilization of 
tarsometatarsal instability with a bone plate placed on the 
lateral surface of the calcaneus and fifth metatarsal bones. 


FIG 35-119 

Craniocaudal radiograph showing stabilization of proximal 


bone plate placed on the lateral 


intertarsal instability with a 
surface of the calcaneus and fifth metatarsal bones 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Determine the normal standing angle of the opposite limb be¬ 
fore surgery and use it to approximate the fusion angle during 
arfhrodes is o f the injured limb- Mak e an incis ton over th e era - 
nbl surface of the joint. Begin the incision over the distal one 
third of the tibia and extend it distall/ midway down the 
metatarsal bone s. Enter the tar sac rural joint to expose the 
ticular surfaces . With a 


Nonabsorbable suture or wire generally is used throughout 
the procedures described above. A power drill, bone plate 
and screws, and a bone curette and air drill to remove artic¬ 
ular cartilage are necessary for arthrodesis and cancellous 
bone harvest. 


sow, remove the articular sup 
race of the distal tibia by cutting perpendicular to the long axis 
of the bone. Cut the trochlea of the talus to achieve the appro¬ 
priate fusion angle when the cut surfaces rest flush with each 
other Alternatively remove the cartilage of the tarsocrural joint 
with o pneumatic burr following the joint contours , Use the nor¬ 
mal standing angle of the opposite limb to approximate the fu¬ 
sion angle. Maintain reduction of the cut surfaces with small 
Kfrschner pins and pack a cancellous bone graft around the 
joint Open the joint capsule of the proximal intertarsal and 
tarsometatarsal joints to expose the articular surfaces . Remove 
rfie cartilage with a pneumatic burr and insert a cancellous 
bone graft . Stabilize the joints with a bone plate applied to the 
cron i al s or face . B end th e pla te to con form to the es tabI ished fu - 
sion angle and secure it proximally by placing three screws in 
the distal tibia , two to four screws in the tarsal bones, and three 
screws in the third metatarsal bone. As 


POSTOPERATIVE CARE 
AND ASSESSMENT 


After repair of tarsocrural luxation or sub luxation, the tar¬ 
sus should be placed in a normal standing angle and im¬ 
mobilized with rigid external coaptation or a transarticular 
external skeletal fixator for 3 weeks. During this time activ¬ 
ity should be limited to leash walking, and the coaptation 
bandage should be checked frequently. After removal of the 
splint, passive flexion and extension of the joint can be ini¬ 
tiated and activity slowly increased over the next 6 weeks. 
If a shearing injury is present, treat the wound as an open 
wound with daily changes of a sterile adherent dressing 
and liberal flushing with 0.05% chlorhexidiiie (see p. 140), 
Once healthy granulation tissue has formed, apply a non- 
adherent sterile dressing. If an external fixator is used, fol¬ 
low postoperative care guidelines (see p. 868). The external 
fixator is removed 6 weeks after surgery. After arthrodesis, 
protect the repair with external coaptation for 6 weeks and 


alternative, if a 
lengthening plate is used to bridge the tarsus, attach the plate 
to the distal tibia and metatarsus with three or four screws in 


each bone (Fig. 35-121). 
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FIG 35-131 


Dorsal placement of a plate for torsocrurol arthrodesis. Because the plate is or 
compression surface of the bone, it is subject to failure. If possible 


en 


a en 


f 


should be used. 


Gorsc Mj, Early TD, Aron DN: Tarsocrural arthrodesis: long-term 
functional results, j Am Anim Hasp Assoc 27:232,1991. 


restrict activity until radiographic evidence of hone union 
is seen 


¥ 


PROGNOSIS 


OSTEOCHONDRITIS DISSECANS 
OF THE TARSUS 


Adequate limb function can be expected in most patients with 

after appropriate surgical intervention. Dogs 
with shearing injuries treated with prosthetic ligament or ex¬ 
ternal fixation (or both) have limited range of motion and pro¬ 
gressive degenerative joint disease; however, 75% have good to 
excellent use of the limb (Diamond, Besso, Boudrieau, 1999) 
Complications include infection and loose implants. Implant 
removal may be indicated. Continued lameness should be ex- 
pected in animals with subluxation or luxation that is not ad¬ 
equately stabilized. After partial tarsal arthrodesis most dogs 

normal activity. Implant removal may be indicated if 


tarsal injuries 


DEFINITION 


■ 


Osteochondritis dissecans is a disturbance in endochondral 
ossification that leads to cartilage retention; it occurs in the 
hocks of immature large-breed dogs. 


SYNONYMS 


resume 

lameness persists after bone healing (Dyce et aL, 1998), 

Long-term outcome after tarsocrural arthrodesis is variable 
with 25% of dogs with a good functional outcome, 42% of 
dogs with a fair outcome, and 33% of dogs with a poor out- 

Better function was observed in dogs with pantarsal 


Os teach o n d ros is , OCD 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


come, 

arthrodesis (Gorse, Early, .Aron, 1991). 


Osteochondritis dissecans (OCD) begins with a failure ve 

rsis or articular 


endochondral ossification in either the ph) 
epiphyseal complex, which is responsible for the formation 
of epiphyseal bone. This condition also commonly occurs in 
the shoulder, elbow, and stifle. The pathogenesis of OCD is 
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1048. With OCD of the talus, a large piece of 


discussed on p, 
cartilage and subchondral bone usually is observed involv¬ 
ing the medial (most frequently affected) or lateral trochlear 




RJ: Evaluation of joint 


stabilize- 
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of the tarsus in 20 dogs. 
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FIG 35-122 


Positioning for 

lateral condylar ridge without superimposition of the calcaneus. 


craniocaudal view of the Flexed hock. This view allows visualization of the 


a 


chondral bone trabeculae in the defect are thickened, and 
bone marrow fibrosis is noted* 


ridges), and a craniocaudal view (made with the hock flexed 
to visualize the cranial portion of the trochlear ridges and 
the lateral condylar ridge without super imposition of the 
calcaneus) (Fig* 35-122)* Radiographs of both hocks should 
be made, because bilateral disease is common* Definitive ra¬ 
diographic diagnosis of OCD is made when a radiolucent 
concavity is observed on the medial or lateral trochJear ridge 
(Fig. 35-123), Radiographic signs of secondary DID usually 
are seen (see p* 1034), 


DIAGNOSIS 

Clinical Presentation 

Signalment, Affected dogs usually are large; rottweilers 
are most frequently affected. The average age of onset of 

lameness is 5 to 7 months, and the condition affects both 
males and females. 


i 


is evidence of a hereditary compo¬ 
nent in the etiology based on the predilection of rot¬ 
tweilers to develop this condition. 


NOTE * There 


NOTE • Radiograph both hocks because of the fre¬ 
quency of bilateral disease; however, unless the an¬ 
imal shows clinical signs, surgery of the opposite 
limb may not be necessary. 




History. Rear limb lameness that worsens after exercise 
may be acute or chronic. Owners frequently report that the 
dog is stiff in the morning or after rest? but they generally are 
concerned that the dog may have hip dysplasia. 

Physical Examination Findings 

Lameness of one rear limb usually is evident. The dog may 
hyperextend the hocks and have a stiff or stilted gait because 
of bilateral lameness* Pain may he elicited on hock flexion* 
Palpation of the hocks should include an evaluation of range 
of motion* A decrease in the animal's ability to flex the hock 
indicates secondary degenerative joint disease. Crepitation 
during hock flexion and extension, joint effusion, and peri¬ 
articular swelling may be noted if DJD is present* 

Radiography 

Radiographic views should include a standard lateral of the 
hock, a flexed lateral to expose the proximal portion of the 
talus, a craniocaudal view of the hock (made while the hock 
is extended to visualize the proximal portion of the trochlear 


Laboratory Findings 

The results of hematologic and serum biochemical analyses 
are normal in most affected animals* The results of arthro- 
cen tests may include decreased synovial fluid viscosity, in¬ 
creased fluid volume, and an increased number of mononu¬ 
clear phagocytic cells (up to 6000 to 9000 WBC/pJ)* 


DIFFERENTIAL DIAGNOSIS 


OCD must be differentiated from other diseases of young 
growing dogs that affect the rear limbs and may cause simi¬ 
lar clinical signs of lameness (i.e., hip dysplasia and pan os¬ 
teitis), Decreased range of motion and swelling in the hock 
usually identify hock disease as a possible cause of lameness. 


MEDICAL MANAGEMENT 


Medical therapy is generally used to treat older dogs with es¬ 
tablished DID, Lame animals are treated with confinement 

and administration of NSAJDs (see Fable 35-3)* After the 
lameness has subsided, a gradual increase in exercise is 
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FIG 35-123 


Radiographs of hocks with osteochondritis dissecans. A, Standard craniocaudal view with 
a lesion on the medial trochlear ridge of the talus. There is a flattening of the medial 
trochlear ridge, and the joint space is widened ( arrowhead) t B, Flexed craniocaudal view 

the lateral trochlear ridge of the talus. A subchondral fissure is visible at 

Olmstead ML: Smalt animal orthopedics , St, 


with a lesion on 
the base of the lateral trochlear ridge, [From 

Louis, 1995, Mosby,] 


Positioning 

The dog is positioned in dorsal recumbency with the ah 

fected limb suspended for draping. The limb is then released 
to allow access to the medial or lateral surface of the hock. 


indicated to strengthen surrounding musculature. Weight 
control is also important in the management of DID. 


SURGICAL TREATMENT 


Surgical removal of the cartilage flap allows the defect to heal 
by outgrowth of fibrocartilage from underlying subchondral 
bone. Surgery may be useful in young animals when the dis¬ 
ease is diagnosed before the onset of DJD and in lame ani¬ 
mals in which the condition is unresponsive to medical ther¬ 
apy. However, surgical management does not usually alter 
the progression of DID, 


SURGICAL TECHNIQUES 


The surgical approach selected depends on the location of the 
lesion. Lesions of the medial trochlear ridge are visualized us- 

dorsomediat and/or plan taro medial surgical approach, 


mg a 

whereas lesions of the lateral trochlear ridge are visualized us 
ing a dorsolateral and/or plantarolateral surgical approach. 
Regardless of technique used for exposure, the appropriate 
trochlear ridge is examined and the flap of cartilage removed. 
Curettage is done only to remove fragments of cartilage from 
the edges of the lesion. The joint should be repeatedly flushed 
to remove any small fragments before closure. 


Preoperative Management 

Most affected animals are young and otherwise healthy, 
therefore only a minimal preoperative workup is necessary 
(i. e., com p 1 ete hi ood co u nt and serum ch em i st r ies). 

Anesthesia 

Anesthetic management of young animals undergoing sur¬ 
gery for orthopedic disease is described on p, 824. Postoper¬ 
ative analgesics may be indicated (see p. 824), 

■i 

Surgical Anatomy 

Surgical anatomy of the hock is discussed on p, 1146. Ap¬ 
proaches to the lateral and medial trochlear ridge that do not 
involve osteotomy of the epicondyle or collateral ligament 
transection appear to result in less postoperative morbidity 
and a quicker return to function than do osteotomy ap¬ 
proaches. 


Dorsomedial Approach to the Tarsus 

Exfen d the h ock and palpate th e do rsal parti on of the medial 

f dge. Mote a skin incision storting proximal to ifa 


trochlear 

trochlear ridge and extending distally over the trochlear ridge. 
Incise the subcutaneous tissues along the some line, identify 
the tendon of the tibialis cranialis muscle 


the saphenous 


in, and the dorsal 


ti¬ 


the cranial tibial artery and vein , 


nerve, 

branches of the saphenous artery and vein and retract fteji 


o. 


laterally Incise the deep fascia and joint capsule along ik 
idline of the palpable portion of the medial trochlear ridge. 
Extend the incision proximolly into the periosteum of the ■ 
tibia (Fig. 35 - 124 , AJ. Visualize the cranial and distal port of I 
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FIG 35-114 


I to th 


A, For a dorsomedia! approach to the hock, moke a skin incision starting proximo 
trochlear ridge and extending distally over it. Incise the subcutaneous tissues along the 
same line. Identify the tendon of the tibialis cranialis muscle, the saphenous nerve, the 
cranial tibial artery and vein, and the dorsal branches of the saphenous artery 

nd retract them laterally. Incise the deep fascia and 
palpable portion of the medial trochlear ridge. Extend the incision proximally into the 
periosteum of the distal tibia. B r For a plantaromedial approach to the hock, incise the skin 
and subcutaneous tissues caudal to the medial malleolus over the trochlear ridge. Identify 
the tendon of the tong digital flexor muscle and the distal attachment of the caudal tibial 
tendon and retract them cranially. Identify the tendon of the flexor hallucis longus muscle 
the tibial nerve, the plantar branches of the medial saphenous vein and saphenous artery, 
and the superficial plantar metatarsal vein and retract them laterally. Incise the deep fascia 
nd joint capsule longitudinally along the midline of the palpable portion of the medial 




vein 


the mid line of the 


a 


a 


trochlear ridge. 


Plantaromedial Approach to the Tarsus 

Flex the hock and palpate the proximal or plantar aspect of 
the medial trochlear ridge. Incise the skin and subcutaneous 
tissues caudal to the medial malleolus over the trochlear 
ridge . identify the tendon of the long digital flexor muscle 
and the distal attachment of the caudal tibial tendon and 


the medial trochlear ridge . Extend the hock to increase the 

amount of visible trochlear ridge. Identify and remove the car 

triage flop. Curette the edges of the lesion and flush the joint . 

Close the wound by suturing the fascia and joint capsule with 

simple interrupted pattern. Suture the 


absorbable suture in a 
subcutaneous f/ssues and skin in separate layers, 
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idge (Fig. 35’124, B j. Identify and remove 

flap , Flex the hock to increase the amount of medial trochlear 

ridge visible. Curette the edges of the lesion and flush the 
joint. Close the wound by suturing the fascia and joint cap * 
sale with absorbable suture in a simple interrupted pattern 
Suture /he subcutaneous tissues and skin in separate layers, 


retract them c rani ally. Identify the tendon of the flexor hallu¬ 
cis longus 


CO 


e 


r 


nerve f the plantar branches of 
the medial saphenous vein and saphenous artery, and the 
superficial plantar metatarsal vein and retract them laterally. 
Incise the deep fascia and joint capsule longitudinally along 
the midline of the palpable portion of the medial trochlear 
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FIG 35-135 

A, For a dorsolateral approach to the hock, make a skin incision starting proximal to the 
trochlear ridge and extending distal!/ over it. Incise the subcutaneous tissues along the 
some line. Identify the tendons of the long digital extensor,, cranial tibial, and extensor 
hallucis longus muscles, the dorsal branch of the lateral saphenous vein, and the superficial 
peroneal nerve and retract them medially. Identify the tendons of the peroneus longus, 
lateral digital extensor, and peroneus brevis muscles and retract them in a plantar 
direction. Incise the deep fascia and joint capsule longitudinally along the midline of the 

lateral trochlear ridge, B, For a plantarolateral approach to the 
starting proximal to the trochlear ridge and extending distally 
over the trochlear ridge. Incise the subcutaneous tissues along the 
retract the tendons of the peroneus brevis, lateral digital extensor, and peroneus longus 
muscles dorsally. Retract the tendon of the flexor hallucis longus En a medial direction. 

Incise the deep fascia and joint capsule longitudinally along the midline of the palpable 
portion of the trochlear ridge. 
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Dorsolateral Approach to the Tarsus 

Extend the hock an d pal pa te th e cran ia I po rtion of the la te ra / 

fro cWe or ridge. Make a skin incision starting proximal to the 

trochlear ridge and extending distally over the trochlear 
ridge. Incise the subcutaneous tissues along the same line. 
Identify the tendons of the long digital extensor muscle , the 
cranial tibial muscle , and the extensor hallucis long us mus- 
c/e, os well as the dorsal branch of the lateral saphenous 
vein and the superficial peroneal nerve, and retract them 
medially Identify the tendons of the peroneus tang us, lateral 
digital extensor, and peroneus brevis muscles and retract 
f/iem in a plantar direction. Incise the deep fascia and joint 
capsule longitudinally along the midline of the palpable por¬ 
tion of the lateral trochlear ridge (Fig. 35-125 f A). Visualize 
the cranial and distal part of the lateral trochlear ridge. Ex¬ 
tend the hock to increase the amount of trochlear ridge visi¬ 
ble. Identify and 

or the lesion and flush the joint Close the wound by suturing 
the fascia ond joint capsule with absorbable suture in a sim¬ 
ple interrupted pattern. Suture the subcutaneous tissues and 
sfoVi in separate layers. 

Plantarolateral Approach to the Tarsus 

Flex rfie Zioci: and palpate the proximal aspect of the lateral 
trochlear ridge ■ Incise the skin and subcutaneous tissues plan¬ 
tar to the lateral malleolus over the trochlear ridge. Retract the 
tendons of the peroneus brevis muscle, the lateral digital 
tensor muscle, and the peroneus longus muscle dor sally. It is 

difficult to retract the tendons of the peroneus brevis / lateral 
digital extensor, and peroneus longus muscles very far because 
they ore firmly embedded in deep fascia over the lateral malle¬ 
olus, Retract the plantar branch of the lateral saphenous vein 

and a branch of the caudal cutaneous sural nerve in a plantar 
direction, and the tendon of the flexor hallucis longus in a me¬ 
dial direction. Incise the deep fascia and joint capsule longitu¬ 
dinally along the midline of the palpable portion of the lateral 

trochlear ridge (Fig. 35-125, Bj, Identify and remove the car¬ 
tilage flap Flex the hock to increase the amount of lateral 
trochlear ridge visible. Curette the edges of the lesion and flush 
fhe joint. Close the wound by suturing the fascia and joint cap¬ 
sule with absorbable suture in a simple interrupted pattern l Su¬ 
ture the subcutaneous tissues and skin in separate layers. 


Those treated surgically may have improved limb function, 
but lameness may be evident after exercise. DID usually is 
present even after surgery and requires medical treatment 
(see above); however, most dogs are functional pets and are 
lame only intermittently. In rare cases infection of the surgi¬ 
cal site may occur after surgery. 


NOTE * Advise owners that surgical treatment 
does not appear to alter the progression of DjD, and 
affected dogs may require medical therapy after 
surgery. 


Suggested reading 


Cook JL el al: Arthroscopic removal and curettage of osteochon¬ 
drosis lesions on the lateral and medial trochlear ridges of the 

talus o f two do gs, f Am Anim Hasp Assoc 3 7: 75, 200 l. 

Fitch RB, Beale BS: Osteochondrosis of the canine tibiotarsa! joint, 
Vet Clin North Am 28:95, J 998, 


the cartilage flap . Curette the edges 


remove 


Selected ab stracts of recent manuscri pts 

Anderson CC, Tomlinson JL, Daly WR, Carson WL, Payne 
JT, Wagner-Mann CC, Biomechanical evaluation of a 
crimp damp system for loop fixation of monofilament ny¬ 
lon leader material used for stabilization of the canine sti¬ 
fle joint. Vet Surg 27;533> 1998, The efficacy of the crimp 
damp system of securing a loop of monofilament nylon 
leader material was compared to knotted loops during 
single-load and cyclic tests. Crimp damped loops had sig¬ 
nificantly higher initial loop tension, greater load to failure, 
and less loop elongation than knotted loops. The crimp 
damp system has the potential for eliminating knot irrita¬ 
tion and providing surgeons more consistent initial loop 
tensions, less loop elongation, and higher load to failure 
characteristics than knotted monofilament leader material 
for clinical stabilization of the cruciate-deficient stifle. 

Benton HP, Vasseur PB, Broderick-Villa GA, Koolpc M. Ef¬ 
fect of car profen on sul fated glycosaminoglycan metabo¬ 
lism, protein synthesis, and prostaglandin release by cul¬ 
tured osteoarthritic canine chondrocytes. Am / Vet Res 
58:286, 1997. At concentrations of 1 and 10 pg/ml, carpro- 
fen stimulated a significant increase in the rate of glv- 
cosarninoglycan synthesis from canine explant cartilage or 
monolayer canine chondrocyte cultures from arthritic 
femoral heads with no change in total protein synthesis, pat¬ 
tern of new protein synthesis, or cell viability. However, at 
concentrations of 20 pg/ml or higher, glygosaminoglycan 
synthesis and protein synthesis were inhibited. Inhibition of 
prostaglandin release was also observed. 

Budsberg SC, Johnston SA, Schwarz PD, DeCamp CE, 
Claxton R, Efficacy of etodolac for the treatment of os¬ 
teoarthritis of the hip joints in dogs. / Am Vet Med Assoc 
214:206,1999. One hundred dogs presenting with lameness 
caused by osteoarthritis of the hip were randomly assigned 
to one of three groups treated with placebo, low-dose 
etodolac (135 mg), or high-dose etodolac (450 mg) for 


ox- 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Oschner forceps are helpful in grasping the cartilage fragment. 

A bene curette is needed to curette the edges of the lesion. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


The limb should be bandaged after surgery for 3 to 5 days to 
provide soft tissue support. The animal should he confined 
to leash walks only for 4 to 6 weeks. 


PROGNOSIS 


Dogs treated conservatively for OCD of the bock usually 
have continued intermittent lameness and progressive DJD. 
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8 d ays. P rog res s was doc u men ted w i th fo rce p late ga i t a n aly- 
sis before and after 8 days of treatment. Dogs treated with 
eto doiac i m p rove d significantly comp a re d wit h b a sell ne val - 
ues and with the control group. Vertical impulse values for 

with high-dose etodolac were significantly 
higher t h a n th os e fo r dogs I re a t e d w ilh 1 o w - d os e etodolac at 
8 days. Etodolac was well tolerated and had minimal adverse 
effects over the 8-day period. 

Canapp SO, McLaughlin RM, Hoskinson JJ, Roush JK, 
Butine MD. Scintigraphic evaluation of dogs with acute 
synovitis after treatment with glucosamine hydrochloride 
and chondroitin sulfate. Am f Vet Res 60:1552,1999. Orally 
administered glucosamine hydrochloride and chondroitin 
sulfate administered to dogs 21 days before chemically in¬ 
duced synovitis had a protective effect against the synovitis 
and associated bone remodeling and reduced associated 
lameness. 


arthrodesis (2), amputation (I), and euthanasia (2), and 
1 dog was lost to follow-up. All 8 dogs treated with antimi¬ 
crobial drugs and joint lavage improved. 

m 

Morris E, Lipowitz AJ. Comparison of tibial plateau angles 
in dogs with and without cranial cruciate ligament in¬ 
juries. } Am Vet Med Assoc 218:363, 2001. Tibial plateau an¬ 
gles for 56 stifles in dogs with cranial cruciate ligament nip- 

we re c o m pa red to tibial plateau angles in 14 u m ffected 
stifles in dogs with cranial cruciate ligament rupture and 
60 stifles in dogs without cranial cruciate ligament rupture. 
The mean tibial plateau angle was significantly greater in sti¬ 
fles with cranial cruciate ligament injury (23,76 degrees) and 
in unaffected stifles in dogs with cranial cruciate ligament 
injury (24.71 degrees) than in stifles in dogs without cranial 
cruciate ligament rupture (18.1 degrees). 

Oakes MG, Lewis DD, Elkins AD, Hosgood G, Dial $M, 
Oliver J. Evaluation of shelf arthroplasty as a treatment for 
hip dysplasia in dogs. / Am Vet Med Assoc 208:1838,1996, 

O r to 1 o n i s s i gn, i ndi cat i ve of 
joint laxity, were treated unilaterally with a shelf arthroplasty 
with bio compatible osteoconductive polymer and on the 
contralateral side with a sham operation. There were no 
changes throughout the study in coxo fern oral joint mobility, 
range of motion, joint laxity, degree of degenerative joint 
disease, or thigh circumference between legs. More bone 
formed on the shelf arthroplasty side, but the polymer im¬ 
plants were encased in fibrous tissue, and there was no his¬ 
tologic evidence of osteocond action, 

Rasmussen LM, Kramek, BA, i ipowitz AJ, Preoperative 
variables affecting long-term outcome of triple pelvic os¬ 
teotomy for treatment of naturally developing hip dyspla¬ 
sia in dogs. J Am Vet Med Assoc 213:80, 1998. Case data 
from 34 dogs treated with triple pelvic osteotomy was eval¬ 
uated to determine if age, hip joint laxity, or degree of pre¬ 
operative degenerative joint disease affected the long-term 
outcomes of clinical function and progression of degenera¬ 
tive joint disease. Degenerative joint disease progressed in 
40% of the dogs. Eighty-seven percent of the dogs received 
excellent or good physical examination scores, and 76% re- 
ce i ved goo d at- ho m e activit y sco res. P reo per at i ve an d l o ng ■ 
term degenerative joint disease were not associated. The risk 
of degenerative joint disease increased with increased ageai 
surgery, a narrower preoperative Norberg angle, and a lower 
percentage of femoral head coverage, but these variables 
we re not a ss o ci a t e d wi t h cli ni cal fund: ion. I 

Swainson SE, Conzemius MG, Reidesel EA, Smith GK, 
Riley CB. Effect of pubic symphyslodesis on pelvic devel¬ 
opment in the skeletajly immature greyhound. Vet Sur$ 
29:178, 2000. Hip distraction indices; the pelvic inlet cir¬ 
cumference, area, and width; and the degree of acetabular 
vent rovers ion in four 4- month-old female greyhounds 
treated with pubic symphyslodesis were compared with sim¬ 
ilar measurements in four untreated 4-month-old female 
greyhounds. Measurements were made monthly until the 
dogs reacbed II momhs of age. Pubic symphysiodesis sig- 


dogs treated 


Innes JF, Bacon D, Lynch C, Pollard A, Long-term outcome 
of surgery for dogs with cranial cruciate ligament defi¬ 
ciency. VetRec 147:325,2000, The functional outcome of 26 
dogs treated surgically for cranial cruciate ligament rupture 
was assessed by owners (26 dogs) and by clinical examina¬ 
tion (20 dogs) at an 


Ten dog 


months (range, 40 to 60 


surgery and compared with similar data gath¬ 


ered at the time of surgery and data gathered 13 months af¬ 
ter surgery. The level of disability at 50 months was signifi¬ 
cantly less than initially, but there was no difference for the 
perceived effect of cold weather and the dog's ability to jump 
despite both measures being improved at 13 months after 
surgery Meniscal injury and age appeared to be associated 
with a poorer lo ng-term outcome. 


MacPhail CM, Lappiax MR, Meyer DJ, Smith SG, Webster 
CRL, Armstrong PJ. Hepatocellular toxicosis associated 
with administration of carprofen in 21 dogs .} Am Vet Med 
Assoc 212:1895, 1998* Twenty-one dogs were suspected of 
having carprofen-induced hepatocellular toxicosis. Thirteen 
of the dogs were Labrador retrievers. Clinical signs generally 
occurred within 5 to 30 days after drug administration and 
included inappetence, vomiting, and icterus. Associated bio¬ 
chemical changes included increased serum concentrations 
of hepatic enzymes and hyperbilirubinemia. Treatment con¬ 
sisted of discontinuing carprofen and symptomatic support. 
Four dogs died or were euthanized, and 17 dogs made a full 
recovery from the hepatocellular toxicosis. 

Marchevsky AM, Read RA, Bacterial septic arthritis in 
19 clogs. Ansf Vet J 77:233, 1999. Nineteen dogs were diag¬ 
nosed with bacterial septic arthritis, which occurred in 14 
dogs after stifle surgery and in 5 dogs by means of hematoge¬ 
nous spread of infection. Chronic lameness was lhe present¬ 
ing sign in 13 dogs, with acute onset of lameness occurring 
in 6 dogs. Joint fluid analysis consistently revealed a nonde¬ 
generate neutrophilia. Joint fluid culture frequently was suc¬ 
cessful. The hematogenous infections resolved after admin¬ 
istration of antimicrobial drugs. Postoperative infections 
were treated with antimicrobial drugs and joint lavage (8), 
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id 


nmamly reduced the hip distraction indices and the pelvic 
inlet circumference, area, and width and 
creased acetabular ventroversion. 


p iatn PM M A an d P MMA m ixed w i th u n t reate d and ste a m - 

sterilised cefazolin 
from other groups. There 

compressive strength and elongation. 


1 - 


significantly in¬ 


similar but significantly different 
was an inverse relationship be- 


Webman DL, Glmstead ML, Kowalski JJ. In vitro evalua¬ 
tion o t antibiotic elution from polymethylmethacrylate 
(PMMA) and mechanical assessment of antibiotic-PMMA 
composites. \et Surg 29:245,2000, Cefazolin or gentamicin, 

which bad been steam sterilized, gas sterilized, or nonsteril- 
ized, was added to 


i- 


Whitelock RG, Dyce ), Houlton JER Metacarpal fractures 
associated with 


i 


pancarpal arthrodesis in dogs. Vet Surg 
28:25, 1999. The outcome of pancarpal arthrodesis used to 
treat 54 dogs was documented to identify the prevalence of 
and predisposing factors for metacarpal bone fractures. 
Metacarpal fractures were identified 
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id 


id 


po I ym ethyimethacryla te to p repare 
pt>sitc.'t for antibiotic elution evaluation, compression, 
elongation taring. Sterilization and polymerization did not 
atkrt die ability of the antibiotic in the PMMA block to in¬ 
hibit bacterial growth. Bacterial growth was inhibited for 

7 to 10 dgys* Compressive strength of I 


e 


in 6 dogs. Screw diam- 
eter was not identified as a predisposing factor, The percent- 

age length of the metacarpal bone covered with lhe plate 

significantly longer in dogs without fractures (54% of the 

bone) than in dogs with fractures (46% of the bone). 
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CHAPTER 

Management of Muscle 

and Tendon Injury 

or Disease 


:' • 

v * 


GENERAL PRINCIPLES 
AND TECHNIQUES 




ends* Excessive scarring may impede muscle fiber regenera¬ 
tion and can interfere with muscle contraction. 


Btev ■ 




$ 




1 2 a 


wsm 


DIAGNOSIS 

Clinical Presentation 


MUSCLE CONTUSION AND STRAINS 


Signalment, Any age, breed, or sex of dog or cat may 
be affected; however, muscle contusion and strain are 
most commonly diagnosed in athletic dogs (e,g„ racing 
greyhounds, field trial dogs). They are rarely diagnosed in 
cats. 


DEFINITIONS 


A contusion is a bruise of the muscle with varying degrees 
of hemorrhage and fiber disruption, A strain is a longitudi¬ 
nal stretching or tearing of muscle fibers or groups of fibers. 
Contusions and strains result in disruption of the normal ar¬ 
chitecture of the muscle-tendon unit secondary to intersti¬ 
tial edema, hemorrhage, or overstretching. 


History. Contusion and strain injuries often occur dur¬ 
ing strenuous activity. The animal may be brought to a vet¬ 
erinarian for evaluation of a noticeable limp or a complete 
inability to bear weight. The trauma is often unobserved by 
the client. In cases with mild strains, owners may relate that 
the animal became reluctant to move 12 to 24 hours after 
strenuous exercise. 


SYNONYM 


Pulled muscle 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Physical Examination Findings 

Clinical signs depend on the severity and chronicity of in- I 
jury. With mild contusions the animal may exhibit minimal I 
lameness and the source of pain may be difficult to find on I 
examination. With more severe contusions, pain and I 
swelling are present. The majority of severe contusions oc- 
cur in conjunction with fractures and although the focus is • 

the fractured bone, the injury to the muscle also should ■ 

be evaluated during surgery. Severe muscle strains are rec- I 

ognized by swelling and pain of the affected muscle unit I 

(Fig, 36-1). Chronic muscle strains occasionally are recog- 1 

nized in dogs (e.g,, bicipital tenosynovitis, iliopsoas muscle 

injury), 


Muscle contusions are the result of external trauma. An ex¬ 
ternal blow causes disruption of fibril continuity, disruption 
of the vascular compartment, and subsequent hemorrhage 
into the interstitial space. Muscle strains are the result of 
overstretching or overuse. These injuries are not commonly 
recognized in animals but do occur. 

Muscles may span one or more joints and when con¬ 
tracted cause a specific joint movement to occur. For exam¬ 
ple, the bicep muscle originates from the supraglenoid 
tuberosity of the scapula and inserts onto the medial tuberos¬ 
ity of the radial head. Contraction causes extension of the 
shoulder joint and flexion of the elbow. An injured muscle 
can cause considerable pain during normal body motion. 
Muscle has the intrinsic ability to heal by regeneration of my¬ 
ofibrils if the sarcolemmal cells survive and the endomysial 
connective tissue sheath is not destroyed. With mild contu¬ 
sions and strains, the cells and endomysial sheath are not de¬ 
stroyed, and their preservation allows for complete healing. 
However, if the contusion is severe and causes extensive cell 
death and hemorrhage, which preclude muscle regeneration, 
healing occurs with fibrous interposition between the muscle 


Radiography 


Standard c ra n mean dal and medial-to-lateral radiographs 
are necessary to rule out bone injury. Acute injuries may 
show soft-tissue swelling. Ultrasonography may show inter¬ 
stitial fluid accumulation reflected by decreased echogenic¬ 
ity and loose architecture in the affected muscle. 


Laboratory Findings 

Consistent laboratory abnormalities arc not found. 
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Hemorrhage 


FIO 36-1 

Muscle fibril disruption and interstitial h 
disrupted fibe 


emorrhage. Blood accumulates between the 


rs. 


DIFFERENTIAL DIAGNOSIS 


SURGICAL TREATMENT 


Muscle contusions and strains must be differentiated from 


Surgical treatment is necessary only if interstitial fluid 
mulatton causes sufficient pressure to compromise blood 
How, a condition called compartment syndrome. 


accu- 


joint sprains, fractures, poly myopathies, 
ropathies. Physical examination often differentiates muscle 

injury from joint sprains. Gentle palpation of muscle contu¬ 
sions causes 


and polyarth- 


Preoperative Management 

Surgical intervention should be undertaken 
sible, The animal should be confined before 
vent further damage to the muscle. 


pain and identifies swelling* whereas the pain 
associated with sprains is elicited on manipulation of the in¬ 
volved joint. Arthrocentesis (see p. 1031) helps differentiate 
joint sprain or arthropathy from muscle injury. 


as soon as pos- 


MEDICAL MANAGEMENT 


Anesthesia 


The primary treatment for muscle contusions and strains is 
rest. Enforced rest with controlled activity is necessary for a 
minimum of 3 weeks. If the injury is recurrent or severe, 
longer periods of enforced rest may be necessary. If the 
deis not allowed to heal adequately, repeated injury is likely, 

With acute injuries, that is, those in the initial 24 hours, cold 
compresses can be applied to the affected muscle for 15 min¬ 
utes, three or four times a day. Tf the injury is more than 
24 hours old, topical heat application is recommended, hut 
care should be taken to ensure that the patient is not burned. 
Nonsteroidal antiinflammatory drugs (NSAIDs) 
ministered tor the initial 3 to 4 days, but restricted activity 
must be continued even if lameness and pain disapp 
a severe contusion is recognized during surgical stabilization 
of a fracture, decompression of the muscle compartment 
be achieved through incision of the epimysium (see p. 1160), 


Anesthetic considerations for animals with orthopedic dis¬ 


ease are given on p. 824. 


Surgical Anatomy 

Skeletal muscle is made of long, cylindrical fibers encased 
within connective tissue sheaths (Fig. 36-2), Each individual 
fiber is enclosed within a sheath called the endomysium. Each 
fiber bundle is also enclosed within a sheath (perimysium), 
as is the entire muscle (epimysium). The connective tissue 
sheaths house blood vessels and nerve fibers that 
tegrate muscle contraction of individual fibers. Muscles 


m us - 


1 


serve to m- 


can be ad- 


are 


attached to bone by cordlike tendons or fiat aponeuroses. 
The fascial 


ear. VVb en 


compartment overlying the muscle group ap¬ 
pears tight and congested with contusions, and the underly¬ 
ing muscle appears severely bruised and often protrudes 
from the incision through the fascial compartment. 


can 


NOTE * The cut ends of the tendon [or muscle) 
often refracted and will appear frayed. Tendon ends 
may retract within a tendon sheath and require lon¬ 
gitudinal incision to identify the severed ends 


are 


NOTE * Warn owners that the animal may feel like 
exercising before it should be allowed to, particu¬ 
larly if it has been given NSAIDs. 
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Orthopedics 


PROGNOSIS 


Myofibrils 


Return to normal function should be expected with most 
contusions and muscle strains; however, repeat injury is 
likely if adequate rest is not provided* 


Individual muscle fiber 


Suggested Reading __ 

Breur GJ> Blevins WE: Traumatic injury of the iliopsoas muscle in 
th ree dogs, J Am Ve t Med Assoc 212:77, 1998. 

Fitch RB, Montgomery RD T Jal'fe MH: Muscle injuries in dogs. 
Compendium Cant Educ Small Animal 19:947, 1997. 

Fiermattei DL, Flo GL: Handbook of small animat orthopedics and 
fracture treatment , cd 3, Philadelphia, 1997, WB Saunders. 
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MUSCLE-TENDON UNIT LACERATION 




I J 


DEFINITIONS 




11 


l 


Lacerations are tears within the muscle-tendon unit. 


Muscfe 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Epimysium 


Perimysium 


FIG 36-2 

Normal muscle anatomy. Note how the individual muscle 
fibrils combine to form muscle fibers. Groups of muscle fibers 
form fascicles, which are surrounded by the perimysium. 
Groups of Fascicles Form the muscle, which is covered by a 


Lacerations are usually the result of penetration of the 
muscle-tendon unit by a sharp object. These injuries most 
commonly involve the tendons near the carpometacarpal 
and tarsometatarsal joints, but they may involve muscle 
units in other parts of the body 


thin fascial layer (epimysium), 


DIAGNOSIS 

Clinical Presentation 

Signalment* Any age, breed, or sex of dog or cat 
affected. 

History. The animal usually has an open wound and a 
no j r-weig h t - bea ring lam en e s s. 

Physical Examination Findings 

After acute penetration of a muscle-ten don unit by a for¬ 
eign object, the animal often has a non-weight-bearing 
lameness* The extent of internal damage can be assessed 
only through visual exploration of the wound. Once the pa¬ 
tient has been stabilized, it should be anesthetized so that 
the wound can be explored. This usually needs to be done 
under a general anesthetic. Failure to explore the wound can 
result in lacerations being undiagnosed until the patient at¬ 
tempts to bear weight. The greater the time span from in¬ 
repair, the more difficult is the apposition of the sev¬ 
ered tendon ends. 

Dogs with chronic tendon lacerations present with lame¬ 
ness exacerbated with exercise. Dogs presenting with iso¬ 
lated deep digital flexor tendon laceration have characteris¬ 
tic hyperextension of one digit. 


Positioning 

The animal should be positioned so that the affected muscle 
group can be exposed. A generous area should be dipped 
and prepared for aseptic surgery to allow the incision to be 
extended beyond the boundaries of the affected muscle if 

n e cess a r v. 

i 


SURGICAL TECHNIQUE 


Make an incision through the skin and subcutaneous tissues 
overlying the muscle to be exposed. Once the muscle group 
is identified f make on incision through the fascia to decom¬ 
press the muscle compartment. Suture subcutaneous tissues 
and skin using standard methods. 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Self-retaining retractors are useful for retracting soft tissues 
from the area of interest. 


POSTOPERATIVE CARE 
AND ASSESSMENT 




Radiography 


fhe wound should be monitored for swelling and/or 
drainage for 7 to 10 days after surgery. Suture removal can be 
performed when the skin incision has healed. 


-to-lateral radiographs 


Standard craniocaudal and medial 
should be taken to determine whether foreign bodies are 
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present and whether there are concurrent fractures. Mild 
welling may be present in the area of chronic tendon lacer¬ 
ations, Ultrasonography is helpful in localizing the site of in¬ 
jury in the tendon but may not differentiate partial from 
complete ten do n rupt u re. 

Laboratory Findings 

Consistent laboratory abnormalities are not present. 
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DIFFERENTIAL DIAGNOSIS 


Muscle-tendon lacerations must be differentiated from 
perfidal lacerations and muscle strain (see p. 1158). 
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MEDICAL MANAGEMENT 


! 


\ 


Lacerations that involve a tendon should he managed with 
surgery; medical management is not indicated. 






n 


PIG 36-3 

Repair of muscle laceration with oppositional sutures 
supported by tension stent sutures. 


SURGICAL TREATMENT 


lacerations of the muscle require apposkional sutures 
ported with deeper stent sutures. If the laceration has 
curred through the tendon, delicate manipulation and appo¬ 
rtion with small-diameter suture are recommended. 


sup- 


oc- 


Tendon Laceration 

Delicately manipulate and debride the tendon ends. With 
small tendon$ / use small-diameter, nonabsorbable mate¬ 
rial placed in a series as interrupted vertical mattress 
ate sutures. For larger tendons , select the largest suture diam¬ 
eter that will readily pass through the tendon atraumatically. 

A locking-loop suture pattern is recommended (Fig. 


Preoperative Management 

The wound should be cleaned and a sterile bandage applied 

until definitive treatment is performed. Exercise should be 
restricted before surgery. 

Anesthesia 

Anesthetic management of animals with orthopedic disease 

is given on p. 824. 

Surgical Anatomy 

Tendons are longitudinally oriented bundles of collagen 
libers that are surrounded by loose connective tissue sheaths. 
Blood vessels and nerves also reside within the tendon 
sheaths. The entire tendon is surrounded by the ept tenon, 
which is enveloped by an outer connective tissue sheath 
called the para tenon. Tendons crossing joint surfaces are of¬ 
ten encased in a tendon sheath to facilitate movement dur¬ 
ing joint motion. 

Positioning 

E he animal should be positioned so that the tendon and 
muscle can be I Lilly exposed, A generous area should be 
clipped and prepared for aseptic surgery to allow the inci¬ 
sion to be extended above and below the injury if necessary, 

SURGICAL TECHNIQUE 

Muscle Laceration 

Thoroughly debride the wound edges to fresh , bleeding 

cle tissue (Fig. 36-3}. Debnde carefully to avoid excess 

moval of tissue, which will moke apposition of the severed 

ends difficult. Place interrupted sutures in the outer muscle 

sheath around the circumference of the muscle . Support the 

oppositional sutures with heavy stent sutures placed in a cru¬ 
ciate pattern . 


or crucr 


36-4). 


Place each loop of the pattern in a slightly different plane 
(ia near-far, middle-middle, and far-near pattern). Alter 
natively, use a three-loop pulley ■ Bunnell-Mayer, or far- 

near-far suture pattern . Using adjoining fascia to support th 
tendon oppositional sutures, 


near. 


e 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Nonabsorbable or absorbable suture material may be used to 
repair muscle, provided the material maintains its mechani¬ 
cal strength lor 3 to 4 weeks. Nonabsorbable suture material 
is recommended tor tendon repair. Swaged-on needles are 
helpful in limiting tissue trauma during suturing. Self- 
retaining retractors are useful for holding surrounding tis¬ 
sues away from the working area. 


HEALING OF TENDONS AND MUSCLES 


Healing oi tendons follows a pattern similar to that for other 
connective tissues. The inflammatory phase is characterized 
initially by presence of neutrophils and later by presence of 
mononuclear cells. T he tendon injury is rarely isolated but 
ists in a zone with other wounded tissue. Unsuccessful at¬ 
tempts to isolate tendon healing from surrounding tissue have 
led to the concept of one wound, one scar. This implies that 
successful healing is dependent on activation of undifferenti¬ 
ated mesenchymal cells, which migrate into the wound. 


mus- 
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§iG 36-4 

Suture patterns used to appose tendon ends. 


MUSCLE-TENDON UNIT RUPTURE 


Mesenchymal cells produce the collagen and matrix that lend 
strength to ihe entire wound. The resultant scar unites the 
tendon ends* which remodel with collagen fibers oriented 
parallel lo lines of stress. Strength is regained through the 
one-wound, one-scar principle, but function is regained 
through active and passive use of the limb postoperative!^ 






DEFINITIONS 






Rupture of the muscle-tendon unit is a complete or partial 
loss of integrity of the muscle-tendon unit caused by ex¬ 
treme overstretching. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


SYNONYM 




After tendon repair, the limb should be immobilized for 3 
weeks by use of rigid external coaptation with the joint po¬ 
sitioned to release stress on the repaired tendon (see p. 822)♦ 
When the splint is removed, the limb should be semirigidly 
immobilized for an additional 3 weeks with a heavy padded 
bandage or a half cast (he. one side of a split cast applied 
cranially or caudaliy to the limb). Activity should be limited 
to leash walks. Physical therapy (passive flexion and exten¬ 
sion of the limb) should be done for an additional 4 weeks 
once the bandage has been removed. Then the animal 
should be gradually returned to normal activity. Premature 
weight bearing will result in failure of tendon healing. 


Torn muscle 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 






Muscle ruptures are the result of a powerful contraction oc¬ 
curring during forced hyperextension of the muscle-tendon 
unit. This type of injury is seen most often in sporting breeds 
of dogs and performance athletes such as racing 
The injury most commonly encountered is partial or complete 
rupture of the Achilles tendon. Injury of the Achilles mecha¬ 
nism may arise from an acute traumatic episode or from 
chronic progressive stretching of the tendon. Acute injuries are 
often secondary to a fall or a penetrating wound. Conversely, 
chronic injuries are often secondary to overuse that causes 
chronic stretching and deterioration of the tendon. Chronic 
injuries more commonly occur in sporting breeds (e.g., field 
trial dogs, bird hunting dogs) and are often bilateral. 


greyhounds. 






PROGNOSIS 


Return to normal function is expected if postoperative rec¬ 
ommendations are followed. Failure generally is associated 
with the animal's being allowed to exercise 


tendon healing. 


DIAGNOSIS 

Clinical Presentation 

Signalmen?, Any age, breed, or sex of dog or cat maybe 
affected. Athletic dogs are most commonly affected 
History, Affected animals usually exhibit a 
bearing lameness after strenuous activity. 


Suggested Beg din 


animal orthopedics and 


Piermattei DL, Flo GL: Handbook of small 

fracture treatment , ed 3, Philadelphia, 1997, WB Saunders. 
Williams N r Payne JT, Tomlinson Jl, Constantine sen GM: Deep 
digital flexor tendon injuries in dogs, Compend Con t Educ Small 


i 
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Animal 19:853, 1997. 
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Physical Examination Finding 

Tarsal hyperflexion is often noted in animals affected with 
Achilles tendon rupture. If the injury 

traumatic episode, the animal is unable to bear weight, and 
flaccid i tv of the Achilles tendon is noted on passive dorsal flex¬ 
ion of the tarsus when the stifle is extended. If the injury is sec¬ 
ondary to a chronic stretching of the Achilles tendon, the pa¬ 
tient will he weight bearing but will walk plantigrade because 
of hyperflexion of the tarsus. Patients with chronic Achilles 
tendon injuries show varying degrees of tarsal hyperflexion, 
depending on the length of time the injury has been present. If 
the entire tendon complex is involved, the tarsus and digits hy- 
perflex; if the tendon of the superficial flexor muscle 
volved, the tarsus will hyperflex and the digits will flex. Postural 
changes associated with a palpable swelling of the Achilles 
don confirm the diagnosis. Occasionally the injury occurs at 
the myotendinous juncture. Postural changes and careful pal¬ 
pation of the muscle-tendon unit confirm the diagnosis. 


s 


des, and a common tendon from the semitendinosus 
cle, gracilis muscle, and biceps femoris muscle. The 
tendon of the gastrocnemius muscle is the major component 
ol the Achilles tendon. With acute injuries it is possible to 
identify each component ol the Achilles complex and suture 
each individually However, with chronic injuries the tendon 
ends retract, leaving a void to be filled with fibrous tissue. 
Identification of each component is not possible. The com¬ 
plex (fibrous scar and Achilles tendon) 


m us - 


common 


is secondary to an acute 


is treated as a single 


structure. 

Positioning 

Position the patient 

preparation facilitates manipulation of the limb during 

gery. For Achilles tendon injuries, dip and prepare the limb 

for surgery from proximal to the stifle joint to the phakuig 
di st ally 


is not in- 


in lateral recumbency A hanging-leg 

sur- 


es 


SURGICAL TECHNIQUE 


Radiography 


Achilles Tendon Rupture 

Make an incision over the site of injury on the caudolaterol 

surface of the limb. If the injury is acute, identify the three 

tendons composing the Achilles complex and suture each 

tendon separately with an interrupted far near, near-far pah 
tern ( 

(3-0 to 4-0 , depending the animal's size) monofilament 
ture. I f th 


Ultrasonography is helpful in determining the location of ten¬ 
don fiber disruption, but may not differentiate between partial 
and complete tears. Standard cranio caudal and medial-to - 
lateral radiographs are indicated to determine the 
absence of bone avulsion from the tuber calcaneus. 




presence or 


Fig. 36-4) using nonabsorbable, small-diameter 


Laboratory Findings 

Consistent laboratory abnormalities are not found. 


su- 


injury is chronic, identification of individual ten¬ 
don units is not possible; continue surgical dissection to ex¬ 
pose the circumference of the thickened fibrous bandl Then,, 
sequentially remove sections of scar tissue from the center of 
the mass . Remove enough tissue so that tension is present in 
the Achilles complex when the stifle joint is in a normal 
standing position and the tarsus is slightly extended. Be 


DIFFERENTIAL DIAGNOSIS 


Sciatic nerve injury and congenital tarsal hyperflexion 

be differentiated from tendon rupture. Gentle palpation of 

the muscle-tendon unit reveals loss of continuity and/or 

area of swelling with tendon rupture, whereas patients with 

congenital tarsal hyperflexion lack these findings. When 
n erve 


must 


an 


core- 

too much of the proliferative fibrous tissue. 


ful to not 


remove 


injury is present, neurological examination will show 
sciatic reflexes to be absent or decreased. 


II excess fibrous tissue is excised, apposition of the cut 
ends will be difficult. 


MEDICAL MANAGEMENT 


Suture the cut ends with a three-loop pulley pattern (see Fin 

36-4) 


Surgical repair 


of completely ruptured tendons should be 
performed; medical management is not indicated. With par- 

rial ruptures, external coaptation may be tried, but the re¬ 
sults are usually unsatisfactory. 


maintain opposition with tendon plating . For ten¬ 
don plating, appose the cut ends of the tendon with nonab¬ 
sorbable monofilament suture . Use 3-0 suture for small dogs 

and cats, 2-0 for medium-sized dogs, and 0 for large dogs. 
Support the anastomosis by placing a small bone plate ad¬ 
jacent to the tendon (Fig, 36-5). Place interrupted 
through the plate holes into the body of the tendon. Use 

large-diameter, nonabsorbable monofilament suture. 


or 


SURGICAL TREATMENT 

Preoperative Management 

Activity should be limited until definitive treatment is begun. 
If aii open wound is present (e.g., laceration of the Achilles ten¬ 
don), it should be cleaned and covered with a sterile dressing. 

Anesthesia 

Anesthetic management of animals with orthopedic disease 
is discussed on p. 824. 

Surgical Anatomy 

The Achilles tendon unit is composed of tendons arising 
from the gastrocnemius and superficial digital flexor 


sutures 


Achilles Tendon Avulsion 


Achilles tendon avulsion from the calcaneus is treated by 

luring the tendon as described earlier and securing it to the 
calcaneus by 


su- 


passing the suture through holes drilled 
through the proximal calcaneus. 

Whether the injury is acute or chronic and involves 


rup¬ 
ture or avulsion of the tendon, support of the tendon anasto¬ 
mosis is critical lor a favorable outcome. Support is provided 
by immobilization of the tarsal joint in slight extension. 


m u s - 
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deHcen J] et all Modified tramarlicular external skeletal fixation 
for support of achfiles tenorrhaphy in tour dogs, Vet Comp Or¬ 
tho Tmumatol 8:32, 1995* 

Rivers BJ, Walter PA, Kramek Ek Wallace L: Sonographic findings in 
canine common calcaneal tendon injury, Vet Comp Orthop 
Tramatol 10:45, 1997. 


Small bone 


plate 


Appositional 

sutures 


MUSCLE CONTRACTURE AND FIBROSIS 




DEFINITIONS 


Muscle contracture or fibrosis may occur when there is re¬ 
placement of normal muscle-tendon unit architecture with 
fibrous tissue resulting in functional shortening of the mus¬ 
cle or tendon* This shortening may cause abnormal motion 
in adjacent joints* Myopathy is another term used to de¬ 
scribe fibrosis of a muscle. 


Tendon plating 


FIG 36-5 

Tendon anastomosis supported with a small bone plate. The 
plate serves to neutralize forces acting on the anastomosis. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Muscle contracture is most commonly recognized in the in¬ 
fraspinatus and quadriceps muscle-tendon units and un¬ 
commonly in the gracilis and Semite n d i n os i s muscles. 
Quadriceps muscle contracture occurs most commonly after 
distal femoral fractures in young dogs; however, congenital 
contracture of the quadriceps muscle has been reported* In¬ 
adequate fracture stabilization, excessive tissue trauma dur¬ 
ing surgery, or prolonged limb immobilization with the sti¬ 
fle in extension may singly, or in combination, contribute to 
quadriceps contracture* joint stiffness develops as a result of 
fibrous adhesions between the quadriceps and fracture cal¬ 
lus. With time, adhesions form between the joint capsule 
and distal femur, limiting It mb use and causing the quadri¬ 
ceps muscle to atrophy. The cause of congenital quadriceps 
co n t rac t u re a ti d why c o n t ract u re o cc u rs m ost co m monly in 

s is unknown. 


Place a raised, threaded tram fixation pin threaded through 
the free end of the calcaneus into the distal tibia , Cut through 
the pin shaft to leave the pin just below the skin surface * 
Provide additional support with o fiberglass cast ; A/ferna- 
tively, immobilize the hock in slight extension by placing trans- 
fixation pins through the distal tibial diaphysis and the calca¬ 
neus, connecting them with bilateral external fixator bars. 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Nonabsorbable suture material Is recommended for tendon 
repair. Swaged-on needles are helpful in limiting tissue 

trauma during suturing. Self-retaining retractors are useful 
for holding surrounding tissues away from the working area* 
An air-driven or battery-operated drill is useful if a bone 
screw or transfixation pin is to be inserted. 


young 

Infraspinatus muscle contracture occurs most often in 
hunting dogs after irreversible muscle fiber injury. The cause 
is unknown, but it appears to be a primary muscle disorder 
rather than secondary to neurologic or immune-mediated 
causes* Histological findings such as degeneration, atrophy, 
and fibroplasia within damaged areas of the muscle are com¬ 
patible with severe strain. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


The cast and transfixation pin, or external fixator are left in 
place for 3 to 6 weeks, after which both may be removed* The 
limb should then be supported i 
vent full dorsal flexion of the tarsus. Activity should be limited 
to leash walking tor 10 weeks. If tendon plating is performed, 
the plate should be removed 8 to 10 weeks after surgery. 


padded bandage to pre- 


Gracilis or semi tendinosis myopathy occurs most often 
in German shepherd dogs or Belgian shepherds. Again 
the cause is unknown, but is hypothesized eilher due to sin¬ 
gle episode or repetitive trauma, immune mediated, or sec¬ 
ondary to a neuropathy. The musculotendinous junction is 
consistently thickened and fibrotk* A fibrous band is asso¬ 
ciated with the caudolateral border of the gracilis muscle 


PROGNOSIS 


Prognosis for return to strenuous athletic activity is unlikely. 
However, most patients are able to resume normal pet activity* 


DIAGNOSIS 

Clinical Presentation 

Signalment* Any age, breed, or sex of dog may develop 
quadriceps muscle contracture; however, it most commonly 


Suggested Reading 


Aron DN, Robello GT: Use of sutures in repairing ligaments and 
tendons, Vfcr Med Report 3:88, 199L 
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m 36-6 

Dog with quadriceps muscle contracture. Note 
hyperextension of the femur. 


occurs in immature patients after distal femoral fracture. 
Contracture of the infraspinatus muscle usually occurs in 
young, adult, sporting breeds of dogs. Cats rarely develop 
quadriceps contracture, and infraspinatus muscle contrac¬ 
ture has not been reported in this species. Gracilis or semi¬ 
tendinosis myopathy occurs in young adult, male, German 
shepherd dogs or Belgian shepherds. 

History. Animals with quadriceps muscle contracture 
usually are seen for evaluation of lameness 3 to 5 weeks after 
having sustained femoral trauma. Frequently, internal re¬ 
duction and stabilization of a distal femoral fracture or ap¬ 
plication of an external splint for stabilization of a femora! 

fracture has been performed. Usually there is a history of 
acute lameness after strenuous activity in the 3 weeks before 
the evaluation for infraspinatus muscle contracture. Usually, 
there is a history of insidious onset of rear limb lameness 
characterized by an altered gait associated with gracilis or 
semi tendinosis myopathy. 

Physical Examination Findings 

The stille joint of animals with quadriceps muscle contrac¬ 
ture has a limited range of motion (Fig. 36-6). Initially the 
joint can be fully extended but can be flexed only 20 to 30 
degrees. Gradually; the amount of flexion decreases to less 
than 10 degrees. Contracture may be such that the stifle joint 
appears hyperextended. Cranial thigh muscles are generally 
atrophied and palpate as a thickened cord. 

Animals with infraspinatus muscle contracture initially 
have a weight-bearing forelimb lameness. Soft tissue swelling 
in the region of the shoulder joint may be noted. The lame¬ 
ness usually resolves and is absent for 3 to 4 weeks, but then 

i * 

mild lameness and a gait abnormality develop. The charac¬ 
teristic gait abnormality is secondary to progressive fibrosis 
and contracture of the infraspinatus muscle. As the muscle 
shortens from contracture, external rotation of the shoulder 
occurs, causing elbow abduction and outward rotation of 
the paw (Fig. 36-7), 

Dogs with gracilis or semi tendinosis myopathy present 
with a shortened stride, a rapid elastic medial rotation of the 


FIG 36-7 

Dog with infraspinatus muscle contracture. Note external 
rotation of the shoulder and interna! displacement of the 
elbow. 


paw, external rotation of the hock and internal rotation of 
the stifle during the mid- to kite-swing phase of the stride. 
The lameness is more pronounced at the trot. Affected mus¬ 
cles are palpable as a distinct taut band, and differentiated by 
the origin location. Some dogs are painful on muscle palpa¬ 
tion. Abduction of the hip and extension of the stifle and 


hock may be limited. 


Radiography 


Standard radiographs do not show abnormalities of the 
muscle-tendon unit but will help differentiate fracture or 
neoplasia as the cause of lameness. Sonography has been 
used to identify muscle contracture. 


Laboratory Findings 

Consistent laboratory abnormalities are not present. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of quadriceps contracture, infraspinatus mus¬ 
cle contracture, and gracilis or semi tendinosis myopathy 
usually can be made from historical and physical examina¬ 
tion findings. 


MEDICAL MANAGEMENT 


Medical or conservative (nonsurgicai) management is not 
effective with any of these conditions. 
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SURGICAL TREATMENT 


tribute to common calcaneal or athilles tendon, essentially 
crossing the hip and stifle joints, and inserting on the calca- 

The semitendinosis muscle originates on the tuber is¬ 
chium and follows a similar course, inserting on the medial 
portion of the tibia, continuing as crural fascia and inserting 
on the tuber calcus. The fib rot ic muscle can be palpated be¬ 
fore surgery. The affected muscle maybe fibrotic throughout 
its length, but more commonly, the distal mvotendinous 
junction of the gracilis muscle is thickened and fibrotic. A 
thick fibrous band associated with the proximal caudal bor¬ 
der of the gracilis may be observed. 

Positioning 

For quadriceps contracture, clip the limb from the dorsal 
midline to the tarsus and position the patient in lateral re¬ 
cumbency. A hanging-leg preparation facilitates manipula¬ 
tion of the limb during surgery. For infraspinatus muscle 
contracture, clip the shoulder from the dorsal mid line to the 
elbow and position the patient in lateral recumbency For 
gracilis or semi ten din os is myopathy, clip the rear limb from 
midline to tarsus and position 

bency. Again, use a hanging limb technique to facilitate limb 

manipulation. 


Treatment of quadriceps contracture is aimed at restoring 
limb function. Release of fibrous thickening and adhesions 
between the joint capsule and femur and between the 
quadriceps muscle and femur is necessary. If a functional 
range of motion is not achieved after adhesion release, 
lengthening of the quadriceps muscle-tendon unit is re¬ 
quired. Lengthening may be accomplished by a Z-plasty or 
release of the origin of each muscle. Recurrence of the con¬ 
tracture, with resultant loss of stifle joint motion, occurs if 
preventive rehabilitation measures 
gery. An effective method by which to maintain a functional 
range of motion in the stitle is to apply a transarticular fixa¬ 
tor postoperatively, which maintains passive flexion of the 
stifle joint but allows active or passive extension. Alterna¬ 
tively, if sufficient flexion is obtained at surgery, a 90/90 
bandage can be used (see p, 841). For infraspinatus contrac¬ 
ture, treatment is directed at releasing the fibrotic, my- 
otendinous infraspinatus muscle as it crosses the shoulder 
joint. The gait abnormalities observed with gracilis or semi- 
tendinosis myopathy can be temporarily reversed by resect¬ 
ing the affected muscles; however, the fibrotic band and sub¬ 
sequent lameness inevitably recur in 2 to 4 months. 


SURGICAL TECHNIQUE 

Quadriceps Contracture 


Preoperative Management 

These animals otherwise are generally healthy, and minimal 
preoperative care is necessary. 

Anesthesia 

See p. 824 for anesthetic management of animals with or¬ 
thopedic disease. 

Surgical Anatomy 

The quadriceps muscle-tendon unit is composed of the vas¬ 
tus medial is, vastus intermedins, rectus femor is, and vastus lat¬ 
eralis muscles. These muscles all atrophy in patients with 

quadriceps muscle contracture. Proximally, the rectus 
femoris muscle palpates as a thickened cord. At surgery, all 
four muscles of the quadriceps appear small and pale in 
color. In patients with distal femoral fractures, the atrophied 
muscles lie superficial to, and are intertwined with, prolifer¬ 
ative fibrous tissue. Normal range of motion in the stifle 
joint is from 180 degrees (full extension) to 30 degrees (full 

fl exion). 

The infraspinatus muscle-tendon unit is a cuff muscle of 
the shoulder joint. The muscle lies next to the scapula, just 
caudal to the spine. The tendon crosses the joint craniolater- 
ally to insert just distal to the greater tubercle of the proxi¬ 
mal humerus. At surgery the tendon appears thickened and, 
because of fibrinous tissue invasion, has an off-white color 
rather than the white, glistening appearance typical ol nor¬ 
mal tendons. The muscle is atrophied and appears pale rela¬ 
tive to normal, healthy muscle. 

The gracilis muscle originates on the pubic symphysis 
and inserts along the medial tibial crest but continues as 
crural fascia, finally joining with the semitendinosis to 


Expose the stifle joint and distal femur through a liberal cran¬ 
io fate ra / incision {$ee pp , I 1 id and 999 f respectively). Ele- 

adhesions between the quadriceps muscle 
group and femur with sharp dissection , Release adhesions 
between the fibrous joint capsule and femoral condyles. Lux * 
ate the patella medially and flex the joint to its full extent, if 
functional range of motion (greater than 40 degrees) h not 


vote and rel 


a 


achieved after releasing the adhesions , perform a quadri¬ 




ceps muscledendon-unit lengthening procedure, 

Z-plasty. Make a longitudinal incision through the ren¬ 
ter of the muscle-tendon unit beginning 8 to W 
to the patella. Extend the incision 
proximo/ to the patella. At the proximal extent of the longi¬ 
tudinal incision , make a transverse incision laterally through 
the muscle and fibrous tissue. At the distal extent of the len¬ 


to a point 3 cm 




gitudinal incision , make a transverse incision medially 
through the muscle and fibrous tissue . Flex the stifle and al* 
low fae cut edges of the longitudinal incision to slide on 
each other When a functional range of flexion is achieved,, 
place interrupted sutures across the longitudinal incision to 
maintain the desired length of the quadriceps muscle-ten¬ 
don unit fl 






Muscle release* Extend the lateral incision to expose 
the proximal femur : At the level ol the third trochanter, 
vote the quadriceps from the mediallateral f and caudal sur¬ 
faces of the femur. Incise through the origins of each muscle 
group to release the quadriceps and allow distal sliding of 
the muscle group. Release the vastus infermedius near to 
point of origin on the ilium. Close the surgical wound using 

standard methods. jH 


f 


; e/e* 


con- 
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Chapter 36 


PROGNOSIS 


Transartkular fixator. Insert a half pin just below the 
third trochanter of the femur using an end-threaded fra ns fix¬ 
ation pin and insert a full pin through the tibia 4 cm above 
foe tarsus using a centrally threaded transfixation pin , Max¬ 
imally flex the stifle joint and main fain th is position with 
heavy rubber band connecting the proximal and distal trans- 
fixofion pins* Fashion a bandage around the paw and con¬ 
nect it to the distal transfixation pin to maintain a functional 

angle of the to rs us* 

Infraspinatus Muscle Contracture 

Perform a cron iota feral approach to the shoulder joint. Iso¬ 
late foe circumference of the infraspinatus muscle with sharp 
dissection. Transect foe fibrotic muscle and any fibrous bands 
restricting movement of the joint , Once foe fibrous contrac¬ 
ture is incised , foe limb will assume a normal position, and 
normal range of motion of the shoulder will be possible. 

Gracilis or Semitendinosis Myopathy 

over the palpated fibrotic band * Ex¬ 
pose and isolate the entire muscle and tendon length with 
sharp dissection. Resect the entire effected muscle to in¬ 
crease affected joint range of motion. 


The prognosis after surgery for quadriceps muscle contrac¬ 
ture depends on the degree of degenerative joint changes 
present and on whether a functional range of motion is ob¬ 
tained at surgery. The prognosis is fair for functional limb 
use, but contracture may recur following surgery* A normal 
range of motion is seldom achieved, and most animals 
able to flex the stifle only 45 to 90 degrees. The prognosis for 
infraspinatus muscle contracture is excellent and return to 
preinjury function is expected after surgery* The prognosis 
for gracilis or semi tendinosis myopathy is poor with recur¬ 
rence of the fibrosis and restriction of the gait occurring 
within 4 months in most dogs* 


□ 


i 


Suggested Reading 




Fitch RB, Montgomery RD, Jafte Mil; Muscle injuries in dogs, 

Compendium Com Educ Small Animal 19:947, 1997. 

Lewis DD el ah Gracilis or semi tendinosis myopathy in 18 dogs, 


o 


I Am Anim Hosp Assoc 33:177, 1997, 


r 


Incise foe sfon directly 


Siems I! et al: Use of two-dimensional real-time ultrasonography 

sing contracture and strain of the infraspinatus mus¬ 
cle, / Am Vet Med Assoc 212:77* 1998* 


b 


Selected abstracts of recent manuscripts 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Breur GJ, Blevins WE: Traumatic injury of the iliopsoas 
muscle in three dogs, 7 Am Vet Med Assoc 210:1631,1997, A 

new differential diagnosis for acute and chronic pelvic limb 
pain is described in this case series of three dogs with iliopsoas 
mucle strain* Dogs were lame, painful on internal rotation and 
extension of the hip, and painful with rectal palpation of the 
pubic rim and ventral aspect of ihe ilium. Ultrasonography 
was instrumental in detecting abnormalities in the affected il¬ 
iopsoas muscles* Treatment consisted of rest and non¬ 
steroidal anti-inflammatory drugs* In one dog tenotomy of 
the iliopsoas muscle was necessary to provide pain relief* 

Lewis DD, Shelton GO, Piras A, Dee JF, et ah Gracilis or 
semitendinosus myopathy in 18 dogs, J Am Anim Hosp As¬ 
soc 33:177, 1997. A large case series of a relatively rarely oc¬ 
curring syndrome provides useful information concerning 
clinical presentation and response to treatment. Gracilis or 
semitendinosus myopathy occured in 18 large dogs, of which 
14 were German shepherd dogs or Belgian shepherds* A char¬ 
acteristic gait results from restriction of hip, sit tie, and hock 
mobility. Affected muscles were palpable. Medical therapy 
was not effective. Surgical excision of all or part ot the af¬ 
fected muscle resulted in immediate relief of symptoms, but 
invariably the fibrosis recurred. Repeat surgical procedures 
were not effective. The etiology has not been identified. 


Self-retaining retractors and a periosteal elevator assist tis¬ 
sue retraction and reflection. Instruments for placement of 
pins are necessary if a transarticular fixator is placed post- 
operatively. 


n- 


e- 


:/e 


ns 


tx- 


POSTOPERATIVE CARE 
AND ASSESSMENT 


* If 


iot 


After application of a transart icular fixator for quadriceps 
muscle contracture, the pin-to-skin interfaces must be 
cleaned daily (see p. 868)., Passive flexion and extension of 
the stifle joint and tarsus should begin as soon as lhe patient 
allows limb manipulation. Joint movement should be re¬ 
peated 20 to 30 times and at least 3 times daily; increased fre¬ 
queue)'of manipulation improves rehabilitation. The exter¬ 
nal fixator should be maintained for 3 to 5 weeks. After ii is 
removed, physical therapy should be continued tor an addi¬ 
tional 5 weeks. If a 90/90 bandage (see p, 841) is applied, it 
should be maintained for 3 weeks. After bandage removal, 
passive flexion and extension of the joint should be per¬ 
formed -as described above. Special postoperative care is not 
required after surgery for infraspinatus muscle contracture 
or gracilis or semitendinosis myopathy. These animals usu¬ 
ally begin to use the limb within a few days after surgery. 
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SURGICAL TREATMENT 


Eventually, remodeling of medullary canals occurs and cor¬ 
tical thickening remains as the only residual finding. 

Laboratory Findings 

Consistent laboratory abnormalities are not present. 


Surgical treatment of panosteitis is not indicated. 


PROGNOSIS 


The disease is self-limiting and most animals eventually have 
n o r mal fu n ct ion of a ffee ted limbs without e v ide n ce of pain. 
However, the disease may continue to affect different limbs, 
causing pain and lameness until the dog reaches maturity. 

Clinical signs rarely persist after maturity. 


DIFFERENTIAL DIAGNOSIS 


Panosteitis must be differentiated from other orthopedic dis¬ 
eases of large, immature dogs (Le,, osteochondritis dissecans, 
fragmented coronoid process, and ununited anconeal process 
in lore]imbs; and hip dysplasia and osteochondritis of rear 
limbs). Where radiographic evidence of panosteitis and other 
orthopedic diseases is present concurrently, panosteitis is 
usually assumed to be the cause of acute clinical signs. 


NOTE * Advise owners that panosteilis will proba¬ 
bly recur, but it usually resolves by the time the dog 

is 2 years of age. 


NOTE * Pan osteitis has the best prognosis of all 
"growing dog diseases." 


Suggested Reading 


Muir P Pub icing RR. Johnson KA: Panosteitis, Compendium Corn 
Educ Small Animal 18:29, 1996. 


MEDICAL TREATMENT 


The disease is self-limiting, so treatment should be to con¬ 
trol pain. Nonsteroidal antiinflammatory drugs (NSAIDs) 
(Table 37-1) are usually administered during acute episodes 
of lameness. Aspirin and Ascriptin (a combination of aspirin 
and Maalox) may be used because of their effectiveness, low 
price, availability, and minimal side effects (see Table 37-1). 
Gastric mucosal sensitivity to aspirin may cause vomiting, 
diarrhea, and/or melena. If these signs are noted, aspirin use 
should be discontinued to prevent gastric ulceration. As¬ 
criptin or buffered aspirin should be given after feeding to 
decrease the potential for adverse side effects, or carprofen 
or etodolac may be used (see Table 37-1). 


CRANIOMANDIBULAR OSTEOPATHY 


DEFINITIONS 


Craniomandibular osteopathy is a proliferative bone dis¬ 
ease of immature dogs involving the occipital bones, tym¬ 
panic bullae, and mandibular rami. 


SYNONYMS 


Ma n dibit la r pe r iasiit is, lia n s j a w 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


r , TABLE 37-1 


The cause of craniomandibular osteopathy is unknown. It is 
most often recognized in West Highland white terriers, cairn 
terriers, and Scottish terriers; there is speculation that these 
breeds are genetically predisposed to this condition. An au¬ 
tosomal recessive inheritance pattern may occur in West 
Highland white terriers. A link to canine distemper virus has 
been postulated but not supported by epidemiologic studies 

(Munjar et al 3 1998). 

Proliferation of new, coarse, trabecular bone occurs adja¬ 
cent to the mandibular rami, occipital bones, and tympanic 
bullae in affected animals. This new bone formation results 
in irregular enlargement of the mandibles and tympanic 
bullae. Existing lamellar bone is resorbed by osteoclasis and 
replaced with new bone that expands beyond the periosteal 
borders. Osteoclastic destruction of the original lamellar 
bone is accompanied by invasion of inflammatory cells (i,e„ 
neutrophils, lymphocytes, and plasma cells). Normal bone 
marrow is lost as it is replaced with a vascular fibrous 
stroma. This proliferative stage of the disease occurs when 
the dog is approximately 5 to 7 months old and is accompa¬ 
nied by intermittent fever, discomfort when eating, and pain 
when the mouth is forced open. Owners should be warned 


Antiinflammatory Drugs for Treatment of Panosteitis 


Aspirin* 

25 mg/kg (1 regular strength aspirin per 25 lbs of body 
weight; not to exceed 3 tablets PO, bid or tid) 


Buffered aspirin (Ascriptin*) 


25 mg/kg PO, bid or tid 


Phenylbutazone {Butaxolidin} 

15 mg/kg PO, bid or tid; dosage should not exceed 800 
mg/day 

Meclofenamic acid (Arquel) 

1.1 mg/kg PO sid after eating, for 5 days; then decrease 
dose 

Carprofen (RimadyJ) 

2.2 mg/kg PO, bid 

Etodolac (Etogesic) 

1 0-15 mg/kg PO, sid 


*Glve with food. 
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PROGNOSIS 


that multiple relapses may occur; However, hone prolifera¬ 
tion decreases as dogs reach maturity and physes dose. 

DIAGNOSIS 

Clinical Presentation 

Signalment. Al thoug h you ng West Hi ghland wh ite ter- 
hers, cairn terriers, or Scottish terriers are most commonly 
affected s this disease has been sporadically reported in other 
breeds. Clinical signs are usually first noted when the dog is 
3 to 8 months of age* Males and females are equally affected. 
There is no seasonal distribution* 

History* Owners often note that the animal is reluctant 
to eat, drools, and has trouble chewing food. Pain is often ev¬ 
ident when the mouth is opened. 

Physical Examination Findings 

Affected dogs present with bilaterally enlarged mandibles 
and tympanic bullae. In severe cases, fusion of these struc¬ 
tures may occur, preventing the jaws from being fully 
opened. Pain on opening of the mouth and intermittent 
fever (body te m p e rat u re re a d i ng of u p to 104° F for 3 to 4 
days) may also be observed. 


The prognosis is guarded until the extent of bone produc¬ 
tion is known (i.e., at maturity). Excessive bone production, 
leading to mandibular and tympanic bullae fusion, can re¬ 
strict mandibular motion sufficiently to prevent dogs from 
eating. These animals are often euthanized. 


NOTE # Warn owners that multiple relapses may 
occur until maturity. 


References 


Munjar TA, Austin CC> Rruer GJ: Comparison of risk factors for 

hypertrophic osteodystrophy, craiiioniandibular osteopathy and 
canine distemper virus infection, Vet Comp Orthop Trauma to! 

11 : 37 , 1998 . 

Watson AD}, Adams WM, Thomas CB: Craniomandihular os¬ 
teopathy in dogs, Compend Cont Educ Small Animal 17:911, 
1995. 


Radiography 


HYPERTROPHIC OSTEODYSTROPHY 


Skull radiographs reveal increased irregular bone density of 
the caudal mandibles (84% of cases), including the tym¬ 
panic bullae (51% of cases). Sometimes lesions are confined 
to the mandibles {33% of cases) and occasionally lesions are 
confined lo the base of the skull (13% of cases) (Watson et 
al, 1995). The calvarium may also be thickened* As dogs 
reach maturity, edges of the ncw r bone become smooth and 
affected areas shrink. 


DEFINITIONS 


Hypertrophic osteodystrophy is a disease that causes dis¬ 
ruption of metaphyseal trabeculae in long bones of young, 
rapidly growing dogs* 


SYNONYMS 


Skeletal scurvy ; canine scurvy, Moeller-Barlow disease , os¬ 
teodystrophy Types I and 17, hypovitaminosis C, metaphyseal 
os l eopa thy ; rn etaphyseal dysp lasia 


Laboratory Findings 

Specific laboratory abnormalities are not seen. Blood cul¬ 
tures are negative. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


DIFFERENTIAL DIAGNOSIS 


Craniomandihular osteopathy must be differentiated from 
infectious processes (i.e., abscesses or osteomyelitis) that 

may cause similar signs* 


The cause of hypertrophic osteodystrophy (HOD) is un¬ 
known. Proposed etiologic factors include vitamin C defi¬ 
ciency, oversupplementation of dietary calcium, and infec¬ 
tious organisms. A link to canine distemper virus has been 
postulated, but not supported by epidemiologic studies 
(Munjar et al, 1998), The pathogenesis is obscure, but an ap¬ 
parent disturbance of metaphyseal blood supply leads to 
changes in the phvsis and adjacent metaphyseal bone, result¬ 
ing in delayed ossification of the physeal hypertrophic zone. 
The acute phase of this disease lasts about 7 to 10 days. Af¬ 
fected animals show signs ranging from mild lameness to 
anorexia, pyrexia, lethargy, severe lameness, refusal to rise, 
and generalized weight loss. Clinical signs may wax and 

wane. 


MEDICAL MANAGEMENT 


Analgesics (see Table 37-1) should be given to control pain 
until the animal reaches maturity. Severely debilitated ani¬ 
mals that cannot open their mouths enough to eat solid 
foods require oral fluid nourishment* Although antibiotics 
and corticosteroids are often administered during febrile 
episodes, they will not alter disease progression. 


SURGICAL TREATMENT 


Surgical therapy is not indicated. Surgical resection ol bone 
bridging the mandible and tympanic bullae in dogs with 
severely restricted jaw motion has been unsuccessful; 
however, rostral mandibuiectomy may allow the dog to 
lap gruel. Affected dogs should not be used for breeding 

purposes. 


NOTE * These animals may be very ill and require 
intense supportive care. 
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Grossly, the metaphyseal regions of long bones 
widened with pen metaphyseal soft tissue swelling. A line oi 
separation of metaphyseal trabeculae is present parallel to 
the growth plate. Histologically, microfractures of the tra¬ 
beculae are evident and are surrounded by inflammatory 
cells and necrosis. Failure of bone deposition on the calcified 
cartilage lattice of metaphyseal bone is evident. 

DIAGNOSIS 

Clinical Presentation 

Signal merit. Ibis disease affects young, rapidly grow¬ 
ing, large-breed dogs, with males affected more often than 
females. Clinical signs are usually first noted at 3 to 4 months 
of age; however, they may occur as early as 2 months. Re¬ 
lapses may occur as late as 8 months of age. The highest in¬ 
cidence of admittance is in the fall. 

History. An acute onset of Lameness is often reported, 
and puppies may be so severely affected that they refuse to 
walk. Inappetence and lethargy are commonly reported by 
owners. A history of recent diarrhea may precede the onset 

o f lameness. 


Physical Examination Findings 

Findings on physical examination range from mild lameness 
to severe lameness affecting all four limbs. More severely af¬ 
fected animals are often unable to stand or walk. Long bone 
metaphyses are swollen, warm, and painful on palpation. 
Swelling is often present in all four Limbs; however, forelimb 
swelling may be more obvious, especially in distal radial nieta- 
physes. Severely affected dogs may be depressed, anorexic, and 
pyrexic (body temperature reading of up to 106° F), 


FIG 37-3 


Radiograph of the distal radius and ulna of a dog with 
hypertrophic osteodystrophy. There is a double physeal line 

at the growth plate of the distal radius (arrows). Similar 
changes are present on the distal ulna, (From Olmstead ML 

Small animal orthopedics , St Louis, 1995, Mosby.) 




Radiography 


PROGNOSIS 


Radiographs of affected long bones reveal an irregular radiolu- 
cent zone in the metaphysis, parallel and proximal to the ph- 
ysis, This gives the appearance of a double physeal line. Flaring 
of the metaphysis with increased bone density occurs due to 
periosteal proliferation. This reaction subsides with time but 
may leave a permanently widened metaphysis (Fig. 37-3). 


Most animals recover fully within 7 to 10 days of the onset 
of clinical signs; however, multiple relapses may occur. Oc¬ 
casionally, severe debilitation or multiple, severe relapses 
cause owners to request that affected animals be euthanized. 
Interference with normal physeal development may result in 
permanent deformity of long bones. 


Laboratory Findings 

Laboratory abnormalities are not usually found; however, 
hypocalcemia has been noted in a few affected dogs. The sig¬ 
nificance of this finding is unknown. Bacteremia was re¬ 
ported in one dog. 


NOTE * Warn owners that multiple relapses may 

occur. 


Reference 


DIFFERENTIAL DIAGNOSIS 


Munjar TA, Austin CC, Bruer GJ: Comparison of risk factors for 
hypertrophic osteodystrophy, craniomandibular osteopathy and 
canine distemper virus infection, Vet Comp Orthop Traumatd 


This condition should be differentiated from septic arthritis 
and panosteitis. 


11 : 37 , 1998 . 


Suggested Reading 


MEDICAL MANAGEMENT 


Analgesics should he administered to control pain (see fable 
37-1), Occasionally, severely debilitated animals require fluid 
support. Corticosteroids, antibiotics, and vitamin C have 
been administered but have not proven effective in shorten¬ 
ing the course or severity of this disease. Bacteremia should 
be ruled out before corticosteroids are administered. 


Bcllah JR; Hypertrophic osteodystrophy. 3n Bojrab MJ, editor: Dis¬ 
ease mechanisms in small animal mrgery, ed 2, Philadelphia, 1993, 
Lea & Febiger. 

Muir P, Dubielzig RR, Johnson KA: Hypertrophic osteodystrophy 
and calvarial hyperostosis, Compend Cant Educ Small AwW 
18:143, 1996. 
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Chapter 37 


Other Diseases of Bones and Joints 


BONE NEOPLASIA 


paranasal sinuses (10} s and pelvis (6) (Heyman et al, 1992), 
Because osteosarcoma is the most commonly diagnosed 
bone tumor, it is used as the model for evaluation, diagnosis, 
l re a t m ent, a nd progno s is o f bon e tu m o rs in th i s sec t i o n. Al-- 
though the workup needed to diagnose neoplasia is similar 
for all bone tumors, treatment and prognosis vary depend¬ 
ing on tumor type (see Tables 37-2 and 37-3). 

Extra skeletal osteosarcoma occurs rarely in spleen, mam¬ 
mary glands, gastrointestinal tract, lung> skin and other sites, 
without a primary bone lesion. This tumor generally occurs 
more often in smaller and older dogs. The tumor will metas¬ 
tasize, and the outcome is generally poor but may be im¬ 
proved with chemotherapy. 

Histologically, osteosarcoma is composed of anaplastic 
mesenchymal cells that produce osteoid. Histologic subgroups 
include osteoblastic, fibroblastic, osteoclastic, poorly differen¬ 
tiated, and telangiectatic osteosarcoma. An inflammatory 
component is often present in fracture-associated sarcoma 
(he., sarcomas that arise in the diaphysis of a long bone at the 
site of a previous fracture), reflecting altered healing patterns 
and chronic inflammation associated with these tumors. 


DEFINITIONS 


Primary bone neoplasia arises from cells located within the 
bone structure. Soft tissue tumors that spread to bone 
(metastatic bone tumors) may occur in either the appendic¬ 
ular skeleton {ie., long hones) or axial skeleton (skull, ver¬ 
tebrae, ribs, and pelvis). 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Primary tumors of bone include osteosarcoma, chondrosar¬ 
coma, fibrosarcoma, hem angiosarcoma, giant cell tumor, 
Iiposarco ma, periosteal osteosarcoma, periosteal fibrosar¬ 
coma, osteomas, multilobular osteoma, multilobular chon¬ 
droma, osteochondroma, and chondroma. The accurate di¬ 
agnosis of a primary bone tumor requires that an established 
protocol be followed (i.e., history taking, physical examina¬ 
tion, hematologic and serum biochemical evaluation, radi¬ 
ographic examination, and biopsy for histologic evaluation). 
Primary tumors of the appendicular skeleton most com¬ 
monly arise in the distal radial metaphysis, proximal 
humerus, proximal or distal femur, and proximal or 
distal tibia. Benign bone tumors (e.g., osteoma, ossifying fi¬ 
broma, multilobular osteomas and chondromas, osteochon¬ 
dromas, enchondromas, and chondromas) are generally 
slow growing. Depending on tumor accessibility, complete 
surgical excision of benign bone tumors is usually curative. 


DIAGNOSIS 

Clinical Presentation 

Signalment. Large- and giant-breed dogs have the 
greatest incidence of appendicular bone neoplasia. The me¬ 
dian age of dogs with osteosarcoma is 7 years (Straw, 1996). 
Males are more commonly affected than females. Primary 
bone tumors of the axial skeleton are most common in 
medium-size and large-breed dogs. The median age of af¬ 
fected animals is 8.7 years, and females are more often af¬ 
fected than males (Meyman et al, 1992). Osteosarcoma is the 
most common feline primary bone tumor, primarily affect¬ 
ing older (i.e., 10 years mean age) cats. 

History, Dogs with primary bone neoplasia affecting the 
appendicular skeleton are usually presented for evaluation of 
lameness and/or localized limb swelling. Owners often believe 
that a recent history of mild trauma has caused the lameness. 
Pathologic fracture may be associated with acute signs of 
lameness. Dogs with primary bone tumors of the axial skele¬ 
ton usually present for evaluation of pain, reluctance to eat or 
walk, visible swelling, and/or bleeding from tumor surfaces. 
Clinical signs may be acute or chronic and progressive. 

Physical Examination Findings 

Dogs affected with appendicular tumors are often lame. The 
limb may be enlarged and firm; rarely are cutaneous fistulae 
present. Systemic signs of illness (e.g., fever, anorexia, weight 
loss) are uncommon in acute stages of disease. Tumors of the 
axial skeleton are often palpable as firm swellings. Tumors af¬ 
fecting the vertebral column may cause acute signs of lameness 
or paralysis. Respiratory abnormalities associated with pul¬ 
monary metastasis may be noted in some animals. 


NOTE • Primary bone tumors con be malignant or 
benign and must be accurately diagnosed for ap¬ 
propriate treatment. 


Osteosarcoma is the most common primary bone neo¬ 
plasm; 75% of osteosarcomas originate in the appendicular 
skeleton (Straw, 1996) (Tables 37-2 and 37-3). Metastasis is 

common and usually occurs early in the course of disease. 
Although fewer than 3% of affected dogs have radiographi¬ 
cally detectable thoracic metastases at presentation, 90% die 
or are euthanized within 1 year of diagnosis because of com¬ 
plications associated with pulmonary metastasis (Straw, 
1996). Improved chances for survival are possible with 
amputation or limb-sparing procedures combined with 

chemotherapy (e.g,, dspiatin). 


NOTE * Osteosarcomas arise most commonly in 
the metaphyses of the proximal humerus, distal ra¬ 
dius, and distal femur. 


Osteosarcoma is also the most common tumor of the ax¬ 
ial skeleton. Of 116 axial osteosarcomas evaluated, the most 
common sites of occurrence were mandible (31), maxilla 
(26), spine (17), cranium (14), ribs (12), nasal cavity and 


NOTE * Lameness is often the first sign of appen¬ 
dicular bone tumors. 
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Chapter 37 


TABLE 37-3 


Malignant Bone Neoplasia in Cats 


TUMOR 


INCIDENCE 


METASTASIS 


TREATMENT 


PROGNOSIS 


Osteosarcoma 


Amputation,, radiation 

; or excision 
tumors 


Most common primary 
bone tumor in cats 


Metastasis is 
uncommon 


Median survival time is 

24-50 months; greater 

than 50% of cats are 
alive at 64 months 


therapy 

of skull 


(7 0%- 8 0%) 


Fibrosarcoma 


Rare, more often due to 
secondary invasion of 

bone from soft tissue 
4% of bone tumors, re¬ 
ported in the scapula 
Local bone invasion, 

curs in oral cavity and 
digits 


Incidence is unknown 


Long disease-free inter- 


Amputation 


vals reported (e g., 
10 to 18 months] 
Prognosis guarded 


Chondrosarcoma 

Squamous cell 
carcinoma 


Incidence is unknown 


Amputation 

Amputation, 

mandibulectomy, 
maxillectomy, +/- 
radiation therapy, 
see section on oral 
tumors 

Palliative removal of 

painful lesions 


See section on oral 
tumors 


See section on oral 
tumors 


oc- 


Multiple 

cartilaginous 

exotosis 


Uncommon, usually FeLV 
positive 


Multiple sites com¬ 
mon, scapula, ver¬ 
tebra, mandible 


Guarded 


NOTE • Right and left lateral thoracic radiographs 

are essential to look for metastases. 


Laboratory Findings 

Specific laboratory abnormalities are not consistent hall¬ 
marks of primary or metastatic bone neoplasia* Presurgical 
elevation of total serum alkaline phosphatase and bone 
isoenzyme of serum alkaline phosphatase is associated with 
shorter survival and disease-free intervals in dogs with os¬ 
teosarcoma, Bone isoenzyme of alkaline phosphatase activ¬ 
ity may decrease after surgery, which is associated with 
longer survival times and disease-free intervals (Ehrhart et 

al, 1998)* 


FIG 37-4 

Radiographs of a distal radius of a dog with osteosarcoma. 
Note the cortical lysis, periosteal proliferation, and soft-tissue 
swelling. 


DIFFERENTIAL DIAGNOSIS 


Suspected primary neoplastic lesions must be differentiated 
from bacterial osteomyelitis, fungal osteomyelitis, metastatic 
bone tumor (he,, prostatic carcinoma), direct extension of 
soft tissue tumors (i.e., nail bed carcinomas), hypertrophic 
pulmonary osteopathy, bone infarcts, hypervitaminosts A r 
periosteal response to trauma, and aneurysmal bone cysts. 
Definitive diagnosis of bone neoplasia necessitates histo¬ 
logic evaluation of samples obtained by biopsy or excision. 
Successful identification of a tumor requires that biopsy 
samples are obtained accurately and that a pathologist 
accustomed to interpreting bone samples performs the his¬ 
tologic evaluation. Multiple samples should be obtained 
to increase diagnostic accuracy Closed trephine biopsy (see 
p. 1176) from the center of radiographic lesions is more 
accurate than biopsy of transitional zones between tumor 
and normal bone. The latter biopsies are more commonly 


Radiography 

Radiographs of affected bones and the thorax should be 
evaluated* Radiographic signs of osteosarcoma include cor¬ 
tical lysis, periosteal bone proliferation, and soft-tissue 
swelling (Fig. 37-4). Thoracic radiographs should include a 
dorsoventral or ventrodorsal view and both lateral views 
(i.e„ right and left lateral views). These radiographs should 
be carefully evaluated for evidence of tumor metastasis* Al¬ 
though radiographic signs associated with osteosarcoma 
cannot be differentiated from those associated with fungal 
osteomyelitis, coupling radiographic signs with signalment 

a nd histo r y c a n h elp deter m i n e wh et h erne o p Iasi a sh o u I d be 
considered likely. 
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interpreted as reactive bone. Radiographs made after biopsy 
can be used to confirm biopsy location* 


may be provided via a brachial plexus block (see p. 98) or 
stump injections using bupivacaine and/or with an epidural 
(see p, 825}, 

m 

Surgical Anatomy 

Surgical anatomy varies with tumor location. Refer to the 
appropriate bone for an anatomic description. 

Positioning 

For bone biopsy the animal is usually positioned in lateral 
recumbency with the affected leg uppermost. A wide area 
around the proposed biopsy site is clipped and prepped for 
a s ept i c su rge ry> Fo r scapulecto my, fo re limb amputati o n, a nd 
rear limb amputation, the animal is positioned in lateral re¬ 
cumbency with the affected leg uppermost. The front or rear 
leg is prepped from the dorsal and ventral midline to the 
foot. For limb sparing of the forelimb, the animal is posi¬ 
tioned and prepped similarly to forelimb amputation. 


MEDICAL OR CONSERVATIVE 

MANAGEMENT 


Multiple modality treatment (e.g., amputation and chemo¬ 
therapy) has extended the life span ol dogs with osteosarcoma 
to a median of 300 days with a 40% 1-year survival. Adjunc¬ 
tive chemotherapy usually involves administration 
of cisplatin immediately after amputation at a dose of 
70 mg/m body surface area. With this protocol, cisplatin ther¬ 
apy i s con ti n ued eve ry 3 we eks fo r fo u r to six treatm en l s. Ad - 
verse side effects of cisplatin therapy (i.e., renal damage, nau¬ 
sea, vomiting, loss of appetite, and bone marrow suppression) 
are potentially life-threatening and necessitate that animals be 
carefully monitored during treatment. Complete blood count 
(CRC), platelet count, blood urea nitrogen (BUN), serum cre¬ 
atinine, and urine specific gravity should be assessed often. 
Readers are referred to a medicine text for additional infor¬ 
mat ion regarding medteal t reatment of osteosarcoma. 


SURGICAL TECHNIQUES 


SURGICAL TREATMENT 


NOTE * If limb sparing is a goal, take care in lo¬ 
cating the biopsy tract In an area that can be easily 
removed with surgical resection of the tumor. If pos¬ 
sible, the same surgeon doing the limb-sparing pro¬ 
cedure should also perform the biopsy* 


Treatment of appendicular bone tumors involves 
putation (see p. 1177) or tumor resection combined with 
limb salvage techniques and cisplatin chemotherapy ( 
p. 1179). Maxillary and mandibular tumors are treated by 
mandibulectomy (see p. 278) or maxillectomy (see p. 277), 
plus appropriate chemotherapy or radiation therapy* Spinal 
tumors can occasionally be treated with en bloc resection 
hut the procedure is difficult. Tumors of the ribs are treated 
with en bloc resection. 


a m - 


Bone Biopsy 

Either a Michele trephine or J a ms h id i bone marrow biopsy 
needle can be used to obtain a bone biopsy. Advantages of 
Michele trephines are that a larger sample of bone is ob¬ 
tained; however, there may be an increased risk of fracture 
through the biopsy site ( fable 37-4). Jamshidi needles secure 
a smaller sample that may decrease the risk of pathologic 
fracture after biopsy. Accurate diagnoses can be obtained 
with either technique in greater than 80% of cases. 

Moke a s moll skin incision over the center of the lesion . Lo¬ 
cate the skin incision so that biopsy tracts that may be seeded 
with tumors during the biopsy can be removed during the de¬ 
finitive treatment procedure (position the biopsy tract so that 
if does not interfere with skin flaps developed to cover the 
amputated bone end , should amputation be necessary}. Push 
the trephine or needle through soft tissues to the bone codex. 


NOTE • Be aware that after amputation, dogs with 
severe concurrent orthopedic disease may have dif¬ 
ficulty ambulating. 




Preoperative Management 

Thorough physical examinations should be performed to 
identify concurrent problems that might interfere with anes¬ 
thesia, Limb amputation involves loss of a large amount of 
tissue, fluid, electrolytes, and red blood cells. Animals should 
be well hydrated before surgery, and adequate fluids should 
be administered during surgery. Broad-spectrum antibiotics 
should be administered perioperatively during mandibulec¬ 
tomy, maxillectomy, and limb-sparing techniques. Antibi¬ 
otics are not necessary during limb amputations unless there 
i s con c u rre nt infe c t ion o r pass ib 1 e co n t a m i n at t o n. 




TABLE 37-4 


Important Considerations for Bone Biopsy 


NOTE * Perioperative fluid management is essen 
tial during limb amputation* 


* Obtain samples from the radiologic center of tumors. 

* Obtain multiple samples. 


• Take radiographs after biopsy to confirm biopsy site. 

needles may reduce the risk of patho- 


* Using Jamshl 
logic fracture 

• Have pathologists experienced in evaluating bone biop 


Anesthesia 

Bone biopsy, amputation, and limb-sparing techniques are 
performed under general anesthesia (see p. 824 for suggested 
protocols). In patients undergoing amputation, analgesia 


perform histology. 
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Remove the stylet and advance the trephine or cannula 
through the bone . Remove the cannula and push the speci¬ 
men out by inserting the probe into the front opening. Repeat 
the procedure to obtain multiple specimens (Fig. 37-5). 

Amputation 

Occasionally, tumors involve only the scapula, so total or 
partial scapulectomy can be performed. This procedure 
spares the limb and allows fair to excellent limb function. 
Forelimb amputation may be performed by removing the 

scapula, or alternately, rhe limb can be removed by resecting 
the distal humerus. Scapular removal (forequarter amputa¬ 
tion) is often preferred because it eliminates the need to cut 
through bone and is cosmetic because the potential for un¬ 
sightly muscular atrophy around the scapular spine is elimi¬ 
nated. Midhumeral amputation involves transection of only 
three tendinous insertions of muscles. The technique can be 
used for dogs or cats with neoplasia involving bones of the 
distal extremities (distal to the elbow). Retention of the 
scapula may afford some thoracic protection. 

Rear limb amputation may be performed at the mid¬ 
le moral diaphysis or by disarticulating the coxofemoral 
joint. When tumors affect the femur, the coxofemorai joint 
should be disarticulated and the entire femur removed. This 
procedure is more difficult than mid femoral amputation. 
After amputation, the entire tumor should be resubmitted 
for histologic evaluation to confirm the diagnosis. 


and C). Protect the brachial plexus and axillary artery and 
vein during dissection. Transect the suprascapular and sub¬ 
scapular nerves. Transect the teres major and long head of 
the triceps muscles from their origins on the caudal border of 
the scapula (Fig, 37-6 , D ). Transect the coracobrachialis ten¬ 
don, teres minor ; infraspinatus , supraspinatus, and sub- 
scapularis muscles close to their humeral origin (Fig, 37-6 , E). 
Incise the joint capsule . Osteotomize the $upraglenoid tuber¬ 
cle and remove the scapula (Fig. 37-6 , FJ, fo close the 
wound, suture the tendon origin of the biceps brachii muscle 
to the joint capsule. Attach the free muscle flaps to adjacent 
musculature . Suture subcutaneous tissue and skin . Perform 
partial scapulectomy similarly ■ but osteotomize the scapula 
proximal to the scapular notch . 

Forequarter amputation. Make a skin incision from 
the dorsal border of the scapula / over the scapular spine, to 
the proximal third of the humerus (Fig. 37-7, A). Continue 
the skin incision around the forelimb at this level. Transect the 
trapezius and omotransversarius muscles at their insertions 
on the scapular spine. Transect the rhomboideus muscle 
from its attachment on the dorsal border of the scapula and 
retract the scapula laterally to expose its medial surface (Fig. 
37-7 \ BJ. Next, elevate the serratus ventral is muscle from the 
medial surface of the scapula (Fig. 37-7, C }. Continue to re¬ 
tract the scapula to expose the brachial plexus and axillary 

artery and vein. Ligate the axillary artery and vein with a 
three-clamp and transfixafion suture technique (Fig. 37-8). 
Transect the brachial plexus. Transect the brachlocephalicus 
muscle, deep and superficial pectoral muscles , and lafis- 
slmus dorsi muscle near their humeral insertions (Fig. 37-7 y 
C and DJ. Remove the fare! t mb. To close the wound, ap¬ 
proximate the muscle bellies to cover the brachial plexus and 
vessels , and then suture subcutaneous tissues and skin (Fig. 

37-7 , FI 

Midhumeral amputation. Make a skin incision 
around the forelimb at the level of the distal third of the 
humerus (Fig. 37-9 , A). The lateral portion of the skin inci¬ 
sion should extend further distally than the medial portion of 
the skin incision. Dissect subcutaneous tissues in the same 
plane. Abduct the limb and separate the biceps brachii mus¬ 
cle and medial head of the triceps muscle to expose the 
brachial artery and vein and median, ulnar ; and musculocu¬ 
taneous nerves (Fig. 37-9, B E Ligate the artery and vein with 

a three-clamp and transfixafion suture technique (see Fig , 
37-8). Transect the nerves; then transect the triceps tendon 
and reflect the muscles proximolly to expose the humerus . 
Tran sect the bleeps brachii and brachial is muscles at their in¬ 
sertions on the radius and ulna (Fig. 37-9. C ). Ligate the 
cephalic vein and transect the radial nerve. Elevate the bra- 
chiocephalicus muscle from the humerus. Osteotomize the 
humerus with an oscillating saw, Gigli wire, or osteotome 
and remove the distal forelimb (see Fig , 37-9. C). Close the 
wound by suturing the triceps tendon around the humeral 

stump to the biceps and brachialis muscles . Suture subcuta¬ 
neous tissues and skin, 

Coxofe mo ra I disarticulation, vt c k e a s k h ? inc i s i o r 

around the rear limb at the level of the middle third of the 


Scapulectomy. lake a skin incision from several cen¬ 
timeters dorsal to the dorsal border of the scapula, over 
the scapular spine, to the middle third of the humerus (Fig. 
37-6, A). Transect superficial muscles (l.e., omotransversarius 
nn . , trapezius m.) as do se to their origi n on the lateral surface 

of the scapula as the tumor will allow. Expose the medial 
scapular surface by transecting the rhomboideus muscle and 
devoting the serratus muscle from the scapula (Fig, 37-6, B 
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FIG 37-5 

Bone biopsy moy be performed with A, a Michele trephine 
or jamshidi needle. 
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FIG 37-6 

A, For scapulectomy, make a skin incision several centimeters dorsal to the dorsal border 
of the scapula, over the scapular spine, to the middle third of the humerus, B, Transect the 
omotransversarius, trapezius, and rhomboideus muscles. C, Elevate the serratus ventralis 
muscle 










from the scapula. 




tensor fascia lata of msdfemoral level and reflect them prox' 
imolly to expose the greater trochanter and sciatic nerve 
(Fig. 37-W, Fj, Sever the sciatic nerve distal to its muscular 
branches to the semimembranosus , semitendinosus, and bi¬ 
ceps femorls muscles. Transect the gluteal muscles insertions 
close to the greater trochanter (Fig, 37-10, G }. Transect 
semimembranosus and semitendinosus muscfes of file /eve/ 
of the proximal third of the femur Sever the external rotator 
muscle s and quadratus femorls muscle at their attachments 
around the trochanteric fossa . Elevate the rectus femoris mus* 
c/e from its origin on the pelvis . Incise the joint capsule cir¬ 
cumferentially and remove the limb * Close the wound by 
flapping the biceps femoris muscle medially and suturing it 
to the gracilis and semitendinosus muscles. Flap the tensor 


femur (Fig. 37-} 0, AJ. The lateral aspect of the skin incision 
should extend further distally than the medial aspect. On the 
medial side f open the femora/ triangle by incising between 
fee pectineus muscle and caudal belly of the so fieri us muscle 
to expose and ligate the femoral artery and vein (Fig, 37 - J 0, 
using a three-clamp technique (see Fig . 37-8), Transect 
so r tori us, pectineus , gracilis f and adductor muscles approxi¬ 
mately 2 cm from the inguinal crease 
the medial circumflex femoral vessels over the iliopsoas mus¬ 
cle and ligate them. Transect the iliopsoas muscle ot its in¬ 
sertion on the lesser trochanter and reflect it cranially to 

pose the joint capsule (Fig. 37 - 10 , Dj. Incise the joint capsule 
and cut the ligament of the head of the femur (Fig. 37-10, 
EJ. On fee lateral side , transect biceps femoris muscle and 








(Fig. 37-10, C). isolate 
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FIG 37*6, tout'd 

D, Transect the acromial and spinous heads of the deltoideus muscle close lo the scapula. 
Transect the teres major and long head of the triceps muscles from the caudal border of the 
scapula. E, Transect the tendons of the teres minor, infraspinatus 
coracobrachialis (not pictured), and subscapufaris (not 
humeral origins, F, Indse joint capsule,, osteotomi 

scapula. 


supraspmafus, 

muscles close to their 
tubercle, and remove the 




pictured) 

glenoid 


fascia lata coudally and suture it to the sartonus muscle „ Su‘ 
lure subcutaneous tissues and skin. 


cle medially and suture it to the gracilis and semi tend inosus 
usoles. Muscles should be apposed to completely protect 
the distal end of the femur Suture subcutaneous tissues and 

skin . 


m 


Midfemora I amputation. 


a skin incision 

around the rear limb of the level of the distal third of the fe- 

(f/g, 37-1 1 , A), The lateral aspect of the skin incision 
should extend further distally than the medial aspect On the 
medial side , transect the gracilis muscle and the caudal belly 
of fhs s or tori us at the mid femoral level (Fig. 37-11 BJ, Iso 
fate and ligate the femoral vessels (see Fig , 37-8), Transect 
fhe pectineus muscle through its musculotendinous junction 
(Fig. 37 d J , C). Transect the cranial belly of the sartorius 
muscle. Transect the quadriceps muscle proximally 
patella (Fig. 37- 1 1 , D). Transect the biceps femoris mu sc/e at 

level os the quadriceps muscle. Isolate and cut the 
sciatic nerve at the level of the third trochanter : Transect the 
caudal muscles , including the semimembranosus , semitendi- 
nasus f and adductor muscles at 


Limb-Sparing Techniques 


Some dogs with preexisting orthopedic and 
ease do not ambulate adequately after amputation. Addi 
tlonally, some owners will 


neurologic dis- 


l 


not permit amputation. 
Limb-sparing techniques that involve en bloc resection of the 
t li m or a nd rep 1 acement with a b o n e al 1 ogra ft 
selected cases. The most suitable candidates for limb 






can be used in 


to 


sparing 

are dogs with osteosarcoma of the distal radius that affects 
less than 50% ol the bone (Straw et al, 1990). Limb 

for proximal humeral lesions has not been as successful 
(Kuntz et al, 1998) 






rfie some 


sparing 




id femoral level (Fig, 
37-11 , EJ, Elevate the insertion of the adductor muscle from 
the linea □spera of rfie femur (Fig. 37-1 J, FJ. Cut the fem 

at the junction of the proximal and middle thirds of the dia - 
pnysis and remove 
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Position the dog in 

pseuc/ocopsu/e of the tumor. Osteotomize the bone 3 to 5 
proximal to the radiographic margin of the tumor. Take 

biopsy specimen from the proximal margin of resection to 
check for tumor. Transect the extensor 
and remove if with the tumor, along 


lateral recumbency. Dissect around the 


■9 


ur 
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the limb . Close the wound by flapping 
the quadriceps muscle coudally to cover the femoral stump 

r muscle. Flap the biceps 


carpi radial is muscle 
th any other muscles 


and suturing if to the odducto 


mus- 
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FIG 37-7 


A, For forequarter amputation, make 
over 
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e scapular spine, 
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remove the forelimb, f. To 
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potation, make a skin incision around the farelimb at the 
the distal third of the humerus. B, Abduct the limb and sep 
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arafe the biceps brachii muscle 


for ligation 


ial artery and 
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, and musculocutaneous nerves 

and brachialis muscles at their insertions on 
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the humerus and remove the limb. 
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FIG 37-10 


A, For coxofemoral disarticulation, make a skin incision around the rear limb at the leve 
of the middle third of the femur, fi. On the medial side, open the femora] triangle by 
incising between the pectineus muscle and caudal belly of the sartorius muscle to expose 
and ligate the deep Femoral artery and vein. C, Transect sartorius, pectineus, gracifi 
adductor muscles approximately 2 cm from the inguinal crease. D and E, Transect the 
iliopsoas muscle at its insertion on the lesser trochanter and reflect it cramally to expose the 
joint capsule. Incise the joint capsule and cut the ligament of the head of the femur. F, On 
the lateral side, transect biceps femoris muscle and tensor fascia lata at midfemoral level. 

G/ Sever the sciatic nerve distal to its muscular branches to the semimembranosus. 

r 

inosus, and biceps femoris muscles. Transect the gluteal muscle insertions close to 
the greater trochanter. Transect the semimembranosus and semitendinosus muscles at the 
f of proximal third of the Femur. Sever the external rotator muscles and quadratus 
Femoris muscle at their attachments around the trochanteric fossa. Elevate the rectus femori 
muscle from its origin on the pelvis. Remove the limb. 
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FIG 37-11 


A/ For midfemorol omputalion, make a skin incision around the rear limb at the level of the 
distal third of the femur. B, On the medial side, transect the gracilis muscle and the caudal 
belly of the sartorius at the midfemoral level. C, Isolate and ligate the femoral vessels. 
Transect the pectineus muscle through Hs musculotendinous junction. Transect the cranial 
belly of the sarlorius muscle, D, Transect the quadriceps muscle proximally to the patella, 

E, Transect the biceps femoris muscle at the same level as the quadriceps muscle. Isolate 
and cut the sciatic nerve at the level of the third trochanter. Transect the semimembranosus 
semitendinosus, and adductor muscles at midfemoral level. F, Elevate the insertion of the 
adductor muscle From the linea aspera of the femur. Cut the femur at the junction of the 
proximal and middle thirds of the diaphysis and remove the limb 


■ 










bone (or harvest the graft before dissecting the tumor to 
ovoid contamination of the donor sitej and place it at the 
host-graft interface and at the arthrodesis site (Fig, 37- \2 J. 
if desired f insert a closed suction drain adjacent to the graft 
before closing the wound. Close subcutaneous tissues and 
shin routinely. 


or tendons that are involved. The distal margin of resection 
is the /bint surface, incise the joint capsule and dissect the tu¬ 
mor free. Remove the articular cartilage of the carpal bones 
in preparation for carpal arthrodesis. Replace the resected 
hone with a cort/ca/ allograft stabilized with a long , dynamic 
compression plate (see p. 897j. Filling the graft with poly 
methyl methacrylate decreases the incidence of implant loos 
ening and allograft fracture , but there are controversial re¬ 
sults regarding possible de/ays in graft incorporation . Make 

sufficient length that at least four 
screws can be positioned in the proximal radius and three 
positioned distal to the graft. Harvest autogenous concellous 






















tumor resection followed by segmental bone trans 
port has been successful in selected cases tor limb sparing 
Bone transport techniques eliminate the need for a corti¬ 
cal allograft, decreasing the incidence of infection 
and eliminating concerns over graft failure. However, the 
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falling, especially on slick surfaces. Most animals learn to am¬ 
bulate on three limbs within 4 weeks and many others by 
1 wee k a fter s urger y; howeve r, so i n e dogs ri i ay re qui re coaxing 
and encouragement. Pain relief is often evident after amputa¬ 
tion of limbs with large neoplastic lesions. Sequential thoracic 
radiographs are indicated after surgery to detect metastasis. 
Potential complications of amputation include seroma forma¬ 
tions bleeding, infection, and suture line dehiscence. 


Osteosarcoma 


Tumor 

resection 




* 


Allograft 


NOTE * Many owners are reluctant to accept am’ 
potation and must be advised of the animal's ability 
to adapt to walking on three legs. 


and 




arthrodesis 




[ 


aw 


to ; 


Postoperative care after limb sparing includes care of the 
closed suction drainage system (if used) and removal of the 
drain when drainage subsides {usually 1 day after surgery). 
The leg should be supported in a padded bandage to control 
postoperative swelling. The incision must be protected from 
self-mutilation with bandages and/or an Elizabethan collar. 
Decreased exercise is recommended for 3 to 4 weeks; how¬ 
ever, controlled exercise or physical therapy may be neces¬ 
sary to prevent flexure contracture of the digits. 
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FIG 37-1 2 


A limb-sparing procedure for distal radial osteosarcoma. 
Resect the affected bane and soft tissues. Replace the bane 
with a cortical allograft and stabilize it with a compression 
plate. Perform an arthrodesis of the carpus concurrently. 


PROGNOSIS 


Dogs treated for osteosarcoma with amputation alone have 
a median survival time of 5 months, with a 10% I-year sur¬ 
vival. Dogs treated with amputation and cisplatin have me¬ 
dian survival times of 9 months and 38% to 43% 1-year sur¬ 
vival, Euthanasia is usually requested by owners when 
pulmonary metastases cause clinical signs of depression, 
anorexia, and/or respiratory distress. 

Limb-sparing procedures in conjunction with cisplatin 
treatment have resulted in good or adequate limb function in 
approximately 80% of treated dogs. There does not appear to 
be a difference in survival rates between dogs treated with 
amputation in conjunction with chemotherapy and those 
treated with limb-sparing procedures in conjunction with 
chemotherapy. Complications associated with limb sparing 
include local tumor recurrence (40%), implant failure (8%), 
and allograft infection (49%) (Straw et ai> 1990). Infection 
can require allograft removal or amputation. 


aftercare with the circular fixator and constant distraction is 
intensive and requires dedicated owners and numerous 
reevaluations for success. 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


A Michele trephine or Jamshidi needle is needed for bone 
biopsy. An osteotome and mallet, oscillating saw, or Gigli 
wire is used to sever the bone when performing a mid- 
humeral or mid femoral amputation. Nonabsorbable (poly¬ 
propylene or nylon) or strong synthetic absorbable (poly- 
dioxanone or polyglyconate) suture should be used for vessel 
ligation during amputation. Plating equipment is needed for 
1 1 m b s pa r i ng w i l h al lo g raft s, a n d ci re u 1 ar fix a to rs a re n eed e d 
for bone transport. 
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legs; however, some animals require initial support to prevent 
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JOINT NEOPLASIA 


FIG 37-13 

Radiograph of a stifle joint with synovial sarcoma. There is 
bone lysis in the distal femur and proximal tibia (arrows] 
giving the appearance that the tumor has crossed the joint. 


DEFINITIONS 


Primary joint neoplasms are tumors that arise from syn¬ 
ovial linings of diarthrodial joints, tendon sheaths, and/or 
bursae. The tumors of practical importance are those arising 
from synovioblastic tissue, called synovial sarcomas. 


Physical Examination Findings 

Masses vary in size, but are usually firm with some fluctuant 
areas. They are generally nonpainfal. The degree oi lameness 
appears to correlate with the amount of bone involvement. 


SYNONYMS 


Malignant synovioma , synovial cell sarcoma 


Radiography 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Radiographs of involved joints should be made to evaluate 
the extent of bone and soft-tissue involvement. There may 
be evidence of lobulated soft-tissue masses in the joint re¬ 
gion. Bone changes (e.g. 7 lysis of subchondral bone and cor¬ 
tex, new bone production) are often noted on either side of 
the joint (Fig. 37-13). This contrasts with the appearance of 
primary bone tumors, which seldom appear to 
joint.” Thoracic radiographs should be taken to evaluate for 
pulmonary metastasis. 


Synovial cell sarcomas are rare tumors arising from syn¬ 
ovioblastic mesenchyme in deep connective tissues around 
joints. Joints above the carpus and tarsus are more 
commonly affected than distal joints. Biologic behavior of 
these tumors range from slow growth to aggressive inva¬ 
sion of adjacent tissues. Metastasis occurs to regional 
lymph nodes, lungs, and other locations including bone. 
Histopathologic examination of synovial sarcomas reveals 
synovioblastic and fibrosa rco matous cells in varying pro¬ 
portions. The matrix is composed of collagen and reticulin 
fibers. 


cross a 


Laboratory Findings 

Consistent laboratory abnormalities are not present. 


DIFFERENTIAL DIAGNOSIS 


Neoplastic joint lesions must be differentiated from synovial 
cysts, which are well-circumscribed masses attached to joint 
capsule, tendon sheath, or bursa (see below). Synovial cell 
sarcomas must also be differentiated from fungal and intec- 
tious joint diseases (e.g., septic arthritis, erosive arthritis, vil- 
lonodular synovitis) and other tumors (e.g., fibrosarcoma, 
r h abd o myosa rco m a, 1 i po sa rco m a, h em a n g ioper i evto m a, 
malignant fibrous histiocytomas, giant cell tumors of soft 
tissue, and primary bone tumors). A definitive diagnosis re¬ 
quires that the lesion be biopsied; however, if massive bone 


DIAGNOSIS 

Clinical Presentation 

Signalmen!* Synovial sarcomas occur most commonly 
in large, middle-age dogs. There is a 3:2 male-to-female ra¬ 
tio. A breed predisposition has not been identified. 

History* Dogs and cats are usually evaluated because of 
lameness. A mass near a joint may be occasionally noticed by 
owners. Masses may grow slowly for a period; rapid growth 
may then oecur. 
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destruction is present and precludes therapy other than am¬ 
putation , excisional biopsy (limb amputation) rather than 
incisional biopsy may be warranted, bine-needle aspiration 
can reveal the presence of malignant cells but will not allow 
visualization of tumor architecture necessary for definitive 
diagnosis of tumor type in many cases. 


ovial membrane. A well-circumscribed cystic lesion forms 

when synovial membrane herniates through the joint cap¬ 
sule or a bursa connected to a joint enlarges. Diagnosis is 
based on histologic evaluation of tissues. The cyst consists of 
a synovial cell lining supported by a zone of collagen. Typi- 

cally, i nfla m mator y cel 1 s a re not p resen t , 

DIAGNOSIS 

Clinical Presentation 

SignaJmenf* The age of affected animals at presentation 
has ranged from 5 to 16 years. There does not appear to be a 
sex or breed predilection, 

H i s tory* An imals are p re sen led i o r evahiatio n of a mass 
near a joint (typically carpus, elbow, or tarsus). Lameness is 
seldom evident. 


NOTE * You should attempt fine-needle aspiration 
or another biopsy technique before amputating the 
leg because it is possible to confuse fungal and neo¬ 
plastic lesions radiographically. 


SURGICAL TREATMENT 


Amputation appears to be the most effective treatment for 
this tumor (see p, 1177). Local excision is not recommended 
because of the high recurrence rate. Concurrent ehemother- 
a py may be benefidal. 


Physical Examination Findings 

Masses are usually small, well-circumscribed, and firmly at¬ 
tached to deeper tissues. 

Radiography 

These lesions are not associated with bone lysis or prolifera¬ 
tion, Soft-tissue swelling may be noted in the joint or in sur¬ 
rounding soft tissues. 

Laboratory Findings 

Consistent laboratory abnormalities are not found. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


See p. 1184 for recommendations for the postoperative care 
of animals following amputation. Periodic examination of 
affected animals is recommended for early detection of local 
recurrence or metastasis. 


PROGNOSIS 


The prognosis is guarded after limb amputation. Although 
these tumors have historically been considered to be 
slow-growing tumors that metastasize late in the course of 
disease, a recent study has suggested that metastasis is com¬ 
mon following amputation. Twenty of 37 cases reported in 
the literature developed metastasis at some time during the 
clinical course of disease (McGlennon et al, 1988). 


DIFFERENTIAL DIAGNOSIS 


Soft-tissue tumors and tumorlike lesions (e.g,, heman¬ 
giopericytoma, lipoma, sebaceous adenoma, fibroma, syn¬ 
ovial sarcoma, histiocytoma, mast cell tumor, epidermal and 
follicular cysts, calcinosis circumscripta, and local villon- 
odular synovitis) must be differentiated from synovial cysts. 
These lesions are generally differentiated histologically. 


References 


SURGICAL TREATMENT 


McGlennon NT, Houllon 3 HR Gorman NT: Synovial sarcoma in the 
dog—a review, ] Small Anim Pract 29:139,1988. 


Excision of the cyst is recommended. The cyst should be 
carefully freed from surrounding soft tissues by dissection 
and removed. Drainage of the cyst, without removal of the 
synovial lining, will result in recurrence. 


Suggested Reading 


WhMock RG et a 1; A rev iew of 30 tu mou rs a ffec ting joints, Vet 
Comp Orthop Trauma to l 10 : 146 , 1997 . 


PROGNOSIS 


Recurrence has not been reported after complete surgical 
exc i si o n, 


SYNOVIAL CYSTS 


Suggested Reading 




DEFINITIONS 


Prymak C, Goldschmidt MH: Synovia! cysts in five dogs and one 
cat,/ Am Anim Hasp Assoc 27:151, 1991, 


Synovial cysts are benign, well-circumscribed masses at 
tached lo joint capsule, tendon sheath, or bursa. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


OSTEOMYELITIS 


DEFINITIONS 


Synovial cysts are usually reported as incidental findings and 
rarely cause clinical signs other than localized enlargement 
of the joint or surrounding tissues. The pathogenesis in hu¬ 
man beings is believed to involve inflammation of the svn- 


Osteomyelitis is inflammation of bone marrow, cortex, and 
possibly periosteum. Acute osteomyelitis is characterized bv 
systemic illness, pain, and soft tissue swelling without visible 
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from phagocytosis, host antibodies, and antibiotic effective¬ 
ness. Osteomyelitis is worsened bv fracture instability* Con¬ 
tinual motion impairs revascularization of spaces between 
fractured bone ends, which in turn prevents host defense 
mechanisms from gaining access to the area. 

M y co tic b o n c in fe c t ions a re acq u i re d thro ug h h e m atoge - 
nous dissemination of inhaled spores. Offending organisms 
are endemic in some geographic locations and include Blas¬ 
tomyces demand his and Coaid iodes immitis and less com¬ 
monly, Histoplasma cap si datum and Cryptococcus neoJar¬ 
mans, Although viral osteomyelitis is thought to be 
uncommon, newer evidence suggests that some canine bone 
diseases may be viral in origin* Sequences of ribonucleic acid 
(ENA) homologous with canine distemper viral RNA have 
been detected in osteoblasts of dogs with metaphyseal os¬ 
teopathy (hypertrophic osteopathy)* It has also been sug¬ 
gested that panosteitis is associated with viral infections* 
Other causes of osteomyelitis include parasites, foreign bod¬ 
ies, and corrosion of metallic implants. 


radiographic alterations in bone. Chronic osteomyelitis ex¬ 
ists when acute and systemic clinical signs have subsided, but 
infection manifested by draining sinuses, recurrent cellulitis, 
abscess formation, and progressive destructive and prolifer¬ 
ative osseous changes is present* Sequestra are fragments of 
necrosed bone that have become separated from surround¬ 
ing tissue. 


SYNONYMS 


Bone infection 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Most bone infections in dogs and cats are bacterial in origin. 
Many of these are monomicrobial infections, with b-lactamase 
producing Streptococcus intermedius or S. aureus predomi¬ 
nating* Polymicrobial infections are also common and may 
harbor mixtures of Streptococcus spp„ Proteus spp., Es¬ 
cherichia coli, Klebsiella spp., and Pseudomonas spp. Anaero¬ 
bic bacteria are recognized as an important cause of os¬ 
teomyelitis, being present in over two thirds of bone 
infections. Anaerobes may exist alone as the sole causative 
agent, or more commonly, as one organism in polymicrobial 
infections* Anaerobes isolated from bone infections include 
Actinomyces spp., Clostridium spp., Pep tost rep to a? ecus spp., 
Bacteroides spp., and Pu so bacterium spp. Characteristics of 
anaerobic Infections include fetid odor, sequestration of 
bone fragments, and evidence of bacteria with differing 
morphology on Gram-stained smears. 


DIAGNOSIS 


The diagnosis of osteomyelitis is alien suspected based on 
history, clinical signs, and radiographic findings* 


Clinical Presentation 

Signalment. Any age, breed, or sex of dog or cat may be 

affected. 

History* Historical findings may include recent open re¬ 
duction and stabilization of a fracture, bite wounds, open 
traumatic wounds, or habitation of an endemic fungal region* 

Physical Examination Findings 

Clinical features of osteomyelitis vary depending on stage of 
the disease, Hie initial response of bone to infection is in¬ 
flammation; soft tissues in the area can become hot, red¬ 
dened, swollen, and painful (Fig* 37-14), The animal is often 
pyrexic, depressed, and partially or totally anorexic* Distin¬ 
guishing between acute osteomyelitis and inflammation as¬ 
sociated with surgical intervention is frequently difficult. 


NOTE * Treatment failures may result from lack of 
identification and inappropriate treatment of anaer¬ 
obic bacteria. 


Bacterial osteomyelitis is often classified as either 
hematogenous or post trauma tic; however, it should be recog¬ 
nized that the division between the two is often indistinct, 
since hematogenous seeding of fractures by infectious agents 
occurs and may induce osteomyelitis* Nevertheless, studies 
indicate that a common source of bacterial inoculation is sur¬ 
gical site contamination during open fracture reduction* Al¬ 
though the type and quantity of bacteria inoculated are im¬ 
portant factors in development of bone infections, bacteria 
alone does not necessarily cause osteomyelitis* Other impor¬ 
tant factors in the pathogenesis of post traumatic os¬ 
teomyelitis are (I) extent of so ft-tissue damage and alteration 
of blood supply; (2) formation of a biofilm (glycocalyx); 
(3) and stability of fracture repair. The first of these, tissue 
damage, may be caused by the injury or may occur during the 
surgical procedure. The presence of damaged soft tissue and 
devitalized bone serves as an excellent culture medium for 
bacteria. Bacterial proliferation is also potentiated by foreign 
materials in the wound (e,g„ synthetic suture materials, im¬ 
plants)* Glycocalyx is a combination of bacterial slime and 
host cellular debris that shrouds bacterial colonies and facili¬ 
tates bacterial adhesion* The biofilm also protects bacteria 


FIG 37-14 

A dog with femoral osteomyelitis. Note the draining tract on 
the caudolateral aspect of the thigh 
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Persistence of an elevated temperature for longer than 48 
hours post operatively or a neutrophilic left shift increases 
the likelihood that infection is present rather than only sur¬ 
gically induced trauma. I lowever, lack of either of these find¬ 
ings does not exclude the possibility of infection. Animals 
with chronic osteomyelitis usually present for evaluation of 
draining tracts and/or lameness; pyrexia, anorexia, and other 
clinical signs associated with systemic disease are frequently 
lacking. Accordingly, hematologic abnormalities are usually 
mild or absent. 


Occasionally, when an animal presents with draining 
tracts and skeletal lesions that are not confluent, fistulogra- 
phy may be beneficial in confirming that the draining tracts 
lead to the bone lesion. Pistulography is performed by retro¬ 
grade filling of each draining sinus with a water-soluble con¬ 
trast agent. The concentration and volumes of contrast 
agents used varies; however, they should be diluted ( approx¬ 
imately 25% to 60% is recommended) to not obscure iden¬ 
tification of associated foreign bodies. Unfortunately, in¬ 
complete filling of sinuses and false-negative results are 
common. 


Radiography 


Laboratory Findings 

With acute osteomyelitis, systemic evidence of infection is of¬ 
ten present and indicated by an elevated white blood cell 
count with a neutrophilic left shift. Results of laboratory 
analysis in dogs with chronic osteomyelitis are usually normal. 


Specific radiographic findings vary depending on the stage 
of disease, site of infection, and pathogenicity of infective or¬ 
ganism. Soft tissue swelling is the first sign of acute os¬ 
teomyelitis and may be observed as early as 24 hours post in¬ 
fection. Radiographic changes in bone generally are not 
present before 2 weeks postinfection. Early radiographic 
bone changes include a periosteal shadow with deposition of 
new bone in a lamellar pattern oriented perpendicular to the 
long axis of the bone. Lamellated periosteal reactions are 
typically observed in association with osteomyelitis, whereas 
solid periosteal new bone formation is not typically associ¬ 
ated with infection (Fig. 37-15). As the infection progresses, 
lysis of the medullary cavity becomes apparent. Sequestra 
may develop and as involucra (new bone formation around 
a sequestrum) form, sclerosis and lysis become interspersed 
throughout cortical and medullary bone at the site of infec¬ 
tion. Radiographically, sequestered bone appears more 
dense than surrounding bone. 


DIFFERENTIAL DIAGNOSIS 


Microbio logic culturing is the definitive test for os¬ 
teomyelitis and is essential in determining the organism s in 
vitro susceptibility to antimicrobial drugs. Sample collection 
of specimens for culture should not be obtained from drain¬ 
ing tracts. Organisms cultured from draining tracts correlate 
with the pathogen isolated at surgery in fewer than half 
of the patients. Preferably, aerobic and anaerobic cultures 
should be obtained from bone at the time of surgical inter¬ 
vention. Alternately, collection of culture samples via 
fine-needle aspiration of material directly surrounding the 
involved bones may he of value. In cases of suspected fungal 
osteomyelitis, fungal cultures and serology, titers, and cyto¬ 
logic or histologic evaluation of biopsies may be diagnostic. 


NOTE * Collect samples for bacterial culture from 
deep fine-needle aspirates. Do not culture draining 

tracts. 


MEDICAL OR CONSERVATIVE 
MANAGEMENT 


Medical management consisting of antibiotic therapy and 
application of warm packs may be effective in patients with 
hematogenous osteomyelitis or those having postoperative 
osteomyelitis. Medical therapy may be used when the af¬ 
fected area exhibits signs of inflammation but sequestra, 
necrotic tissue, or pockets of exudate should not be present. 
Additionally, if the patient has postoperative osteomyelitis, 
implant and bone stability must be present. Appropriate an¬ 
tibiotic therapy is determined by culture and sensitivity and 
is continued for a period of at least 28 days. 


SURGICAL TREATMENT 


If sequestra or pockets of exudate are present, drainage and 

debridement of necrotic tissue are necessary. The fracture 

* 

must be stable, and appropriate antimicrobial therapy 
should be instituted based on culture and susceptibility test¬ 
ing. Treatment of chronic osteomyelitis entails maintaining 


FIG S7-15 


Radiograph of a dog with acute osteomyelitis following 
open reduction and stabifization of a femoral fracture. 
Extensive periosteal reaction and involucrum formation are 
present. 
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fractures have not heeled, remove the loose implants and 
rigidly stabilize the fracture . Identify and remove sequestered 
bone through radiographic imaging and surgery 


or providing fracture stability, removal of loose implants and 
sequestered bone, cancellous bone grafting of bony deficits, 
and appropriate antimicrobial therapy. 

Preoperative Management 

In patients with acute osteomyelitis, antibiotic therapy 
should be initiated immediately with bactericidal agents that 
have a broad spectrum of activity against aerobic and anaer¬ 
obic bacteria (e.g., clindamycin and enrofloxacin). Definitive 
antimicrobial therapy is determined through culture and 
susceptibility testing. Antimicrobial therapy of animals with 
chronic osteomyelitis is based on culture and sensitivity test¬ 
ing of the offending organisms at surgery Perioperative an¬ 
tibiotics should nor be administered to these patients until 
intraoperative cultures have been obtained. 

Anesthesia 

Most animals with osteomyelitis are otherwise healthy and a 
variety of anesthetic regimens can be used (see p. 824), If 
preoperative blood work suggests organ dysfunction (i.e., re¬ 
nal, hepatic) refer to Chapter 34 in this textbook for specific 
an estheti c reeo mmend at ions. 


At surgery sequestered bone is recognized by a yellowish 
discoloration and has no soft tissue attachments. 


Do not try to stabilize sequestered bane fragments; instead, 

remove them and place an autogenous cancellous bone 
graft in areas devoid of bone , Establish drainage as de¬ 
scribed above. 


Antibiotic impregnated polymethyl methacrylate beads 
may be considered for treating chronic infections, especially 
those associated with cortical allografts used for limb spar¬ 
ing, bead strings are constructed using a bead mold in which 
the cement mixture is pressed onto stainless steel or nylon 
sutures. The strings are secondarily sterilized with ethylene 
oxide prior to implanting. The slow elution of the antibiotic 
can result i n wound 11 u id concentrations of up to 200 times 
that can be obtained with systemic antibiotics, exceeding the 
minimum inhibitory concentration for up to 80 days, with¬ 
out toxic effects on the patient. The beads are usually re¬ 
moved after treatment. 


Surgical Anatomy 

Refer to Chapter 34 for anatomy of the involved bone. 

Positioning 

Refer to Chapter 34 for exposure of the bone involved, 

SURGICAL TECHNIQUE 

Acute Osteomyelitis 

Open infected wounds and debride necrotic tissues. If a frac¬ 
ture is present, stabilize bone fragments with an appropriate 
implant system (bone plates and screws or external skeletal 
fixators are usually preferred). 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Aerobic and anaerobic culturettes .should be available. Other 
instruments needed include those necessary for the insertion 
of the selected implant, bone curettes, self-retaining retrac¬ 
tors, and a selection of absorbable suture material. Nonab¬ 
sorbable suture material should generally be avoided in in¬ 
fected tissues. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


In patients with acute osteomyelitis, antibiotic therapy 
should be continued for at least 3 to 4 weeks. With chronic 
osteomyelitis, antibiotics should be administered for at least 
4 to 6 weeks. If the wound is managed in an open fashion, 
the area should be irrigated with 0.03% dilute chlorhexi- 
dine twice daily and packed with a chlorhexkline-soaked 
sponge. Using umbilical tape secured to the skin on either 
side of the incision that can be tied over the gauze packing 
facilitates frequent changing of the packing materials. The 
limb should be bandaged until the wound is closed to de¬ 
crease the likelihood of iatrogenic infection. If a fracture is 

present, postoperative care is dictated by the fracture con¬ 
figuration and stabilization procedure used. Generally ac¬ 
tivity should be restricted to leash walks until the fracture 
has healed. Affected animals should be observed daily for 
signs of recurring fever, pain, swelling, and/or draining 
tracts. 


NOTE * Stabilization of fractures is the key to suc¬ 
cessful treatment of osteomyelitis. Bone union will oc¬ 
cur in the presence of infection if fragments are stable. 


if previous surgery was performed and the fracture remains 
Stable , leave the original implants in place . if the Implants 
have loosened, choose another fixation system to provide 
rigid fixation. Establish drainage by treating the surgical site 
as an open wound. Irrigate the wound with 0,05% chlorhex - 
idine and then pack it with sterile gauze soaked with 0.05% 
chlorhexidine. Cover wounds with a sterile outer dressing 
that will absorb drainage products accumulated between 
bandage changes , Once the infection is eliminatedsuture 
the wound 

Chronic Osteomyelitis 

Determine the degree of fracture stability by palpation and ra¬ 
diographic assessment If fractures and original implants are 
stable, leave them in place . However, if implants are loose and 


PROGNOSIS 


If all bone sequestra are removed and fractures are ade¬ 
quately stabilized, the prognosis for resolving infection and 
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returning the patient to normal activity is good. Removal of 

all implants following bone union maybe necessary to com¬ 
pletely resolve the infection. 


Forty-four owners of dogs treated with limb amputation 
ponded to a questionnaire about the dogs adaptation to 

owner’s expectations, and the reactions of 

family and social contacts. Forty-one dogs adapted well to 
the amputation; most dogs adapted within 1 month with 
9 dogs adapting within t week. Behavioral changes, includ¬ 
ing aggression or anxiety toward other dogs were observed 
in 14 dogs. Nineteen of 21 owners found their presurgical 
objections unwarranted because of the rapid adaptation to 
three limbs. Most of the family and social contacts reactions 
to the dogs with amputated limbs was favorable. 

Kirpensteijn f, Steinheimer D, Park RD, Powers RE* Straw 
RC, Endenburg N, Withrow SJ: Comparison of cemented 
and non-cemented allografts in dogs with osteosarcoma, 
Vet Comp Orthop Traumatoi 11:178, 1998. Forty- 
dogs treated with a limb- 

filled cortical allografts were compared to 13 dogs treated 

-cemented allografts with radiographic 
evaluation of the host graft interface in all dogs and the his¬ 
tologic appearance of the cortical allograft in 44 dogs. The 
radiographic scores for the host graft interface of 
men ted allografts were 

for the interface of cemented grafts at all time periods. 

The histologic scores were higher (less union) for cemented 
allografts. Screw failure 
non-cemented 

implant related complications, but 

corporation. 


re- 


s 


three legs, the 
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sparing and allograft replacement: 18 cases (1994-1996), 
Vet Comp Orthop Trauma 11:94, 1998. Poly methyl 
methacrylate (PMMA) bead impregnated with tobramycin 

ancomycin were implanted in 18 dogs with infected 
allografts alter limb sparing procedures for 
mor. Clinical 


sco re s 


severe infections after limb 


was significantly increased 
group. Using cemented allografts decreases 

may delay allograft in- 


a primary tu- 

signs of infection resolved in a median of 4 
weeks in 12 dogs, but three of these dogs had recurrence of 
signs in a median ol 17 weeks after implantation. Poly- 

methyl methacrylate antibiotic impregnated beads allow 

slow elution of high concentrations of antibiotics in the af¬ 
fected environment for 


iMunjar I A, Austin CC, Rruer GJ: Comparison of risk fac¬ 
tors lor hypertrophic osteodystrophy, craniomandibular 
osteopathy and canine distemper 


virus infection. Vet 

Comp Orthop Traumatoi 11:37, 1998. The hypothesis that 
hypertrophic osteodystrophy (HOD) and craniomandibular 
osteopathy (CMC) were 

(CDV) was tested with an epidemiologic survey to deter¬ 
mine common risk factors for the three diseases. The Veteri- 


to canine distemper virus 


up to 80 days, without causing sys¬ 
temic toxicity. The PMMA is foreign material and may be 
associated with the recurrence of signs of infection after the 

period of antibiotic release. 


nary Medical Database, contributed to by 16 veterinary i 

, was searched for all dogs with a first time 
diagnosis of HOD, CMO, or CDV presented from 1980 to 

1989. A hospital control group was also established. Delta ob¬ 
tained included age, gender* neuter status 

ographical location, and seasonal distribution. The search 
identified 131 


in- 


Ehrhart N, DernelJ WS, Hoftmann WE, Wergel RM, Powers 
BE, Withrow SJ: Prognostic importance of alkaline ph 
phata&e activity in serum from dogs with appendicular 
teosarcoma: 75 cases 


os- 
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os- 


1996), / Am Vet Med Assoc 
213:1002,1998. Serum total alkaline phosphatase (TALP) and 

bone-specific alkaline phophatase (BALP) may be prognostic 
indicators for survival times and disease tree intervals in dogs 
with osteosarcoma. High activities of TALP (>110 U/L) and 
RALP (>23 U/L) were associated with shorter survival times 
and disease-free intervals. Bone-specific alkaline phos¬ 
phatase activity decreased after 


cases of HOD, 68 cases of CMO, and 1757 
cases of CDV. Subjective comparison of risk factors for HOD 
and CMO did not support 
diseases. Additionally 

between CDV and HOD or CMO was found. 


a relationship between the two 

no evidence for a possible relationship 


Queen Rennet D, Charm iehael S, Gibson N, Li A, Payn 
Johnson CE, Kelly DF: Femoral neck metaphyseal osteopa¬ 
thy in the cat, Vet Record 142; 159,1998. Seventeen cats with 
femoral neck metaphyseal osteopathy, an idiopathic necrosis 
of the femoral neck leading to femoral neck fracture, 
evaluated to determine signalment, clinical 
signs, and response to treatment. Male cats, 2 
younger, 15 of which were neutered, presented with a history 


surgical resection of the pri¬ 
mary tumor in the 29 dogs tested within 40 days after 

gerv. Dogs with high TALP and RALP activity may be 
candidates for more 


e- 


sur- 


agressive initial tumor therapy. 


were 
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dogs to the amputation of a limb and their owner's satis¬ 
faction with the procedure. Vet Record 144:115, 1999. 
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of a vague lameness progressing to an acute severe lameness. 

bilaterally affected and five additional cats 

developed bilateral lesions alter presentation. Radiolucency 

and loss of definition of the neck was observed in all cats, 
with 12 cases of femoral neck fracture- Excision arthroplasty 
ol affected hips resolved the lameness in all cats. The authors 
suggest that this is a relatively new disease in cats and is char¬ 
acterized by primary bone resorption and secondary patho¬ 
logic fracture. Etiologic factors are unknown, 

Tommasini Degna M, Ehrhart N, Feretti A> Burraco P: 
Bone transport osteogenesis for limb salvage following re¬ 
section of primary bone tumors: experience with sly cases 
(1991-1996), Vet Comp Orthop Traumatol 13:18, 2000, Six 

dogs with osteosarcoma of the radius were treated with local 
tumor resection and limb salvage using a circular fixator and 
bone transport osteogenesis to fill the defect. Two dogs had 
a successful outcome, three dogs had local recurrence of the 


tumor, and one dog had necrosis of the regenerate bone. 
Strict adherence to oncologic surgical technique and the 
principles of Ilizarov 

Bone transport is an alternative to limb salvage with cortical 
allografts, which eliminates concerns about graft infection. 
The effects of chemotherapy and radiation therapy 
generate bone remain should be determined. 

Whitelock RG, Dyce J, Houlton JEF, Jeffries AR: A review of 

30 tumours affecting joints, Vet Comp Orthop Traumatol 
10:146, 

joint tumors were reviewed. The synovial 
counted for only eight cases. Fibrosarcoma, rhabdomyosar¬ 
coma, fibromyxosarcoma, liposarcoma, and udifferentiated 
sa rcoma all had similar radiographic appearance to synovial 

Five other tumor types were also included. Diag¬ 
nosis and subsequent treatment and prognosis arc depend¬ 
ent on accurate histopathologic diagnosis. 


Four cats were 


are needed for a successful outcome. 


on re- 


1997. The record s and rad iographs of 30 dogs w 1 1h 


sa rco m a a c - 


sarcoma. 
















m 




GENERAL PRINCIPLES 


PROBLEM IDENTIFICATION 
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AND TECHNIQUES 


A proper systematic examination of animals suspected of hav¬ 








mmm 


ing neurologic disorders includes signalment, history, physical 


examination, and neurologic examination. Signalment (i.e 




DEFINITIONS 


age, sex, breed, use of animal), correlated with anatomic local- 


Neurology and neurosurgery have a unique set of terms, the 


izaiion of the lesion, often helps refine differential diagnoses 


definition of which may vary from one neurologist to an¬ 


and ind ica t e app ropria le d iagn ost ic p roced u res* 


other. It is important to establish consistent definitions to 


The history is used to characterize the disorder as acute or 


ensure accurate communication. Flegia and paralysis are a 


chronic, progressive or static, and persistent or intermittent. 


Previous illnesses, vaccination history, and systems evalua 


complete loss of sensory and motor function to the affected 


tion (i.e., gastrointestinal, cardiovascular, urogenital) should 


extremity, while paresis is partial loss of sensation, plus 


complete or partial loss of motor function to the affected ex¬ 


he considered* Owners should he questioned regarding be- 


tremity. Terms used to describe anatomic variations of af- 


havioral changes, seizures, head tilt, circling, 


or other signs o! 


fee ted extremities include tetraparesis (tetraplegia), all four 


cranial nerve abnormalities. Careful historical evaluation for 


limbs affected; paraparesis (paraplegia), both pelvic limbs 


the presence or absence of pain and/or paresis can assist in 




affected; hemiparesis (hemiplegia), front and hind limbs on 


determining differential diagnoses (Table 38-1). If there is 


one side affected; and monoparesis (mon opl egia )>. one limb 


pain, determine its location (i.e., cervical, thoracolumbar, 


lumbosacral, extremity), duration (acute vs, chronic), pro- 


a ffected, 




i 


f 


TABLE 38-1 






Etiology of Spinal Lesions Based on History of Pain and/or Paresis 


ACUTE/STATIC 


ACUTE/PROGRESSIVE 


CHRONIC/PROGRESSIVE 


Vascular 


Degenerative 


Degenerative 


Fibrocartilaginous emboli 
Infarction 


IVD—type I 

Inflammatory 
Diskospondylitis 
Vertebral osteomyelitis 


Cauda equina 
Wobbler syndrome 
Degenerative myelopathy 
Inflammatory 


Trauma 


Fracture/luxation 


Degenerative 


Trauma 
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TABLE 38-2 


Etiology of Spinal Lesions Based on Lesion Location 


EXTRADURAL 


INTRADURAL-EXTRAMEDULLARY 


INTRAMEDULLARY 


Intervertebral disk extrusion 
Vertebral fracture/!uxation 
Extradural neoplasia 
Wobbler syndrome 
Atlantoaxial instability 


Meningeal neoplasia 


Vascular insult 
Fibrocartilaginous embolus 
Parenchymal neoplasia 


Meningioma 

Neurofibroma 


Diskospondylitis 


Vertebral osteomyelitis 


gressio n (p ro g res s i ve vs. stat ic} 3 per sistenc e (per s iste n t vs. i n - 
termittent), and character (sharp vs. dull). It is also impor¬ 
tant tn determine whether affected patients are mono-, para-, 
hemi-, or tetraparetic and whether the paresis is acute or 
chronic, progressive or static, and persistent or intermittent. 
Use of a graph illustrating the patterns of disease may be 
helpful when obtaining a history. Frequently, historical data 
suggest the lesion’s location within the spinal canal (he 
tradural, intradural-extramedullary intramedullary). Typi¬ 
cally patients with extradural spinal lesions have an acute 
onset ol persistent and sometimes progressive pain and 

paresis (Table 38*2). Patients with intradural-extramedullary 

spinal lesions generally have histories of chronic, dull pain 

with slowly progressive paresis. Those with intramedullary 
spinal lesions generally have an acute onset of sudden pain 
and paresis; the pain is short-lived and the paresis is persist¬ 
ent, but not progressive. These are general guidelines, but 
there are some cases that do not fit the classic pattern. 


tory and a general physical examination have been com¬ 
pleted. The neurologic examination should establish the 
presence of neurologic disease and determine its neu- 
roanatomk location. A consistent and methodical approach 
is necessary to prevent oversight of any abnormalities. A 
standardized neurologic examination form will keep the ex¬ 
amination consistent. Serial neurologic examinations are 
used to assess patient status (i.e., improving, static, deterio¬ 
rating). The neurologic examination should be performed in 
a distraction-free area with good footing. Sedatives, nar¬ 
cotics, and/or tranquilizers should not be administered be¬ 
fore examination. However, it is important that the animal 
be relaxed. Begin the examination by evaluating the patient’s 
mental status, posture, and gait. 

Mental status. Allow the animal to move around the ex¬ 
amination room. Mental status may be defined as (1) alert 
(normal); (2) depressed (conscious but inactive; also called 
obtunded); (3) unresponsive to environment; (4) stuporous 
(sleeps when undisturbed; does not respond to harmless stim¬ 
uli such as noise but awakens with a painful stimulus); or 
(5) comatose (cannot be aroused, even with painful stimulus). 

Animals with brain lesions that are unresponsive to their 
environment usually have diffuse cerebral cortical disease. 
Those that are stuporous generally have diffuse cerebral dis¬ 
orders or brainstem compression, while comatose animals 
have complete disconnection of the reticular formation and 
cerebral cortex. 

Posture. Posture is evaluated while the animal is free to 
move about the examination area and can be further as¬ 
sessed by moving the animal into different positions to ob¬ 
serve its ability to regain normal posture. Abnormalities in¬ 
clude head tilt, abnormal truncal posture, improper 
positioning of limbs (proprioceptive deficits), decreased 
muscle tone in a limb (flaccidity), or increased muscle tone 
(spasticity). Continuous head tilts are often associated with 
vestibular abnormalities. Abnormal truncal posture may be 
associated with congenital or acquired spinal cord lesions. 

Gait. Evaluation of an animals gait requires an area with 
good footing. The animal is observed from the side, moving 
toward and away from the examiner, in tight circles, and 
backing up. Neurologic organization of gait and posture is 
complicated, involving brain, spinal cord, and peripheral 
nerves. Proprioception (position sense) is the ability to 


ex- 


PHYSICAL EXAMINATION 


A complete general physical examination should be per¬ 
formed in patients with possible neurologic disease. Some 
metabolic, cardiovascular, and musculoskeletal disorders 
mimic the clinical appearance of neurologic disorders (e.g., 
Addisons disease, toxic pyometra, cardiovascular insuffi¬ 
ciency, bilateral cruciate ruptures). The animal should be 
observed as it moves around the exam room while obtaining 
the history from the owner. Visual difficulties may be more 
apparent when the animal is placed in new surroundings. 
Proprioceptive loss may also be evident, especially on a slip¬ 
pery floor. Purposeful movements should be noted; does the 
animal voluntarily try to move its legs? Certain components 
of the neurologic examination are included in a general 
physical examination, including mental status, gait, posture, 
evidence of trauma* facial expression, and breathing pat¬ 
terns . Move m ent of the t rau m a ti zed pa t ie nt she uld be m i n - 
imbed until the presence of a spinal fracture can be elimi¬ 
nated. A thorough physical examination may help establish 
the presence or absence of neurologic disease. 


NEUROLOGIC EXAMINATION 


The neurologic examination is an extension of the general 
physical examination and is performed after signal men L, his- 
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recognize the location of the limbs in relation to the rest of 
the body. Deficits cause knuckling, misplacement of the foot, 
and/or scuffing of the toenails and may be associated with 
lesions at any level of the spinal cord. Paresis is a deficit of 
voluntary movements; it can be monoparesis, paraparesis 
tetraparesis, or hemiparesis (see above). It is caused by dis 
ruption of the voluntary motor pathways, which extend 
from the cerebral cortex, through the brainstem, and out to 
the peripheral nerves* Circling in tight circles is usually 
caused by caudal brainstem lesions; head tilt in association 
with circling usually indicates involvement of the vestibular 
system. Ataxia is lack of coordination without paretic, spas¬ 
tic, or involuntary movements (although these may be seen 
in association with ataxia). Ataxia can be caused by lesions at 
any level but usually involves cerebellar, vestibular, or spinal 
cord lesions* Dysmetria is characterized by movements that 
are too long (hypermetria) or too short (hypo met ria) and 
are usually caused by cerebellar lesions. 

Palpation. Careful palpation of the musculoskeletal and 
integumentary systems while comparing one side with the 
other is done to check for symmetry. Examiners should look 
for worn toenails, deep and cutaneous masses, deviation of 
normal contour, abnormal motion, or crepitation, and also 
evaluate muscular size, tone, and strength. 

Postural Reactions 

Postural reactions are complex responses (hat maintain an 
animal's normal upright position* Abnormal postural reac¬ 
tions do not provide precise localizing information but may 
indicate neurologic disease. 

Proprioceptive positioning. Proprioceptive position¬ 
ing (knuckling) is performed by Hexing the paw so the dor¬ 
sal surface is on the floor (Fig. 38-1). The animal should im¬ 
mediately return the paw to a normal position. Delayed or 
absent correction of the knuckled paw indicates neurologic 
disease* Worn dorsal toenails, skin abrasions, or calluses on 
the dorsum of the foot may signify long-standing proprio- 

ce p five deficit s. 

Purposeful movement. Purposeful movement is an 
animal’s conscious attempt to move the legs. It is most ap¬ 
plicable to weakly ambulatory and nonambulatory animals 
that drag their legs as they pull themselves along* The legs 
should be watched for movement, including hip flexion and 
pushing off with the feet. Assessment of purposeful move¬ 
ments in non ambulatory paraparetic animals can be done by 
grasping the base of the tail with one hand, lifting the ani¬ 
mal, and walking it around. If the legs hang down, purpose¬ 
ful movements are not present, which implies severe, but not 
necessarily irreversible, spinal cord injury* 

WheelbarrowSng. Wheelbanrowing is performed by 
having the animal bear weight on the thoracic limbs white it 
is being supported under the abdomen. Normal animals 
walk forward with coordinated movements of both thoracic 
limbs* Slow initiation of movement may be due to a cervical 
spinal cord, brainstem, or cerebral cortical lesion. Exagger¬ 
ated movements (dysmetria) may indicate cervical spinal 
cord, 1 ower brainstem, or cerebeliar abnormalities. 


Hopping. Hopping is tested with the animal positioned 
as lor wheelbarrowing, except one thoracic or pelvic limb is 
lifted from the ground. The entire weight of the animal is 
supported on one limb as the patient is moved medially and 
laterally (Fig. 38-2). Poor initiation of hopping suggests pro¬ 
prioceptive deficits, whereas poor movement suggests motor 
deficits. Asymmetry may help lateralize a lesion. Generally, 
testing thoracic limbs yields more reliable information than 


* 


pelvic limbs. 


i 


t 


FIG 38-1 

Proprioceptive positioning. The animal should return the paw 
to a normal position. 
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FIG 38-3 

The hopping postural reaction. 
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Extensor postural thrust. Extensor postural thrust is 
performed by supporting the animal under the thorax while 
lowering it to the floor. When the pelvic limbs touch the 
floor, they should move caudallv in symmetric walking 
movements to achieve a position of support. Patient 
merit is the same as for whedbarrowing. 

Hemistanding/Hemi walking. 


descending motor pathways on the reflex. Three kinds of re¬ 
sponses may be seen: (1) absence or depressed reflex, indicat¬ 
ing complete or partial loss of either the sensory or motor 
nerves responsible tor the reflex {lower motor neuron); (2) 
normal reflex, indicating sensory and motor nerves are intact; 
and (3) exaggerated reflex, indicating an abnormality in the 
descending pathways from the brain and spinal cord that 
mally inhibit the reflex (upper motor neuron). A list of lower 
motor neuron (LMN) and upper motor neuron (UMN) signs 
is given in Table 38-3. In general, the thoracic limb has fewer 
reliable localizing spinal reflexes than the pelvic limb. 

Pelvic Limb 

Patellar reflex. The patellar reflex (Table 38-4) is the 
most reliable pelvic limb reflex. It is performed with the ani¬ 
mal in lateral recumbency. The uppermost leg is supported 
by holding the hock with the stifle slightly flexed. When the 
straight patellar ligament is struck briskly with a reflex ham¬ 
mer (Fig, 38-3), die response is a single, quick extension of 
the stifle. Absence or depression of the patellar reflex (hy¬ 
po patellar reflex) and decreased muscle tone (flaccidity) in¬ 
dicate a lesion ot the sensory or motor component of the re¬ 
flex arc (LMN). Unilateral loss of the reflex suggests a femoral 
nerve lesion, whereas bilateral loss suggests a segmental 
spinal cord lesion involving spinal cord segments L4 to L6. 
Exaggerated reflexes (hyperpatellar reflex) and increased 

muscle tone (spasticity) suggest a lesion cranial to the L4 
spinal cord segment (UMN). 

Withdrawal reflex. Pelvic limb withdrawal reflex ( 
Table 38-4) is performed with the animal In lateral recum¬ 
bency. The least harmful stimulus possible is applied to the 
foot; the normal response is flexion of the entire limb (Fig. 
38-4}. This reflex primarily involves spinal cord segments 

L6 to SI and the sciatic nerve. Absence or depression of the 
reflex indicates lesion of these spinal cord segments 
nerves (LMN). Unilateral absence of the reflex is most likely 


a sses s- 


Hemistanding and 

hemiwaIking are performed by elevating the front and 
limbs of one side so that all the animals weight is supported 
by the opposite limbs. Lateral walking movements are then 
evaluated. Patient assessment is the same as for wheelbar- 


nor- 


rear 


rowing. 

Placing. Placing reactions are evaluated first without vi 
*ion (tactile placing) and then with vision (visual placing). 
During tactile placing, the examiner supports the animal 
der the thorax and covers its eyes with one hand. The distal 
thoracic limbs (at or below the carpi) are brought in contact 
with the edge of a table. The normal response is immediate 
placement of the feet on the table surface in a position that 
will support weight. Visual placing is tested by allowing the 
animal to see the table surface. Normal animals reach for the 
surface before the carpus touches the table. Visual placing 
quires normal visual pathways to the cerebral cortex, com¬ 
munication from the visual cortex to the motor cortex, and 
motor pathways to the forelimb peripheral nerves. A lesion of 
any portion of the pathway may cause a deficit m the placing 
reaction. Normal tactile placing with absent visual placing 
indicates a lesion in the visual system, whereas normal visual 
placing with abnormal tactile placing suggests 
pathway lesion. Cortical lesions produce a deficit in the con¬ 
tralateral (opposite) limb. Lesions below the midbrain 
ally produce an ipsilateral (same side as lesion) deficit. 


un- 


re- 


a sensory 


see 


US Ll - 


Spinal Reflexes 

Spinal reflexes (myotactic reflexes) test the integrity of sensory 
and motor components of the reflex arc and the influence of 


or 


J .E TABLE 38-3 


Comparison of Common Neurologic Findings in UMN and LMN Disease 


SPINAL REFLEXES 


LMN 


UMN 


Patellar 

Triceps 

Biceps 

Pel vie limb withdrawal 
Thoracic limb withdrawal 
Crossed extensor 
Anal sphincter 
Tail wagging 

Strength 
Muscle tone 
Muscle fasciculation 
Muscle atrophy 

Clonus 

Bladder expression 
Root signature 


Absent or depressed 
Absent or depressed 
Absent or depressed 
Absent or depressed 
Absent or depressed 
Absent or depressed 
Absent or depressed 
Absent or depressed 

Poor 

Flaccid 

Present 

Early, neurogenic 

Absent 

Easy 

Present 


Normal or exaggerated 
Normal or exaggerated 
Normal or exaggerated 
Normal or exaggerated 
Normal or exaggerated 
Normal or exaggerated 
Normal or exaggerated 
Normal or exaggerated 

Variable but stronger than with LMN 

Spastic 

Absent 

Late, disuse 

Present 

Difficult 

Absent 
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TABLE 38-4 


Spinal Reflexes 


Patellar reflex 

* Absent or depressed reflex 

Unilateral “femoral nerve 

Bilateral —lesion at spinal cord segments L4-L6 


Exaggerated reflex 

Bilateral “lesion cranial to spinal cord segment L4 


Withdrawal reflex —pelvic limb 

* Absent or depressed reflex 

U n i I a fe ra I—sc 1 at k n erve 

Bilateral—lesion at spinal cord segments L6-S1 

* Exaggerated reflex 

Bilateral —lesion cranial to spinal cord segment L6 


Triceps reflex 

* Absent or depressed reflex 

Lesion in spinal cord segments C7-T1 

Not always reliable 


* Exaggerated reflex 

Bilateral —lesion cranial to spinal cord segment C7 


Biceps reflex 

* Absent or depressed reflex 

Lesion in spinal cord segments C6-C8 
Not always reliable 


* Exaggerated reflex 

BNateraI —lesion cranial to spinal cord segment CS 

Withdrawal reflex—thoracic limb 

or depressed reflex 
Lesion in spinal cord segments C6-T1 
era ted reflex 
oteral—peri 

Bilateral —lesion cranial to spinal cord segment C6 

# 

Anal sphincter reflex 

* Absent or depressed reflex 

Lesion in spinal cord segments S1 -S3 

* Normal or exaggerated refl 

Lesion cranial to spinal cord segment SI 


FIG 38-3 

The patellar reflex is initiated by striking the straight patellar 
ligament with a reflex hammer. 


• Exagg 

Unit 


nerves 


the result of a peripheral nerve lesion, whereas bilateral ab¬ 
sence or depression is more likely the result of a spinal cord 
lesion. An exaggerated withdrawal reflex indicates a lesion 
cranial to spinal cord segment L6 (UMN). 

Thoracic Limb 

Triceps reflex. Triceps reflex (see Table 38-4) is per¬ 
formed with the animal in lateral recumbency. The limb is 
supported under the elbow; flexion of the elbow and carpus 
is maintained. The triceps tendon is struck with a reflex 
hammer just proximal to the olecranon (Fig. 38-5). Normal 
response is slight extension of the elbow. The triceps muscle 
is innervated by the radial nerve, which originates from 
spinal cord segments C7 to fl. The triceps reflex is difficult 
to elicit in normal animals; thus absent or depressed reflexes 
may not indicate an abnormality. However, an exaggerated 
reflex indicates a lesion cranial to G7 (UMN). 

Biceps reflex. To perform the biceps reflex (see Table 
38-4), the index finger of the examiner s hand that is holding 
ihe animals elbow is placed on the biceps tendon cranial and 
proximal to the elbow. The elbow is slightly extended and the 
huger is struck with the reflex ham men Normal response is 
slight flexion of the elbow. This reflex is difficult to elicit in 


the normal animal. Absent or decreased reflexes suggest a le¬ 
sion involving spinal cord segments G6 to T8 (LMN), but 

may be normal in some animals. An exaggerated reflex indi¬ 
cates a lesion cranial to spinal cord segment C6 (UMN). 

Withdrawal reflex. Thoracic limb withdrawal reflex 
(see Table 38-4) is performed in a similar manner as the pelvic 
limb withdrawal reflex (see Fig. 38-4). This reflex primarily 
involves spinal cord segments C6 to TL Absent or depressed 
reflexes indicate a lesion of these spinal cord segments or of 
the peripheral nerves (LMN). Exaggerated reflexes indicate a 
lesion c ran ial to sp ina I co rd se gment C 6 (U MN), 

Other Reflexes 

Anal sphincter reflex. The perineal or anal sphincter 
reflex (see Table 38-4) is elicited by gentle perineal stimula¬ 
tion with a needle or forceps. A normal response is contrac¬ 
tion of the anal sphincter muscle. Sensory and motor inntr- 
















































Chapter 38 


Fi t n da m en t als of Ne u ros u rgery 


1197 


h 


A 


m 






, ik 


A 




* M 


H 












* 






% 














k. 


_ 


O 










I 


f 




? 

.VIA- 


i A, • • - 

,* Nf l* 

■ X H* 








i 




r.- 














> * 






k ^ 


7y 






/ 


« 






*. . 




- V./ -P 


y. s 




¥T< 




V j- • 


. 










r» 


* s 


i 


to 


i 




i 

«, * 


• j 


ft 


€ 




•u 


k; 


=. 


\r 






r % 


A 








... 




* 




1 




• jl!ji 




a 


-n 








a 


i'j 


“I 










iiil 
















i 








4 




■l 












fc- 






* 


♦Vw : 




- *1 
ljiJ 


« 


_ 


i 




? 


./: 










' V>7. 

y ■" 












V 






■ 








* 






b 


l 


FIG 38-4 

The withdrawal reflex (thoracic and pelvic limbs) occurs when 
to the foot The entire limb should Flex, 


noxious stimuli is applied 


a 


l 


vation occurs through the pudendal nerve and spinal cord 
segments SI to S3* I he anal sphincter reflex is the best indi 
cation of functional integrity of sacral spinal cord segments 

Evaluation of this reflex is important 
in animals with urinary bladder dysfunction. It may be ab 

sent, depressed, or normal. Absence or depression of the re¬ 
flex (failure of the 


and sacral nerve roots. 


anus to contract or dilate) indicates 
I sacral spinal cord or pudendal nerve lesion (LMN), 

Bladder expression. The two general components of 
I urinary bladder innervation 

j and pelvic) and somatic (pudendal) 

I clinical observations of bladder dysfunction can be attrib- 
I uted to spinal cord injury based 

iS2 and S3). The pudendal nerve innervates urethral striated 

I muscle and helps maintain urinary continence. A lesion 

| above the 52 and S3 spinal cord segments causes spasm of 

j bladder outflow, making the bladder difficult to 

(UMN). A lesion involving S2 and S3 spinal cord segments 

j causes lack of sphincter tone and an easily expressible blad 

der (LMN). 


a 




are autonomic (hypogastric 

nerves. Simplistically, 


on the pudendal nerve 


FIG 38-5 

The triceps reflex is initiated by striking the triceps tendon 
just proximal to the olecranon. 


exp re ss 


Crossed extensor reflex. The crossed extensor reflex 
maybe observed when withdrawal reflexes are elicited. With 
tile animal in lateral recumbency and legs relaxed, the toes of 
the down limb ( thoracic or pelvic) are gently pinched, elicit¬ 
ing a withdrawal reflex (Fig. 38-6). An abnormal 
extension of the upper limb. The stimulus must be gentle; 
excessive stimulus causes the animal to attempt to right it¬ 
self, negating any findings* The crossed extensor reflex 


suits from a lesion that affects descending inhibitory path 
ways of the spinal cord (UMN)* This reflex is commonly 
associated with severity or chronicity but does not constitute 


a poor prognosis. 

Tail wag reflex. The significan 


ce of tail wagging in pa¬ 
tients with spinal cord injuries is often misinterpreted* Ani- 

a completely transected spinal cord above the 
sacral and caudal spinal cord segments can wag their tails* 


response is 


mals with 


re- 
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eral role, sensory evaluation should be done last. It is per¬ 
formed by applying painful stimuli 
tail. A significant behavioral response (e.g., animal at¬ 
tempts to vocalize, turns to look or bite, or attempts to get 
away from the examiner) indicates the presence of sensa¬ 
tion, Withdrawal of a limb is not a behavioral response. 
Progressively stronger painful stimuli (e.g,, hemostatic for¬ 
ceps) are used to assess presence or absence of deep pain 
perception. As a general rule, loss of function after spinal 
cord injury develops as follows: (1) loss of proprioception, 
(2 ) loss of voluntary motor function, (3) loss of superficial 
pain sensation, and (4) loss of deep pain sensation. There¬ 
fore an animal with spinal cord compression that has lost 
proprioception and voluntary motor function but still has 
superficial and deep pain sensation (paresis) has less severe 
spinal cord damage than one that has lost all four functions 
(resulting in plegia and paralysis). Loss of deep pain indi¬ 
cates a severely damaged spinal cord and a poor prognosis. 
As an animal recovers from spinal cord injury, sensation re¬ 
turns first, followed by motor function and lastly proprio¬ 
ception. Because of the prognostic importance of sensory 
examination, an evaluation of the animal by a second, un¬ 
biased examiner or a repeat of the examination in 1 or 2 

hours is critical 

Hyperpath ia* Hyperpathia is noted when pressure ap¬ 
plied to spinous processes and paraspinal muscles of the 
thoracic and lumbar region and transverse processes and 
paraspinal muscles of the cervical region results in pain and 
a behavioral response (see above) (Fig. 38-7), Pain percep¬ 
tion occurs at the level of spinal cord involvement, making 
hyperpath ia an accurate localizing feature ol the neurologic 
examination. 

Sensory level* Sensory level is determined by pin 
stimulus applied to the skin over the back, beginning in the 
region of the L7 vertebrae and continuing crania!ly. The 
junction between an area of depressed behavioral response 
and one of normal behavioral response is the sensory level 
(Fig. 38-8). Pain perception occurs one or two segments 
caudal to the level of spinal cord involvement. 

Cranial Nerve Examination 

Examination of cranial nerves is important, especially when 
a brain lesion is suspected. 

Olfactory nerve* The olfactory nerve 
conscious perception of smell. Rhinitis, tumors of the nasal 
passages, and diseases of the cribriform plate are the most 
common causes for loss of olfaction. 

Optic nerve* The optic nerve is the sensory pathway for 
vision and pupillary light reflexes. It is examined by means 
of three major tests: menace response (elicited by making a 
threatening gesture with the hand at each eye); visual plac¬ 
ing reaction (see p. 1195); and ophthalmoscopic examina¬ 
tion. Abnormalities include loss of vision, dilated pupils, and 
loss of pupillary light response (direct and consensual} when 
light is shined In the affected eye. 

Oculomotor nerve. The oculomotor nerve contains 
parasympathetic motor fibers for pupillary constriction.lt is 
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PIG 38-6 

A crossed extensor reflex suggests a lesion afflicting 
descending inhibitory pathways of the spinal cord (UMN), 


This reflex wag is often observed when expressing the blad¬ 
der or eliciting the anal sphincter reflex. Tail wagging may 
also be a conscious response to pleasurable stimuli such as 
petting the head, calling the animaTs name, or seeing the 
o w ne r. 


response implies that some spinal 


conscio us 


cord pathways are intact. It is important to distinguish be 


twee n s p ontaneou s (retl ex) and con sc io u s 

Pan nit ulus reflex* Panniculus reflex (cutaneous trunci 


wagging. 


reflex) is elicited by pin-prick stimulus to the skin over the 
back, beginning in the region of the fifth lumbar vertebra 
and continuing cranially Normal response is twitching of 
the cutaneous trunci muscle on both sides of the dorsal mid- 
line, at the point of stimulation and cranial. Absence of a re- 
sp on se o cc urs o n e o r two se g m e nts c aud a 1 to the spInal cord 
lesion. This reflex must be interpreted with some caution; it 
may be unreliab 1 e wit h the excep l i on of b rachial piexus av u 1 - 
sion injuries, where it is consistently absent only on the side 
of the avulsion (ipsilateral). 

Clonus. Clonus refers to a sustained after-contraction or 
quivering that may be seen or felt when performing spinal 
reflexes, especially patellar and crossed extensor reflexes. The 
hand supporting the extremity being tested may feel this re¬ 
action; this reflex is often not visual Presence of clonus im¬ 
plies a chronic condition. 


Sensory Evaluation 


Presence or absence of deep pain perception is the most 

ic examination 


important prognostic test of the neur 
and is a reliable indicator of spinal cord integrity. As a gen 
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Thoracolumbar 


hyperpafhia 
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ii 


Cervical 

hyperpathia 




/ f /’ 


FIG 38-7 

Thoracolumbar and cervical hyperpafhia; digital pressure placed over the A, thoraco¬ 
lumbar paraspinal or B, cervical paraspinal muscles at the site of an extradural lesion 
results in pain and a behavioral response from the patient. C, Pressure placed on epaxial 
muscles is transferred to the entrapped nerve root, causing nerve root compression and 
ischemia; the result is pain and a behavioral response. 












the masticatory muscles. Sensory function is assessed by 
checking pain perception of the tace, eyelids, cornea, and 
nasal mucosa. Bilateral motor paralysis produces a “dropped 
jaw” and muscle atrophy; unilateral paralysis results in de¬ 
creased jaw tone and strength. 

facial nerve* The facial nerve is motor to the muscles 
of facial expression and sensory to the palate and rostral two 
thirds of the tongue. Facial paralysis generally causes facial 
asymmetry (e.g., lips, eyelids, and ears may droop) and loss 
of ability to blink or retract the lips. 

Vestibulocochlear nerve* The vestibulocochlear nerve 
has two divisions: vestibular (which provides information 
about the orientation of the head with respect to gravity) 
and cochlear (which means hearing). Abnormalities associ¬ 
ated with nerve dysfunction include ataxia, head tilt, cir- 
cli ng, nystagm us, an d loss of hearing* 




motor to the extraocular eye muscles and levator muscle ot 
the upper eyelid. After shining a light into each eye, pupils 
are observed for size and symmetry Both pupils should con¬ 
strict symmetrically when a light is shined into either eye 
(consensual response). Abnormalities include loss ot pupil¬ 
lary light response on the affected side (even it light is shined 
in the opposite eye), fixed lateral deviation (strabismus) ol 

the eye, and dilated pupil. 

Trochlear nerve* Lesions of the trochlear nerve cause 
lateral rotation of the eye. 

Abd uc e n t n e rve * Lesion s of the a bd u cen t n e rve ca u s e 
medial strabismus, loss of gaze, and inability to retract the 
globe. 

Trigeminal 

muscles of mastication and is sensory to the face. Motor 

assessing muscle mass and jaw tone of 


The trigeminal nerve innervates 


nerve 


* 


function is tested by 
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FIG 38-8 

A, Sensory level is the junction between on area of depressed or absent sensation and 
area of normal sensation. B 7 Because thoracolumbar nerve roots course caudoventrally, the 
sensory level is one or two vertebral bodies caudal to the spinal cord lesion. 








Glossopharyngeal and vagus nerves* Swallowing 
is controlled by glossopharyngeal and vagus nerves. The 
swallowing reflex is elicited by gentle external pressure on the 
hyoid region. The gag reflex is elicited by insertion of the fin¬ 
ger into the caudal pharynx. The glossopharyngeal nerve is 
motor to pharyngeal muscles* and the vagus nerve is motor 
to pharyngeal and laryngeal muscles. The vagus nerve is sen¬ 
sory to the caudal pharynx and larynx. Abnormalities caused 
by glossopharyngeal and vagus nerve dysfunction include 
loss of the gag reflex, dysphagia, and laryngeal paralysis. 

Hypoglossal nerve* The hypoglossal nerve is motor to 
muscles of the tongue. Abnormalities can be observed by 
wetting the animals nose and observing its ability to extend 


the tongue. Strength of tongue retraction, tongue deviation, 
and presence or absence of atrophy should be evaluated. 








LESION LOCALIZATION 


Once the neurologic examination has been completed, an 
attempt is made to determine a single neuro an atomic loca¬ 
tion that explains all abnormal findings. The lesion is ini¬ 
tially categorized as being located above or below the fora¬ 
men magnum. Lesions suspected of being above the 
foramen magnum are further localized to one of five loca¬ 
tions in the brain: cerebral cortex, diencephalon (thalamus 

and hypothalamus), brainstem (pons, medulla oblongata) 
vestibular, or cerebellum. Table 38-5 lists characteristic ab- 
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TABLE 38-6 


TABLE 38-5 


Location of Spinal Cord Segments Within Vertebral Bodies 


Abnormal Neurologic Findings that Help I ocalize 
Brain Lesions 


GENERAL 

LOCATION 


SPINAL CORD 
SEGMENTS 


VERTEBRAL 

BODIES 


Cerebral cortex 

Altered mental status 

Ipstlateraf circling, pacing, head pressing 
Contralateral postural and proprioceptive deficits 
Contralateral cortical blindness (normal pupils and pupil 
lory light reflexes] 

Contralateral UMN hemiparesis 
Se izu re s 


Craniocervlca 

Caudocervical 

Thoracolumbar 

Lumbosacral 

Sacral 


C1-C5 


C1-C4 

C5-T1 


C6-T2 


T3-L3 


T 2 -13 


L4-S3 


L4-L6 


L5 


L4 


L3-4 interspace 
14 

L4-5 interspace 
15-6 interspace 


L5-16 


17 


Diencephalon (thalamus and hypothalamus} 


Spinal cord ends 


Altered mental status; aggression, disorientation, hyperex 
citabifity, coma 

Contralateral postural and proprioceptive 
Bilateral visual deficits 
Abnormalities of eating, drinking 
lure (hypothalamus) 


deficits 

sleeping, ond tempera- 

Muscle tone, segmental reflexes, and sensation 
unaltered 


sacral (SI to S3) [Fig. 38-9), The ability to predict the 
pected UMN and/or LMN signs with lesions at various lev¬ 
els of the spinal cord improves accurate lesion localization. 

This may be confusing, however, because a single spinal le¬ 
sion can 

groups simultaneously. Fig, 38-9 illustrates locations of var¬ 
ious spinal cord injuries and the expected UMN and LMN 
reactions to the front and hind limbs. In the unusual 


ex 


are 


Brainstem (pon tamed u I la ry) 

Mental status may be unaltered, to severe 
coma 

Ipsilateral UMN hemiparesis or tetraparesis; may circle if 
ambulatory 

Cranial nerve deficits involving cranial nerves V through 

XII 

Trigeminal —motor and sensory 
Abducent—medial stabismus 

paralysis 

Vestibulocochlear—central vestibular signs; hearing las; 

Glossopharyngeal/vagus—dysphagia, reduced gag 

reflex, laryngeal dysfunction 
Hypoglossal —abnormal tongue movement 

Vestibular 

Disoriented or unaltered mental status 
Ipsilateral head tilt, circling, rolling, falling, asymmetric 
ataxia, incoordination 

Nystagmus (spontaneous or positional] with fast phase 
away from the side of the lesion 
ipsilateral ventrolateral strabismus 
Must differentiate central from peripheral vestibular 
disease 

Cerebellum 

Unaltered mental status 

Ataxic gait, wide-based stance, dysmetria, head tremor, 
intention tremor, truncal ataxia 
Visual but may have ipsilateral loss of menace response 
Hypermetric postural reactions, goose stepping gait 
Muscle tone, segmental reflexes, and sensation 
unaltered 


LMN 


UMN to various nerve and muscle 


ression and 


ci r - 

cumstance that an animal has two spinal cord lesions, it is 
important to predict the expected UMN and LMN signs. 
Notice also that if an animal has both an UMN and a LMN 


lesion to a specific site (e.g., 

LMN reflex changes predominate. Lesion localization of 
spinal cord disorders based on neurologic examination find¬ 
ings should not be limited to spinal cord segments (within 
the spinal canal), It is important to be able to localize spinal 
cord segment abnormalities within a vertebral body (Table 
38-6 and Fig, 38-10). Once the neu roan atomic location of 
the lesion has been identified and signalment, history, and 

physical examination findings reviewed, differential diag¬ 
noses and appropriate diagnostic plans can be formulated. 


sites 3 and 4 [see Fig. 38-9]), 


Facial —facial 


DIFFERENTIAL DIAGNOSIS 
OF SPINAL DISORDERS 
AND DIAGNOSTIC METHODS 




Establishing a list of differential diagnoses requires incorpo¬ 
ration of historical as well as physical and neurologic exam¬ 
ination findings. The minimum data required for a diag¬ 
nostic plan include hematology, serum chemistry, and 
urinalysis. These data may vary depending on a differential 
diagnosis, including an electrocardiogram, echocardiogra 
additional laboratory data, and/or chest and abdominal ra¬ 
diographs. Patients suspected of having an intracranial le¬ 
sion may require additional serum chemistry tests, cerebral 
spinal fluid analysis, electroencephalography, skull radi¬ 
ographs, computed tomography (CT scan), and/or magnetic 
resonance imaging (MRI). Those suspected of having a 
spinal lesion may require a spinal series of survey radi¬ 
ographs, myelography, electromyography, CT scan, and/or 
MRL These diagnostic tests should localize an intracranial 




m, 


normal neurologic findings that aid in 
lesions. 

Lesions suspected of being below the foramen magnum 
are further localized to one of five locations in the spinal 
cord: crania! cervical (Cl to C5), caudal cervical (C6 to T2), 
thoracolumbar (T3 to L3), lumbosacral (L4 to S3), and 


localizing brain 
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Lumbosacral 


Cervical 


intumescence 


intumescence 


Expected neurologic 
response 


Spinal cord 
segments 


number 


UMN to the front limbs 
LIMN to the rear limbs 


C1-C5: 


1 


craniocervical 


LMN to the front limbs 


C6-T2: 


2 


UMN to the rear limbs 


caudo cervical 


Normal to the front limbs 
UMN to the rear limbs 


T3-L3; 


3 


thoracolumbar 


Normal to the front limbs 
LMN to the rear limbs 


L4-S3: 


4 


lumbosacral 


Normal to the front limbs 
Normal to the rear 
LMN to the tail and anus 


SI-S3: 


5 


sacra 


The expected reflex response to multiple lesions of the spinal cord 

Expected neurologic response 


Lesion location 


LMN front; UMN rear 
UMN front; 

UMN front; LMN rear 

UMN front; UMN rear; LMN tail and anus 

LMN front; UMN rear 

LMN front; LMN rear 

LMN front; UMN rear; LMN tail and anus 

LMN rear; UMN tail and anus 

UMN rear; LMN tail and anus 

LMN rear; LMN tail and anus 


Site 1 and 2 


Site 1 and 3 


rear 


Site 1 and 4 


Site 1 and 5 


Site 2 and 3 
Site 2 and 4 


Site 2 and 5 


Site 3 and 4 
Site 3 and 5 
Site 4 and 5 


FIG 3S-9 

Expected UMN and LMN reflex abnormalities caused by lesions located in various 
segments of the spinal cord- 


ographs and myelography). The spinal cord, surrounded by 
cerebrospinal fluid (CSF), is encased in an osseous spine 
composed of individual vertebrae connected by complex 

ligamentous structures (Le 
pesos, and diarthrodial facet joints). Each section of the 

cervical, thoracic, lumbar, sacral, and cocq'geal) 


spinal lesion (extradural, intradural-extramedullary, or 

intramedullary); help determine the most effective treat¬ 
ment (medical or surgical); and may suggest an etiology (see 
Table 38-2; Table 38-7). The selection of diagnostic tests de¬ 
pends on historical data (le., pattern of disease progression: 
acute/static, acute/progressive, chronic/progressive) 
logic examination findings (Le 

low the foramen magnum), and initial minimum data 


or 


annulus fibres us, nucleus pub 


■ 1 


spine (Le 

anatomically unique. The complexity of the spine de^ 
mands that careful attention he given to 
ographic technique, positioning, and interpretation. When 
spinal radiographs are taken, the following guidelines 
should be followed: (i) general anesthesia should be used; 


n eu ro - 


- 5 


lesion located above or be¬ 


ts 


IMAGING THE SPINE 


Accurate localization of most spinal disorders can be ac¬ 
complished with conventional radiographs (spinal radt- 


with care to support the spine 


(2) symmetric positioning 
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FIG 38-10 
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Stress Radiography 

Stress radiography may be used in the definitive diagnosis of 
spinal disorders. It is performed by placing various sections 
of the vertebral column in gentle dorsal hyperextension, 
ventral flexion, and/or linear traction. The end result is to 
exacerbate or relieve compressive lesions. This information 
may be important in establishing lesion location and plan¬ 
ning therapy. Stress radiography is most commonly used in 
the diagnosis of atlantoaxial instability (Fig, 38-12), cervical 

vertebral instability, and lumbosacral instability. Perform 
stress radiography carefully so as not to exacerbate the pa¬ 
tient’s neurologic deficits. 


TABLE 38-7 


Differential Diagnosis of Spinal Cord Disorders Based 
on DAMNIT-V Scheme 


p — Degenerative 

Intervertebral disk disease 
Wobbler syndrome 
Cauda equina syndrome 
Degenerative myelopathy 

A—Anomalous 

Atlantoaxial instability 

M — Metabolic 
N —Neoplastic 

Spine 

Spinal cord 
Meninges 

I —Inflammatory/Infections 

Diskospondylitis 
Vertebral osteomyelitis 

T—'Traumatic 

Vertebral fracture/luxation 

V—Vascular 

Fibrocartilaginous embolism 
Spinal cord infarction 


Myelography 


Myelography requires subarachnoid injection ot contrast 
media (lumbar or cisternal) to outline the spinal cord. It is 
indicated when {1) a visible lesion is not identified on sun 
vey radiographs; (2) multiple lesions compatible with the 
neurologic examination are observed; or (3) a lesion is vi¬ 
sualized that is not compatible with the neurologic exami¬ 
nation. Contrast agents used in myelographic procedures 
should be radiopaque, water soluble, miscible with CSF, 
nontoxic, and rapidly absorbed from the subarachnoid 
space. The most commonly used myelographic contrast 
agents are iopamidol flsovue) and iohexol (0mnipaque). 
Appropriate doses and concentrations for each contrast 
agent are given in Table 38-8. A recent study suggested that 
nonionic contrast media up to 350 mg/ml ' iohexol) or 370 
mg/ml (iopamidol) can safely be used for myelographic ex¬ 
aminations, and may provide superior image quality com¬ 
pared with concentrations of 300 mg/nil (see I able 38-8: 

(Fatone G et al, 1997). 

Myelography is performed with the patient under general 
anesthesia. Lumbar (L4 to L5 or L5 to L6) or cisternal punc¬ 
ture can be performed; advantages and disadvantages ot 
each technique are listed in Table 38-9. The skin over the se¬ 
lected site is dipped and prepared for surgery. 

Complications 
iohexol or iopamidol are 
include exacerbation of 


during repositioning Is required; (3) lateral and ventrodor¬ 
sal projections of each section of the spine should be ob¬ 
tained; (4 ) high-quality radiographic film should be used; 
(5) each section of the spine should be radiographed sepa¬ 
rately; and (6) high-contrast radiographic technique (less 
than 60 kVp) with narrow collimation is necessary. Knowl¬ 
edge of normal anatomic variations for each section of the 
spine is mandatory and accurate interpretation must be 
based on minimum data base, historical, physical, and neu¬ 
rologic examination findings. 

Survey Radiographs 

Survey radiographs allow accurate lesion localization if ver¬ 
tebrae or their ligamentous attachments are directly involved 
(he., congenital anomalies, vertebral fracture/luxation, ver¬ 
tebral body neoplasia, diskospondylitis, vertebral body os¬ 
teomyelitis, extruded calcified intervertebral disk). Radi¬ 
ographic signs of spinal disease consist of changes in shape, 
size, alignment, and density (Fig. 38-11), Survey radiographs 
do not allow direct view of the spinal cord. Lesion localiza¬ 
tion in patients with spinal disorders that do not cause visi¬ 
ble changes in the vertebrae (i.e., fibrocartilaginous emboli, 
n eo p 1 as i a o f the s pin al co rd or m en i nges, i nte rvertc b ral disk 
extrusion, cauda equina syndrome, Wobbler syndrome) re- 
q u i res m yel o gr a p hy, CT sc a n, o r M RL 


associated with myelography using 

infrequent {less than 10%) and 
neurologic abnormalities, 
cardiopulmonary alterations, and death. Seizures 
common in patients over 29 kg (72.5 lb) and pa¬ 
th an one injection of contrast 
to obtain diagnostic radiographs. Anesthetic 


seizu res, 
are more 

tients requiring more 

medium 

agent, duration of anesthesia, type of fluid administration, 
and whether surgery is performed immediately after myel¬ 
ography are not factors associated with complications ot 

myelography. 

Cisternal puncture for myelography or CSF 
analysis* Position the patient in lateral recumbency. Palpate 
the wings of the atlas with the thumb and middle finger t and 
palpate the occiput with the index finger i making a triangle 
(Fig. 38-13 /. Gently flex the head and place a 20 - to 22- 
gauge , 1 Y$- to 2V 2 dnch spinal needle with stylet in the center 
of the triangle . Place the bevel of the spina/ needle in the di¬ 
rection of desired flow of contrast medium . 
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FIG 38*1 1 

A, Lateral radiography of a dag with a T6 to T 7 congenital malformation. Notice the 
elongated dorsal spinous processes, collapse of the intervertebral space, and narrowing of 
the spinal canal B, Lateral radiograph of a dog with an L6 spinal fracture. Notice the 
oblique vertebral body and laminar fracture with cranial displacement and overriding. 

C, Lateral radiograph of a dog with L2 laminar neoplasia. Notice the osteoproduction of 
the dorsal lamina (arrow). D, Lateral radiograph of a dog with L3 to L4 disfeospondylitis* 
Notice the lysis of the vertebral endplates, spondylosis, and increased bone density of the 


L3 and L4 vertebral body. 
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FIG 38-12 

A/ Radiograph of a dog with atlantoaxial instability. The head and neck are in normal 
functional position. Ventral flexion of the head and neck reveals an increased space 
between dorsal lamina of Cl and dorsal spinous process of C2, indicating instability. 


olume of CSF for analysis, fc//owed by 


Slowly withdra 

injection of contrast. Elevate the head for 2 to 4 minutes to 
enhance flow of contrast caudaIIy through all sections of the 


pop' is felt as it penetrates 


As the needle is advanced, a 
the dura and enters the subarachnoid space. Return of CSF 


it, 


wav 


confirms proper location of the spinal needle. 


spine . 
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TABLE 38-8 


Contrast Agents Commonly Used in Myelography 


CONTRAST 


DOSAGE 


CONCENTRATION 


MIDRANGE 


MIDRANGE 


AGENTS 


RANGE 


RANGE 


DOSE 


CONCENTRATION 


amidol (Isovue) 


0 


45 


I 


0.33 


o 


m 


m 


m 


Advantages and Disadvantages of Cisternal vs. Lumbar 


r 


CISTERNAL TAP 


Advantages 


Excellent view of cervical 


Disadvantages 


depends 


on 


Contrast may not pass by 


compressive 


rain 


FIG 38-13 


The right and left wings of the atlas and 


pa 
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Lateral view 


Dorsoventral view 


FIG 38-14 

Lumbar spinal puncture is performed at 14 to L5 or L5 to L6. The needle is placed at 
45-degree angle caudally, advanced to the L4 to L5 or L5 to L6 midline and passed 
through the ligamentum flavum and into the dura. The radiograph shows proper needle 

placement for lumbar myelography, 


wider on one projection; this widening may resemble a “golf 
tee” in appearance (Fig. 38-16). From the opposite view the 
contrast column may appear narrower due to spinal cord 
swelling. Intramedullary lesions cause the contrast column 
to become narrower on ventrodorsal and lateral projections 
due to generalized spinal cord swelling (Fig. 38-17). 

Stress myelography. Stress myelography may allow 
accurate spinal lesion location and help determine treat¬ 
ment, It is most commonly used in the diagnosis of Wobbler 
syndrome. Stress myelography is performed by placing seg¬ 
ments of the vertebral column in dorsal hyperextension, 
ventral flexion, and linear traction, thus exacerbating or re¬ 
lieving compressive lesions (Fig. 38-18). It is important that 
stress myelography be performed carefully so as not to exac¬ 
erbate the patients neurologic deficits. 

Other Spinal Imaging Techniques 

Diskography. Diskography is the intradiskal injection 
of a nonionic contrast medium into the nucleus pulposus 
and recording the image with radiography. It is most com¬ 
monly used in the diagnosis of cauda equina syndrome. 

Place 

fee ted disk and inject 0 . 1 to 0.3 ml of contrast medium (nor¬ 
mal disks cause hack pressure a fter 0. / ml). 


Lumbar puncture for myelography or CSF analy¬ 
sis. A successful lumbar puncture requires practice and a 
lumbar spine skeleton for constant referral to anatomic 
structures. Fluoroscopy also simplifies accurate needle place¬ 
ment. Lumbar myelography typically results in the most di¬ 
agnostic myelogram. 

Position the patient in lateral recumbency. Flex the spine , 
palpate the caudal dorsal spinous process of L5 or L6 (L5 in 
a 14 to L5 puncture and L6 in a 15 to L6 puncture J, and place 
a 20- to 22-gauge, 2V 2 ~ to 3Y 2 ‘inch spinal needle with stylet 

at its cauda/ aspect Place the needle at a 45-degree angle 
coudolly and slowly advance cranioventrally and toward /he 

mfcWlne in the direction of the 14 to 15 or 15 to 16 interspace 
(Fig. 38-141 A characteristic "’pop" will be felt as the needle 
penetrates ligamentum flavum and dura. At this point with¬ 
draw the stylet to examine for flow of CSF. If CSF is visible , 

for analysis, then slowly inject the calculated 
dose of contrast, if CSF is not visibly advance the needle 
through the spinal cord until it contacts the floor of the spinal 
canal; occasionally, a tail twitch or leg jerk will result. With - 
draw /lie needle slightly until the flow of CSF is visible . Place 
the bevel of the spinal needle in the direction of desired flow 
of contrast and slowly inject the calculated dose. 


remove some 


spinal needle into the nucleus pulposus of the ah 


Lesions identified bv myelography are ck 
tradural, intradural-extramedullary and intramedullary. 
Each classification has a list ol possible etiologies (see lable 
38-2) and characteristic appearance on myelography Ex¬ 
tradural lesions cause the “contrast column” (subarachnoid 
space) to be elevated away from the spinal canal on at least 
one projection (ventrodorsal or lateral) depending upon lo¬ 
cation of the extradural mass (Fig. 38-15, A). On the oppo¬ 
site view, the contrast column may appear narrower due to 
spinal cord swelling (Fig. 38-15, /3 and C). Intradural- 
extramedullary lesions cause the contrast column to become 


as ex- 


fll i" 8 - 


abnormalities include extravasation of 
contrast medium, indicating disk protrusion, or an irregular 
contrast pattern within the nucleus pulposus and injection 
of greater than 0.1 ml volume of contrast medium, indicat¬ 
ing disk degeneration (Fig. 38-19), Significant complications 
have not been reported with diskography. Diskography is 
contraindicated in patients with diskospondy litis of the disk 
to be injected. 

Epidurography. Epidurography is the injection of a 
nonionic contrast medium into the caudal epidural space 


Ra d i o g ra p h i c 
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FIG 38-15 

Illustrations and examples of myelagraphic findings with 
extradural spinal cord compression. A, Schematic showing 
cross-sectional location of an extradural mass. Bl, Illustra¬ 
tion and B2, myelogram showing L2 to 13 extradural spinal 
cord compression (lateral view]. Cl, Illustration and 
C2, myelogram showing L2 to L3 extradural spinal cord 
compression (ventrodorsal view]. 


FIG 38-18 

Illustrations and examples of myelographic findings with an 
intradural-extramedullary lesion. A, Schematic showing 
cross-sectional location of an intradural-extramedullary 
meningioma. BT, I lustration and B2, myelogram of a 
lumbar meningioma causing intradural-extra medullary spinal 
cord compression (lateral view), C, Illustration of on 
intradural-extramedullary compressive lesion on a 
ventrodorsal view. 
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FIG 38-1 8 
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A, C6 to C7 mass. B, Linear traction results in relief of the 
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FIG 38-17 


Illustrations of myelographic findings with an intramedulla r Y 
lesion. A, Schematic showing cross-sectional location of an 
intramedullary lesion. 8, Illustration of myelographic findings 


with an intramedullary 


is 


FIG 38-1G 


Lateral diskogram of a dog with cauc/a equina syndrome. Notice the irregular contrast 
attem within the 17 to SI nucleus pulposus and extravasation of contrast into the 
umbosacral spinal canal. 
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FIG 38-20 

Combination diskogram and epidurogram in a dog with 
cauda equina syndrome. Notice that the contrast column of 
the epiduragram is compressed at the lumbosacral junction, 


FIG 38-21 


patient with intracranial neoplasia. 


MRI image of 


and recording the image with radiography. It is most com¬ 
monly used in 

Insert a 20- to 22-gauge spinal needle between the dorsal 
lamina of the caudal (coccygeal) vertebra Cd 3-4 
and inject 0 . 15 mg/kg of contrast medium. Take lateral and 
ventrodorsal views; inject additional contrast at the rate of 
0 , / mg/kg if necessory. To accenteate a subtle lesion 
sider taking a lateral view of the lumbosacral s pine in hy¬ 
perextension. 

Significant co mpiicatio n s 

epidurography. Radiographic abnormalities include eleva- 

compression of the contrast column by the spinal le- 

I- 

Intraoperative ultrasonography. Intraoperative ul¬ 
trasonography of patients with lesions of the brain or verte¬ 
bral column can be used to definitively locate the lesion. For 
patients with brain lesions, ultrasonography is performed 

fo 11 o w i ng cranio to my 

Place the transducer directly 

to place pressure in the brain tissues. Assess location , size, 
and echogenicity of the lesion. For patients with vertebral 
canal lesions , perform ultrasonography after dorsal laminec¬ 
tomy or creation of a ventral slot „ Fill the surgical site with 
sterile saline solution to a depth of 3 to 5 cm and immerse 

the head of the transducer in the pool but do not allow it to 

into contact w/fb fhe tissues. Evaluate the near and far 
subarachnoid spaces , spinal cord parenchyma , and central 

I and compare their appearance with the appearance 

of adjacent structures , 

Computed tomography and magnetic resonance 
imaging. Although adequate diagnostic imaging ol the 

usually be accomplished using conventional radi¬ 
ography, CT and MRI are capable of detecting subtle 
changes conventional radiography cannot reveal, 

CT provides a three-dimensional image of structures and 
increased contrast resolution, enabling differentiation of 


the diagnosis of can da equina syndrome. 


soft-tissue structures that cannot be differentiated on rou- 
fine radiographic studies, CT is valuable in diagnosing the 

of spinal stenosis (soft tissue or osseous), interverte¬ 
bral foraminal masses (neoplasia, intervertebral disk [IV Of 
bony proliferation), and helps define the extent and Inva¬ 
siveness of a lesion (i.e., infection, neoplasia, trauma). How¬ 
ever, this procedure is costly and not readily available for use 

in veterinary medicine. 

MRI of the spine results in enhanced soft tissue contrast 
that enables direct visualization of the spinal cord, epidural 
space, intervertebral disks, and ligaments of the spine. MRI 

the diagnosis of lumbosacral stenosis and 

intramedullary tumors (Fig, 38-21). The disadvantages of 
MRI are cost, inaccessibility, and poor resolution at dense or 

cortical bone. 


Cd4-5 


or 


c a u sc 


con- 


not been reported with 


■e 


or 


is most useful in 


IMAGING THE SKULL AND BRAIN 


of the skull and brain is indicated when 


the dura, being careful not 


D i agn osti c im aging 

the neurologic examination localizes a lesion above the fora¬ 
men magnum. Due to the advent of refined diagnostic im¬ 
aging tools such as the CT scan (survey and contrast- 
enhanced) and MRI, there has been marked improvement in 
identification and localization of intracranial lesions. 


on 


Survey radiographs of the skull may help assess patients 
with trauma to the calvarium, middle ear infection, neo- 

mineralization of the calvarium, 

any lesion causing direct involvement of the osseous 

structures of the skulk When skull radiograph 
following guidelines should be considered: (1) use general 
anesthesia; (2) position the patient carefully to display bilat¬ 
eral symmetry; (3) take lateral and ventrodorsal projections; 

high-quality radiographic film. Knowledge oi 
normal anatomic variation of the skull and results of mini¬ 
data base, historical, physical, and neurologic exami¬ 
nations are necessary to allow r accurate interpretation. Sur¬ 
vey radiographs may be normal in patients with significant 


come 


or 


con a 


and (4) use 


i n uni 
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the cranial vault; however, it is expensive and not readily 
available, 

MRI is non invasive, does not require the use ot contrast 
media, and does not expose the patient to radiation. Advan¬ 
tages of MRI over CT are improved anatomic detail of soft 
tissue structures and absence of image degradation due to 

the thick canine calvarium (Fig. 38-23), MRI may be more 
sensitive than CT in diagnosing and localizing brain abnor¬ 
malities in dogs and cats. The greatest limitations of MRI, as 
with CT, are the high cost of equipment and maintenance 

and the lack of availability. 


Su ggested Reading ____ 

Gallagher JG et al: Ultrasonography of the brain and vertebral 
canal in does and cats: 15 cases (1988-1993), / Am Vet Med Assoc 


FIG 30-22 Go n tro st-e n h □ need CT scan of a patient with 
intracranial neoplasia. Note the radiadense mass in the right 
cerebral hemisphere. 


207:10, 1995. 


Reference 


et al: Myeolgraphy in the dog with non-ionic contrast 
media at different iodine concentrations, / Small Anim Pract 
38:292, 1997. 


Selected ab stracts of recent manuscripts _ 

Bienzle D, McDonnell JJ, Stanton JR: Analysis of cere¬ 
brospinal fluid from dogs and cats after 24 and 48 hours of 
storage, / Am Vet Med Assoc 216:1761, 2000. This prospec¬ 
tive study compared differential cell counts and cell charac¬ 
teristics of cerebrospinal fluid (CSF) samples analyzed im¬ 
mediately with those stored for 24 or 
and without the addition of autologous serum, CSF from 36 
dogs and 6 cats were evaluated. The samples were collected 
from the cerebellomedullary cistern and divided into 250-pi 
aliquots. Significant differences in the differential ceil counts 

not detected among samples analyzed before or 
storage. Cells in CSF samples stored with 11% serum more 
closely resembled cells in fresh samples than did cells in sam¬ 
ples stored with 29% serum. The authors concluded that 
CSF samples collected at veterinary clinics remote from a di¬ 
agnostic laboratory or during no nope rational hours may be 
preserved through the addition of autologous serum. Evalu¬ 
ation of such samples is likely to result in an 
nosis for at least 48 hours after collection. 


48 hours at 4 Q C with 


were 


FIG 38-23 


accurate diag- 


patient with intracranial neoplasia. A, C 

radiodense mass in the 


MRI image of 

section, B, Sagittal section revea s a 
ght cerebral n 


ross 


emisphere (arrows). 


Brown DC, Perkowski S: Oxytocin content of the cere¬ 
brospinal fluid of dogs and its relationship to pain induced 
by spinal cord compression, Vet Surg 27:607, 1998. A 

prospective controlled study was performed using 15 purpose- 
bred beagles and 17 client-owned dogs in order to determine 
whether oxytocin exists in the CSF of dogs and whether the 

of oxytocin in the CSF of dogs w ith neck or back 

is significantly dif- 


neurologic deficits secondary to intracranial disorders (e.g, 
hematoma, neoplasia, abscess, hydrocephalus, and inflam 


matory disorders), 

CT provides excellent detail of bone and soft tissue, and 

precise localization of most in- 


amo u n t 

pain caused by spinal cord compression 
ferent than that in the CSF of clinically normal dogs. Results 
of this study showed that dogs with spinal cord compression 

had significantly more oxytocin in 
cally normal dogs. Additionally, dogs with chronic signs had 
significantly more oxytocin in their CSF than dogs with 


allows identification 

traeranial lesions ( Fig. 38-22), Intravenous contrast medium 
can be used in conjunction with CT to enhance identifica¬ 
tion of specific soft tissue structures (e.g 
piasia). CT images can be used to determine the 
lesion and whether or not the calvarium has been invaded. 
This procedure is also valuable for planning approaches to 


i ntr acr an ia 1 neo - 


their CSF than did clini- 
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trast medium at the higher concentration than in the group 
receiving the lower concentration. The results suggest 
high concentration of nonionic contrast media can safely be 
used in dogs and may improve image quality. 

Whittem TL et a I: Effect of perioperative prophylactic an¬ 
timicrobial treatment in dogs undergoing elective orthope¬ 
dic surgery, / Am Vet Med Assoc 215:212* 1999. A random¬ 
ized, controlled, blinded, clinical trial was performed to 
determine whether perioperative antimicrobial prophylaxis 
would reduce the incidence of postoperative infection among 
dogs undergoing elective orthopedic procedures. Dogs of any 
breed undergoing elective orthopedic surgery were randomly 
assigned to three groups: (T) treatment with saline solution, 
(2) treatment with potassium penicillin G, and (3) treatment 
with cefazolin. After the first 112 dogs were enrolled in the 
study, it was found that infection rate for control dogs was sig¬ 
nificantly higher than the rate for dogs treated with antimi¬ 
crobials. Monte Carlo simulations indicated that compared 
with dogs that received antimicrobials prophylactically dogs 
that received saline solution developed infections significantly 
more often. The authors concluded that perioperative antimi¬ 
crobial prophylaxis decreased the postoperative infection rate 
in dogs undergoing elective orthopedic surgery, compared 
with infection rate in control dogs. Cefazolin was not more ef¬ 
ficacious than potassium penicillin G in these dogs. 


acute signs. Both acutely and chronically affected dogs had 
significantly more oxytocin in their CSF than controls. The 
authors concluded that dogs with neck and back pain caused 
by spinal cord compression have significantly more oxytocin 
in their CSF than clinically normal dogs. Additionally, clogs 
with chronic clinical signs have significantly more oxytocin 
in their CSF than dogs with acute clinical signs. Elevation of 
oxytocin in the CNS has been associated with an increase in 
the pain threshold of mice and rats exposed to noxious 
threshold. The authors suggest that intrathecal oxytocin may 
be a logical choice for perioperative analgesia in dogs under¬ 
going myelography. 

Fatone G et al: Myelography in the dog with non-ionic con¬ 
trast media at different iodine concentrations, / Small Anim 
Prac 38:292, 1997. Image quality and side effects were evalu¬ 
ated retrospectively in a 
performed with two nonionic contrast media (iohexol and 
iopamidol) at different concentrations. Side effects during and 
following the procedure were recorded. Image quality was as¬ 
sessed using an arbitrary scoring system and statistical analy¬ 
sis was performed w ith the cross-tabulation test by comparing 
two groups receiving contrast medium at higher and lower 
concentrations. No significant differences in side effects w r ere 
observed between the two groups but the ratings for image 
quality were significantly higher in the group receiving con¬ 


a 


series of 183 m 


yelographic studies 
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CHAPTER 


Surgery of the 


Cervical Spine 


GENERAL PRINC1PLES 


of the cervical spinal 


m 


often require extensive 




fAlI 




AND TECHNIQUES 




Preoperative care of patients with unstable cervical frac¬ 
tures, luxations, or subluxations (e.g„ palpable crepitus, in¬ 
stability) includes cage rest and serial neurologic examina¬ 
tions, A neck brace should be used to prevent movement of 

the cervical spine. Weakly ambulatory 
tetraparetic patients should be secured to a rigid surface 

Plexiglas) until diagnostics have been per- 


DEFINITIONS 


Dorsal laminectomy is removal of dorsal spinous processes, 
lamina, and portions of the pedicles to expose the dorsal as¬ 
pect of the spinal cord and nerve roots. Hemilaminectomy 
and dorsolateral hemilaminectomy refer to unilateral re¬ 
moval of the lateral and dorsolateral lamina, respectively in 

removal of the pedicles and articular facets. 


nonambulatory 


or 


board or 


(e,g 


formed and treatment initiated. 

Spinal surgery generally requires that the spinal cord 

and/or nerve roots he carefully retracted to treat the underly- 

removal of disk material or neoplastic 


addition to 

Foramenotomy refers to the removal of the roof of the in¬ 
tervertebral foramen; facetectomy is the complete excision 
of the cranial and caudal articular facets. Unilateral facetec¬ 
tomy and foramenotomy are commonly performed with 
dorsolateral hemilaminectomy to expose nerve roots. Ven¬ 
tral slot refers to the creation of a bony defect in the ventral 
aspect of a cervical intervertebral space to gain entrance and 
visualization of the ventral spinal canal. The ventral slot pro¬ 
vides limited access to the intervertebral foramen. Fenestra¬ 
tion is the creation of a window or fenestra in the lateral or 
ventral annulus hbrosus to remove nucleus pulpostis from 
the intervertebral space. Tetraparesis is the loss of conscious 
proprioception and variable motor weakness of all four 
limbs; tetraplegia is the loss of conscious proprioception, 

function, and the ability to perceive superficial and 


ing disorder (e. 

lesions, fracture stabilization). Preoperative administration 
of corticosteroids may provide some protection 
structures during surgery; however, they should be used 
cautiously because they may predispose to gastrointestinal 
ulceration/perforation (see p. 1234). Ulceration/perforation 

be associated with the combination of spinal cord 
stress of hospitalization or spinal surgery, and steroid 


to these 


seems to 


trauma, 

administration; the cause remains unknown, however. 

During cervical fracture reduction, hemorrhage as a re- 

both vertebral venous sinuses 


suit of laceration ol one or 


be fatal. Blood should be available for transfusion and 


may 

techniques to control venous sinus hemorrhage should be 

ployed promptly (Table 39-1). These techniques should 

be fo re 


em 


motor 

deep pain in all four limbs. 


be practiced by the surgeon and assistant surgeon 
performing a ventral slot procedure. 


PREOPERATIV1 CONCERNS 


ANESTHETIC CONSIDERATIONS 


Neurologic function and ambulation should be carefully as- 
sessed in patients that require 

Weakly ambulatory or nonambulatory tetraparetic patients 
often have subclinical respiratory compromise 
ventilatory support during surgery. Tetraplegic patients 

ally develop respiratory difficulties 
aphragmatic and intercostal muscle function. Respiratory 

arrest and subsequent death are more common in patients 
undergoing dorsal decompressive 

those undergoing ventral decompressive procedures (e.g„ 
ventral slot, ventral stabilization). Ibis is probably because 
dorsal decompressive procedures are more complicated and 


Animals undergoing cervical spinal surgery should have two 
cephalic catheters placed to allow rapid fluid administration 
should venous sinus hemorrhage occur. Blood for transfu¬ 
sion and mechanical ventilatory support should be available; 
mechanical ventilation or intermittent positive-pressure 
ventilation is necessary in tetraparetic patients. A balanced 
electrolyte solution should he administered intravenously 
during surgery. Intraoperative measurement of direct arte¬ 
rial blood pressure is recommended. Administration of hy¬ 
pertonic saline (4 to 5 ml/kg intravenously) and/or positive 

i not ropes (e 


cervical spinal cord surgery. 


re q u i re 


a result of lack of di- 


as 


laminectomy than in 


dobutamine or dopamine) maybe necessary 
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TABLE 39-3 


; TABLE 39-1 


I echniques for Controlling Venous Sinus Hemorrhage 


Selected Anesthetic Protocols for Dogs Undergoing 
Spinal Surgery 


Before procedure begins: 

1 * Cut several pieces of Gel foam into 5 mm X 5 mm 
pledgets and place them in saline. 

2. Cut 1 or 2 pieces of Cottonoid sponge 
cm and place them In saline. 

3* Have two Brown-Adson thumb forceps readily avail¬ 
able. 

Once venous sinus hemorrhage begins: 

NOTE: This sequence of events should be practiced by 
the surgeon and assistant surgeon before performing a 
ventral slot procedure. 

1. Use suction fo locate the point of hemorrhage [assis¬ 
tant surgeon). 

2. Once the source of hemorrhage is located, quickly re¬ 
move the suction device and place a Gelfoam pledget 
at the site (surgeon), 

3. Place a Cottonoid sponge over the Gelfoam pledget 
(surgeon). 

4. Gently place the suction tip on top of the Cottonoid 


Premeditation 


Methyl prednisolone sodium succinate (30 mg/kg IV) 
dexamethasone (1,5 mg/kg IV) plus axymorphone 
(0,05-0 J mg/kg SC or IM], or butorphanol (0.2-0.4 
mg/kg SC or IM], or buprenorphine [5-15 jxg/kg IM) 


or 


1 cm x 3-4 


Induction 

Thiopental (10-12 mg/kg IV) or propofol (4-6 mg/kg IV) 

Maintenance 

Isoflurane, halothane, or sevoflurane 


TABLE 39-4 


Criteria tor Use of Antibiotics in Neurosurgery Patients 


Prophylactic antibiotics: 

* Geriatric patients (Te., >7 years old) 

* Debilitated patients 

* Clean, open wounds associated with the surgery site 

* Estimated surgical time >90 min 

* "Break" in aseptic surgical technique 

Therapeutic antibiotics: 

* Nonspinal Infection that cannot be treated before sur¬ 
gery (e.g,, severe dental disease, pyoderma, open ap- 


sponge to evacuate blood from the surgical site and 
draw it through the Gelfoam pledget [assistant sur¬ 


geon). 

5, Continue suctioning; apply gentle pressure with the 
suction tip to the Cottonoid sponge until hemorrhage 
subsides. 

6. After hemorrhage is under control, gently remove the 
Cottonoid sponge; leave the Gelfoam pledget to en¬ 
courage hemostasis. 

NOTE: Do not apply suction directly on the Gelfoam pled¬ 
get as it will disappear into the suction device. 


gery (e.g v severe dental dis* 
pendicular Fracture/luxation) 

* Spinal infection requiring surgical intervention (e g., 
diskospandylitis, vertebral osteomyelitis) 

* Contaminated open wounds associated with the surgi¬ 
cal site (e.g,, open vertebral fracture/luxation) 


O TABLE 39-2 


Perioperative Drug Therapy for Hypotension 


of hypotension. Acepromazine is also contraindicated in an¬ 
imals undergoing myelography because it may promote 
seizures. 


Dobutomine 


2-10 ^ig/kg/min IV 


Dopamine 


NOTE * Manipulate the neck carefully in these pa¬ 
tients during anesthetic induction and positioning for 
surgery or radiographs, especially if instability is 
present. 


2-10 pg/kg/min IV 


it bleeding is severe or hypotension profound (Table 39-2). 
A syndrome characterized by paradoxical bradycardia asso¬ 
ciated with hypotension (acute sympathetic blockade) can oc- 

cur intraoperadvely in dogs with acute cervical spinal cord 
trauma. No effective treatment has yet been described. Ani- 

f 

mals undergoing surgery of the cervical spinal cord should 
be premedicated with corticosteroids (methylprednisolone 
sodium succinate or dexamethasone phosphate) (Table 
39-3). Dogs may also be premedicated with an anticholiner¬ 
gic phis oxymorphone, butorphanol, or buprenorphine and 
induced with a th lobar bit urate or propofol. Isoflurane, 
halothane, or sevoflurane is preferred for anesthetic main te¬ 
ll ance. Acepromazin e shou 1 d be a voided beca use of the risk 


ANTIBIOTICS 


Use ol therapeutic or prophylactic antibiotics in cervical 
surgery is based on criteria listed in Table 39-4. Antibiotics 
selected for prophylaxis should be effective against common 
causes of postoperative infection (e.g., coagulase-positive 
Staphyla co ecus, Bsc her i chia co li). C e fazol i n is the antibiotic of 
choice for antimicrobial prophylaxis in patients undergoing 
neurologic surgery because of its low toxicity and excellent 
in vitro activity against these bacteria (Table 39-5). 

Selection of an appropriate antibiotic for therapeutic use 
(i.e., treatment extending for 7 to 10 days after surgery) 
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FIG 39-1 

Distinguishing anatomic landmarks of the cervical spine. 


SURGICAL ANATOMY 




Fl TABLE 39-5 




cervical vertebrae. Knowledge of anatomic 


There are seven 
variation of cervical vertebrae enables localization of af¬ 
fected vertebrae. The anatomy of a typical vertebra consists 

of a body; a vertebral arch, which 
left pedicles and laminae; and various processes (e.g 

spinous, articular* accessory, and mam miliary). The 
first cervical vertebra (atlas) articulates with the skull and 
axis. The dorsal surface of the body of the atlas contains 

(fovea of the dens) that articulates with the dens 


Perioperative Antibiotic Therapy 


is composed ot right and 


Cefoxolin (Ancef or Kefxot) 

/kg IV at induction, repeat at 4* to 6-hr intervals lor 


1 1 a ns - 


-1 


20 m 


v e r se, 


24 hrs 




a 




depression 

of C2, The dens is a cranio ventral, peglike projection from 
the cranial aspect of the vertebral body. The wings of the at¬ 
las are large, lateral projections that 
axis (G2) has a btadelike dorsal spinous process that over- 

bangs the cranial and caudal articular surfaces ot the verte¬ 
bral body. 

For dorsal laminectomy, the dorsal spine 

landmark, often overshadowing a short, rudi- 

prominent 

processes (Fig. 39-1). U3 
difficult to differentiate. 


5 TABLE 39-6 


easily palpated. The 


are 


Antibiotics Used in Animals Undergoing Spinal Surgery 


Cefazolin (Ancef, Kefzol) 

IM tid 


20 mg/kg IV or 

Amoxicillin plus clovglonate (Clavamox) 

Dogs—12.5-25 mg/kg PO bid 
Cats—62.5 mg PO bid 


of C2 is a dis¬ 


tinguishing 

mentary C3 dorsal spinous process 

of the dorsal cervical spinous 
through C5 differ slightly and are 

C6 and C7 have fairly prominent dorsal spinous processes 

that slope cramally The dorsal spinous process 
prominent, easy to palpate, and allows identification of the 
adjacent but much shorter cranially facing dorsal spinous 

process of C7 (see Fig, 39-1). 

For ventral procedures, landmarks that can be used to 

identify the affected intervertebral space are the prominent 

transverse processes (wings) of U6 and the prominent ven- 

of CL. The prominent ventral annulus 

the midline at the 




Enrofloxacin (BaytrilJ 


2.5-10 mg/kg; PO bid 


of T1 is 


Cepholothin (KeflmJ 

20 mg/kg IV or IM tid to qid 


the most probable pathogen. Selection 


should be based on 
best determined by culture and susceptibility testing; how- 

empirical antibiotic selection 
studies of similar cases or on data accumulated from practice 
records. The most common cause of postoperative wound 

infection in neurologic surgery is 
fore antibiotics of choice include cetazolin, amoxicillin- 

clavulanate, enrolloxacin, or cephalothin (table 39-6 h 


be b a sed o n p ubl i s lie d 


spinous process 

of the C5-C6 intervertebral space lies 
most cranial aspect of the transverse process of C6 (see Figs. 

and 39-2), The prominent ventral spinous process of 
palpable just cranial to rhe C1-C2 intervertebral space 


can 


ever. 


on 


39-1 


Staphylococcus spp.; there - 


(Fig. 39-3), 
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SURGICAL TECHNIQUES 


Ventral 


Patients with surgical disorders of the cervical spine may be 
treated by ventral decompression via ventral slot, fenestra¬ 
tion n dorsal laminectomy^ dorsolateral hemilaminectomy, or 
cervical stabilization via a dorsal or ventral approach. Pa¬ 
tients with cervical disk extrusion or cervical vertebral insta¬ 
bility should be positioned with the neck in linear traction, 
This manipulation may enhance visualization of herniated 
disk material by widening the intervertebral space, or it may 
decompress the spinal cord during surgery in animals with 
cervical vertebral instability. Patients with atlantoaxial insta¬ 
bility or cervical fracture/luxation should be positioned so as 
to reduce the subluxation or fracture (e.g,, linear traction, 
gentle flexion, or extension) and encourage decompression of 
spinal cord and nerve roots. Patients requiring dorsal or dor¬ 
solateral decompression arc positioned with the neck gently 
flexed to open the articular facets and interarotate spaces fa¬ 
cilitating laminectomy, foramenotomy, and facetectomy. 


Transverse process 

of C 6 




c 5 -c 

interspace 


6 


T 


A 


Dorsal 

spinous 

process 






Dorsal 




NOTE • Pay special attention to how the patient is 
positioned for surgery because proper positioning of 
the cervical spine Es critical. 


i 


4 


I 


B 


Ventral 5lot 


Ventral 

median 


I 








Ventral slots are used to gain entrance and visualization of 
the ventral cervical spinal canal for decompression of pa¬ 
tients with cervical disk protrusion ( Fig. 39-4). They provide 
limited access to the intervertebral foramen. Ventral slots are 










often combined with stabilization procedures in animals 
with cervical vertebral instability (see p. 1245). Surgical ex¬ 
posure of the ventral aspect of the cervical spine without 
creating a slot is used for cervical disk fenestration and some 
cervical stabilization techniques (e,g., atlantoaxial instability, 

fracture/luxation). Ventral slots may be combined with fen¬ 
estration. Ventral slot procedures require minimal dissection 
through normal tissue planes and minimal disruption or 
normal anatomic structures. They provide adeq 
zation of the spinal canal and access to the intervertebral 
fo ra mina. M inimal manip u 1 at i o n of t h e sp i n al cord is neces¬ 
sary, and recovery Is generally rapid with few complications 
Operative time is less than that required for dorsal exposure 
of the cervical spine. 

During the procedure, bipolar cautery, bone wax, 
Gelfoam pledgets, Cottonoid sponges, and suction are used 
to ensure the meticulous hemostasis necessary to adequately 

visualize and control venous sinus hemorrhage. Bipolar 
cautery helps control hemorrhage in soft tissues surround¬ 
ing the bony defect. Bone hemorrhage may be encountered 
the cancellous layer of the vertebral body is drilled, it 
bleeding is excessive, bone wax may be pressed into the 
bleeding surface to provide adequate hemostasis. Once the 
spinal canal is reached, inadvertent damage to the vertebral 
venous sinuses must be avoided while obtaining appropriate 

a venous sinus is lacerated, suction, Gelfoam 
















FIG 39-2 

A, Relationship of intervertebral space C5-C6 to the 
prominent transverse processes of C6, B, Notice the 
prominent ventral median ridge of cervical vertebral bodies. 
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Caudal 


expos u re, 

pledgets, and Cottonoid sponges are used to control hemor¬ 
rhage (see fable 39-1). Once severe hemorrhage from a lac- 


FIG 39-3 

Prominent ventral spinous processes of CL 
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raphe and cut their tendinous insertions 

processes of affected vertebrae. Subperiosteally elevate 
longus colli muscle from the ventral 

tebral bodies or directly adjacent to involved intervertebral 
spaced Insert Gelpi refractors to hold the longus col If mus- 

core to protect the carotid 
s heath and esophagus from inadvertent damag 
lously control hemorrhage to prevent pooling of blood in th 
slot to be created. Remove the ventral spinous process of af¬ 
fected vertebral bodies 


the ventral spin- 


on 


Cranial 


ous 


of affected 


sur 


ver- 


\l 




cles opart (Fig. 39-6} but take 


e. Meticu * 




e 


with 


rongeurs. Excise the 

nulus fibrosus with a No. 11 scalpel blade. Remember that 
intervertebral spaces of cervical vertebrae have 
caudal-to-cranial angle that must be compensated for when 
making this cut (Fig. 39-7). Remove the entire ventral 

I us fibrosus and any disk 


an- 




a s 




a n n u - 


material present with 
rongeur or dental scraper. Use a high-speed pneumatic drill 
with assorted sizes of carbide and diamond head burrs to 


disk 


a 




\ne rectangular defect in the bodies of the two 
vertebrae at the level of the affected intervertebral space . Be 
sure to remain on midline throughout the procedu 
lacerating the laterally located vertebra/ artery and vertebral 
venous smuses (Fig. 39-8). Use frequent irrigation with phys¬ 
iologic saline solution to dissipate heat, prevent burning 
bone , and keep tissues moist Do not per for 
ing drilling because visualization of slot depth is difficult 
when the drill aerosolizes saline. Extend the slot no further 
laterally than one half the width of the intervertebral space 
(Fig. 39-9) t Because of the caudal-to-cranial angle of the 
cervical intervertebral spaces, center the slot slightly toward 
the cranial vertebral body (Fig. 39-10). This 

will be centered directly over the intervertebral space when 
the spinal canal is readied. To prevent inadvertent laceration 
of vertebral venous sinuses, extend the slot 
quarter of the length of the vertebra 

(see Figs. 39-8 through 39-10). 

Gauge the depth of the slot by visualizing three distinct 
layers of bone while drilling. First, penetrate the hard outer 
cortical layer of the vertebral body (the white cortical bone 
exposed when the longus colli muscle is elevated from the 
vertebral body). Next , visualize the softer ; more hemorrhagic 

layer just below the outer cortical layer. This layer is 
more easily drilled than the outer cortical layer. Drill the 
outer cortical and marrow layers with 4- to 5-mm diameter 

carbide burrs . Finally, visualize the 1 - to 2-mm-thick inner 

cortical layer of the vertebral body ; Once this layer has bee 

reached[ drill carefully, using gentle * paint-brush * strokes 
wi th 


create a 


to avoid 


re 


Caudal 




FIG 39-4 


irrigation dur 


Proper size and location of a comp 

cranial 


leled ventral slot., Notice 
to the intervertebral 


m 


that the slot is centered just 


space. 




crated venous sinus has occurred it is besi Lo avoid further 


manipulation in the spinal canal because continued hemor- 
i'hage p reven ts adequate visuali zation. If hemorrhage can be 
lateralized and adequately controlled, it may be possible to 
manipulate within the spinal canal from the opposite side of 


ensures 


th e si o t« 


no more rnon one 

or caudally 


cran ia lly 


Clip and prepare the neck from midmandible to caudal to the 
manubrium sterni for aseptic surgery. Position the animal in 
dorsal recumbency with the chest in a V trough „ Tope the front 
legs caudally and tie the head cran tally. Apply mild linear 
neck traction to help stabilize the cervical spine and slightly 
distract the intervertebral spaces (Fig. 39-5). Make a midline 
ventral incision from the caudal aspect of the thyroid cartilag 
to the manubrium sterni (determine the exact length of the in¬ 
cision by the location of the involved intervertebral space 

spaces). Separate the paired sternohyoid and ste mama staid 
m uscles 


e 


marrow 


or 


their midline. Identify the esophagus and trachea 
and digitally retract them to the left. Locate the carotid sheaths 
bilaterally and digitally retrod them. Determine the location of 
the affected intervertebral space by palpating the prominent 
transverse processes (wings) of C6. Locate the prominent 
tral annulus of the C5 C6 intervertebral space just midline of 
the most cranial aspect of the transverse process of C6 (see 
Fig. 39-2) Alternatively identify the affected intervertebral 

prominent ventral spinous process of 


on 


n 


a 2- to 3-mm-diameter diamond burr. Take care not to 

break into the spinal canal abruptly. After penetrating the in¬ 
ner cortical layer, use a 3-0 or 4-0 bone curette to enlarge 
the defect (Fig. 39-11). Carefully curette the dorsal annulus 
fibrosus and periosteum to expose the dorsal longitudinal 
ligament. Curette the inner cortical layer of bone to a diam¬ 
eter sufficient to allow removal of the herniated disk but 
avoid excessive lateral curettage lest laceration of a verte¬ 
bra/ venous sinus occurs (see Fig. 39-8). Once exposure is 
adequate, carefully remove the dorsal longitudinal ligament 
with fine ophthalmic forceps and a 


ven- 


space 

Cl (thus identifying the C1-C2 intervertebral space) and 
counting caudally (see Fig . 3 9-3}, 

Once the involved intervertebral space has been located, 
bluntly separate the longus colli muscles along their median 


No. I 1 scalpel blade 














FIG 39-5 

To position the animal for a ventral approach to the cervical vertebrae, place the neck in 
mild linear traction. 
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FIG 39*7 

A, Note the slight cranial-to-caudal angle of the cervical 
vertebral interspaces, B, To excise the ventral annulus, the 
scalpel blade should be inserted at this cranial-fo-caudal 

angle. 


FIG 39*6 

After elevating the long us colli muscle from the ventral 
surface of affected vertebral bodies, use Gelpi retractors to 
hold the muscles 
carotid sheath or esophagus. 


to avoid damagi ng the 


apart. Take 


care 
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FIG 39-8 

A, Cross-section of the cervical spine showing vertebral venous sinus and vertebral artery 
relative to the intervertebral disk and spinal cord; width of the slot is determined by this 
relationship. B, Laminectomized cervical spine showing the shape of vertebral venous sinus 

dorsal longitudinal ligament relative to intervertebral spaces; length of the slat is 
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determined by this relationship. 
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FIG 39-9 

Proper dimensions of a ventral slot, based on length and 
iath of the vertebral body* 


FIG 39-10 

Cranial and caudal extent of the ventral slot defect, based 
an caudal-tocranial angle of the intervertebral space. 
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PART V Neurosurgery 
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FIG 39-12 


The dorsal longitudinal ligament is grasped with ophthalmic 
forceps and incised with a No. 1 1 scalpel blade. 
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The proper depth of the ventral slot defect is determined by 
identifying outer cortical, medullary, and Inner cortical layers 
of bone; once the inner cortical layer is reached, use a No. 
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fa the spfna/ can a/ /Fig. 39- / 2). Determine 
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adequate decompression of the spinal cord by visualizing 


FIG 39-13 


the characteristic bluish hue of dura mate ?r (spinal cord) 


Decompression is complete when the spinal card is visualized. 


through the slot (Fig. 39-13). Ensure adequate visualization 


during manipulation of neural structures. Before closure, i 


ir¬ 


rigate the wound with physiologic saline solution to dislodge 


rate long us colli muscle only at each intervertebral space. 


any remaining bone fragments from soft tissues. Do not fill 


Expose ventral annulus fibrosa s with a periostea/ e/e voter 


the slot with bone graft , fat 


Gel foam. Appose paired 


Use a No. 11 scalpel blade to excise a large, wedge-shape 


, or 


piece of ventral annulus fibroses (Fig. 39- J 4). Ha/d the 


longus colli muscles with simple interrupted sutures. Close 


subcutaneous tissues and skin routinely. 


scalpel at the proper craniahfo-cauda! angle to facilitate 


ctsion of ventral annulus and removal of nucleus pulposus 


Cervical Disk Fenestration 


(see Fig. 39-7). Remove nuclear material with an ear loop, 


tartar sere:per, or small bone curette (4-0 


5-0), TaJce care 


Cervical disk fenestration is performed from intervertebral 


or 


to prevent dorsal extrusion of disk fragments into the spinal 


spaces C2-C3 through C6-C7. It is not indicated for patients 


canal. Close 


described above for ventral slot . 


with disk material that has herniated into the spinal 


ca n a 1 


or 


as 


intervertebral foramen; however, it may benefit patients with 


Dorsal Cervical Laminectomy 


diskogenic pain. There is some suggestion that fenestration 


and Hemilaminectomy 


of alternate disk spaces after ventral slot may decrease recur 


rence of disk herniation; however, this is controversial. The 


Dorsal cervical laminectomy is the removal of dorsal lamina 


author does not recommend disk fenestration after ventral 


from cervical vertebrae to expose the spinal cord {Fig. 


slot procedures. 


39-15). Laminectomy is generally indicated when lesions are 


located in the dorsal or lateral spinal canal, whereas ventral 


Position and prepare the patient for surgery 


des c ribed 


slot (described above) is generally indicated when the com¬ 


as 


above. Make an incision from the thyroid cartilage cran sally 


pressive lesion is located in the ventral spinal canal. Thespe* 


to the manubrium stemI caudaIly. Expose each intervertebral 


cihc laminectomy procedure used (Le.> cranial cervical, mid- 


space in a similar fashion as the ventral slot; however ; sepa- 


cervical, caudal cervical) depends on location and cause of 
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FIG 39-16 


FIG 39-14 

Cut a large rectangular window (Fenestration) into the 
ventral annulus fsbrosus to allow exposure and removal of 

nucleus puiposus. 


Dorsolateral hemilaminectomy with facetectomy exposing the 
intervertebral foramen and exiting nerve root. 
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FIG 39-17 

To position an animal for cranial cervical laminectomy, 
gently flex and support the neck. 
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Dorsal approach to the cranial cervical spine (Cl- 

C2). Perform cranioI cervical laminectomy with the patient in 

neutral position. 
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supported by a rolled fleece or 

type of apparatus {Fig, 39-17), Make a dorsal midline 
incision from the occipital protuberance to the dorsal spinous 
process of C4. Expose the median fibrous raphe between 
paired splenius muscles and dorsal cutaneous branches of 
the cervical nerves, Use these structures as a guide to perform 
midline dissection (Fig. 39-18), Divide the splenius muscles 

the spinous process of C2 and retract them laterally in¬ 
cise para spinal epaxial muscles 
process of C2 and reflect them from the spine and dorsal 

laminae with a periosteal elevator Elevate muscle to the level 
of C2-C3 articular facets caudally and the ventral aspect of 
the ChC2 intervertebral foramina cronially (Fig, 39-19), If a 
hemilaminectomy is performed, elevate muscle only on the 
side to be exposed. Use self-retaining retractors to facilitate 

At the cranial end of the dissection, elevate muscles 
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FIG 39-1 5 

Cervical laminectomy of C4-C5. 
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the compressive lesion. Dorsolateral hemilaminectomy and 
facetectomy is removal of right or left dorsal lamina 
tiem of the right or left pedicle, and portions of the articular 
facet from affected vertebrae (Fig, 39-16). 


tn- 


, a 


pe- 


iid- 


expos u re, 

from the dorsal atlantoaxial ligament; wide elevation of 


r of 




























1222 


PA RT V Ne u ros u rge ry 




Dorsal cutaneous 
branches of 


Splenius muscle 


i 


k 


I 




retracted 


muscle 




w 


\ 


s 






1 


s 


s 


\ \ 




I 




. / / 








' \ 




/ 


I 




/ 




\ 


i 




i- 




/ 






V 


w 




v. 






\ 








S 
















i 






i i 


\ I 






u 








i 




i 






i 








j 














N 






t 






* 




-■ 








% 




I 


✓ 




« 


' 


\ 






\ 




I 


\ 


I 


1 

■a 




t 


i 




\ 


\ ' 


Median 

fibrous 

raphe 


Biventer 


Platysma 

muscle 




cervicus muscle 




Dorsal spinous 

process of 0 2 












FIG 39-18 

During cervical laminectomy, dissect 
superficial cervical musculature to e> 
and cutaneous nerves. 
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During cranial cervical laminectomy, elevate muscle From the 
spinous 
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FIG 39-30 

Appearance of a completed C2 dorsal laminectomy, hemilaminectomy, and laminotomy. 








muscles from the dorsal arch of Cl may be performed[ ch¬ 
on needed exposure. Caudally f elevate muscle until 
the multifidus muscle and nuchal ligament are exposed (see 
Fig. 39-19). From this point, perform a hemilaminectomy dor¬ 
sal laminectomy or axial laminotomy as needed (Fig. 39-20) 
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FIG 39-21 

To position an animal for midcervical dorsal laminectomy place the 
animal in sternal recumbency and flex the neck over padding. 
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FIG 39-22 


dorsal midcervical 


A, Identify the median fibrous raphe and nuchal ligament durin 

as landmarks, B, Elevate the cervical musculature from dorsa 

spinous processes and laminae of C3, C4, 






laminectomy and use 


em 


and C5. 


fibrous ropbe and use it as a landmark for midline dissection 
to the nuchal ligament (Fig, 39-22). Incise along one side of 

the nuchal ligament and between paired bellies of epaxiol 
muscles. Identify appropriate anatomic landmarks and 
periosteal elevator to 


open fnferarcirate spaces (Fig. 39-21). Position the patient 
fully to improve palpation of important anatomic land- 


care 

marks and enhance visualization of interarcuate ligaments. 
Make a dorsa/ midline incision from the occiput to the spin 
process of the first thora c ic vertebra. Identify the m edian 


use a 

remove epaxial muscles from dorsal 


ous 
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spinous processes and lamina of affected vertebrae. Dissect 
to the level of the articular processes; this depth is sufficient 
to perform deep dorsal laminectomy and avoid the vertebra I 

a rfenes . 


smaller dorsal spine of C7 (about half of the height of 11} 
to determine specific anatomic location (see Fig. 39-1 
p. 1215), Use a periosteal elevator to expose dorsal spinous 
processes and laminae of affected vertebrae. Remove dorsal 
spines of TI through T3 (as needed) for dorsal laminectomy. 
This will have minimal effect on spinal stability as the nuchal 
ligament is continuous with the supraspinous ligament Ex¬ 
cise interarcuote ligaments between C6 and T1 (as needed) 
with a No. 1 I scalpel blade to expose the spinal cord. 

Specific laminectomy techniques are described below. 

Close the surgical wound by suturing epaxial muscles to the 
tendinous raphe or nuchal ligament in their respective lay¬ 
ers. Close subcutaneous tissues and skin routinely. 

Dorsolateral approach to the cervical spine* Dor¬ 
solateral hemilaminectomy is removal of dorsal spinous 
processes, the dorsolateral portion of lamina, and dorsal ar¬ 
ticular facets of affected vertebrae. It is indicated in patients 
with compressive lesions of the lateral aspect of the spinal 
canal and intervertebral foramen. 


on 


Specific laminectomy techniques are described below. 


Close epaxial muscles to the tendinous raphe 
ament in their respective layers. Close subcutaneous tissue 


echo I lig 


or n 


and skin routinely. 


Dorsal approach to the caudal cervical spine (C5 
to T3). Because the scapulae are closely associated with the 
caudal cervical spine and the vertebral laminae are located 
deep in epaxial muscles, positioning to enhance exposure is 
rec o m ni en d ed. 


Position the patient in sternal recumbency. To encourage el¬ 
evation of the C6-C7 dorsal spinous processes and laminae , 
cradle the neck by gently flexing and elevating it over rolled 
fleece > sandbags, or a rigid 

39-23). Position the front legs against the body to encourage 
ohduction of the scopulae from the m f dline. Do this erther by 
positioning the legs close to the body with sandbags or by 
tying the front legs across the table (see Fig. 39-23). Make 

dorsal midline skin incision from the mldcervical region to 
the dorsal spinous process of T3. Locate the fibrous median 
raphe and continue mid line dissection through epaxial 
cles. Retract epaxial muscles with self-retaining retractors to 
enhance exposure of dorsal spinous processes. Palpate th 
prominent dorsal spinous process of T1 and cron tally slanted 


type of apparatus (Fig, 


vac u um 


Position the patient in sternal recumbency with the head and 
neck slightly flexed and elevated. Make a dorsal midline skin 
incision centered over the affected vertebrae, identify the 
dian fibrous raphe and expose the dorsal spinous processes 
via midline dissection T Elevate epaxial muscles from the dor¬ 
sal spinous processes i, lamina , and dorsal articular facets of 
affected vertebrae . Continue dissection and periosteal eleva¬ 
tion on the lateral aspect of the articular facet and interverte¬ 
bral foramen to provide full visualization of the lateral aspect 
of the vertebral body. Carefully dissect and identify the verte¬ 
bral artery before examination of the intervertebral foramen , 

Specific laminectomy techniques are described below. 

Close epaxial muscles to the tendinous raphe in their respec¬ 
tive layers. Close subcutaneous tissues and skin routinely 
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NOTE • Performing q dorsolateral hemilaminec¬ 
tomy and Facetectomy with rongeurs requires careful 
dissection and visualization of the lateral aspect of 
the facet joint. 


i 


•hr 


< 


ft 


> 


i I 


v*-.- 


I il 


I I 


J 


fafl 


// 


rin 

■ iii 


a- - 


- ■ 


r* 


■ -■ 


ii 


- 




I - 


i 




j r 




. -s 


- ■ 




1 


1 


i 


ST 


X 


X 


Laminectomy and laminotomy techniques. 

Laminectomy is performed with a high-speed pneumatic 
bone drill, rongeurs, or both. Laminar thickness varies with 
patient size; larger patients generally have thicker lamina, 
Vertebral and laminar density varies with age; older animals 
tend to have denser, more compact bone. Disadvantages of 
dorsal laminectomy and dorsolateral hemilaminectomy in¬ 
clude severe disruption of hard and soft tissues, prolonged 
operating times, poor visualization of ventral and ventrolat¬ 
eral lesions, and excessive spinal cord manipulation to ap¬ 
proach the floor oJ the spinal canal. It is most efficient to use 
a high-speed pneumatic drill in conjunction with rongeurs 




/ 


v 


FIG 39-23 


To position an animal for caudal cervical laminectomy, 
cradle the neck, gently flex if and elevate if over a rolled 
fleece, sandbags, or a rigid vacuum type of apparatus 
Position the front legs against the body with sandbags or tie 
them across the table. 
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drilling. Once the inner periosteal layer is reached , 
to I spatula and fine ophthalmic forceps to explore the spinal 
canal and intervertebral foramen . identify the vertebral artery 
located ventral to the intervertebral foramen before manipu 
lating the nerve roots and spinal cord (see Fig. 39-8). When 
using rongeurs to perform laminectomy procedures , carefully 
dissect the interarcuate ligament with 
ophthalmic forceps to expose the in ter vertebra I space and 
laminar edge. Accentuate the exposed laminar edge by 
grasping its dorsal spinous process with towel clamps and 
gently elevating the lamina (Fig, 39-26). Carefully place 
rongeurs on this edge and remove lamina to expose the spinal 
canal and spinal cord. Dissect interarcuate ligaments from C6 

to TI to expose the spinal canal and spinal cord. 


a den 


to perform dorsal cervical laminectomy, C2 laminotomy, 
and dorsolateral hemilaminectomy and facetectomy. 

First use a high-speed drill with selected carbide and diamond 

head burrs to enter the spinal canal , Then use rongeurs to 
carefully increase exposure by nibbling away bone from the 
dri I led edge . Remove dorsal sp inou $ p recesses of a ffacted ver¬ 
tebrae with rongeu rs , When us ing a h ig h - speed dri //, iden tify 
laminectomy depth by visualizing the white outer cortical 
byer f the so fter red medullary layer ; o nd the white inner cor¬ 
tical layer. Drill the first two layers using 4- to 5-mm carbide 
burrs (Fig. 39-24, A). Once the inner cortical layer is reached , 
use o gentle paint-brush technique with a 2 - to 3-mm 
mond head burr to expose inner periosteum. Gently elevate 
periosteum and remaining interarcuate ligament with o dental 
spatula to expose spinal canal and spinal cord (Fig. 39-24 , B 

and Cj . When performing C2 laminotomy, use a high-speed 
drill with a 2-mm carbide burr to make fine laminar cuts as 
necessary to e/e vote the dorsal spinous process and allow its 
replacement after exposure of the spinal canal and spinal 

cord (Fig. 39-25). When performing dorsolateral hemil 

aminedomy, use a high speed drill with 4- to 5-mm carbide 
and 2- to 3 - mm diamond head burrs to remove lamina and 
articular facets. Carefully identify outer cortical, marrow , and 
inner cortical layers of lamina and articular facets while 


No. 15 blade and 


a 


d ia - 


Use of a high-speed drill is recommended. 


NOTE * 


Cervical Spinal Stabilization 

Cervical spinal stabilization is a technique used to repair a 
ce r v ica i frac t u re/ i uxa tion, m al form a do n, malar t k ul at io n, or 
congenital subluxation resulting in spinal instability. Stabi 
lization can be accomplished by various techniques, includ 
ing pins and methylmethacrylate bone cement, screws, Lubra 

and orthopedic wire. Surgical exposure is 
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FIG 39-24 


pneumatic bone drill to expose outer cortical, medullary and inner cortical layers 
of laminar bone. B> Elevate periosteum with a dental spatula to gain exposure to the spinal 
cana I. C, Expose the spinal cord and nerve roots. 


A, Use a 
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FIG 39-25 


For C2 Jam \ notomy, A, measure the dorsal spinous process of C2 to ensure three quarters 
of its length is removed. Use a high speed pneumatic drill to make the fine laminar cuts 
needed to elevate the spinous process of C2. B, Use bone cutters to transect the spinous 
process and laminar bone at predetermined sites, C, Retract the spine and lamina of C2 
cranially, using the atlantoaxial ligament as a hinge. D, Wire the dorsal spinous process 
and lamina in place after examining the spinal cord. 
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TABLE 39-7 


Special instruments Necessary to Perform Cervical 
Spinal Surgery 


INSTRUMENTS 


PROCEDURE 


High-speed pneumatic or elec¬ 
tric drill burrs: carbide and 
diamond tip, cautery unit 
(monopolar, bipolar), pe¬ 
riosteal elevator/osteotome, 
suction, hemostatic sponge 
[Gelfoam], bone wax, den¬ 
tal spatula, dural hook 
Micro suction tip, 3-0 or 4-0 

bone curette, vertebral 

spreaders 

Duck-bill, double-action 
rongeurs, Lempert rongeurs 


Special instruments 
needed for most 
procedures 


Ventral slot 


Dorsal laminectomy, 
axial laminofomy, 
dorsolateral 

hemilaminectomy, 

facetectomy 

Fenestration 




Tartar scraper, ear curette, 

No, 7 Bard-Parker scalpel 
handle 

Stemmann pins, methyl¬ 
methacrylate bone cement, 
small Fragment reduction for¬ 
ceps, vertebral spreaders 


it ■ 


Spinal stabilization 


* 


-A - 


irately 2 days after injury, a heterogenous population of small 
cells (most likely of hematogenous origin), including poly¬ 
morphonuclear, lymphocyte, macrophage, and plasma cells, 
invade the traumatized tissue. This is essentially an inflamma¬ 
tory response* In a matter of 7 to 20 days, fibroblasts make 
their appearance and begin laying down scar tissue. A concur¬ 
rent glial reaction consisting of astrocyte proliferation and ex¬ 
pansion of processes occurs. Depending on the extent of 

spinal cord injury, moderate to extensive fibrosis, nerve fiber 
degeneration, and multifocal malaeia may be seen. Axons that 
have been severed, compressed, or stretched start to regrow 
but will reach the edges of the scar mass and stop. Regenera¬ 
tion of spinal cord axons sufficient to restore function has not 
been achieved; however, if enough axons remain intact, return 
to clinically acceptable motor function can be expected. 


FIG 39-26 


Accentuate the laminar edge by grasping its dorsal spinous 
process with towel clamps and gently elevating the lamina. 
Carefully dissect the exposed rnterarcuate ligomenf with a 
No, 1 5 blade and ophthalmic forceps to reveal the laminar 
edge. Place rongeurs on this exposed edge and carefully 

the lamina to expose spinal canal and spinal cord. 

performed by either a dorsal or ventral approach as described 
above. The specific stabilization technique used generally de¬ 
pends on location of the instability (see subsequent sections)* 


remove 


NOTE * The pathophysiology of acute spinal cord 
injury is probably best viewed as being analogous 
to that of systemic shock; several complicated 
processes are involved and at some point, on irre¬ 
versible state may be reached* 


HEALING OF THE SPINAL CORD 


Three basic categories of change occur after acute injury to the 
spinal cord: (1) direct morphologic distortion of neuronal tis- 
(2) vascular changes, and (3) biochemical and metabolic 
changes. Controversy exists regarding the relative importance of 
these closely related categories in the production of functional 
deficits. Direct morphologic damage of spinal cord tissue (e.g*, 
laceration, compression, stretching) resulting in axonal inter¬ 
ruption is felt to be irreversible and untreatable because central 
axons do not regenerate sufficiently to restore function. 

In the case of reversible spinal cord injury, a characteristic 
series of events occurs during the repair process. Approxi- 


sue, 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


The special instrumentation necessary to perform ventral 
slot, fenestration, dorsal laminectomy, dorsolateral hemi¬ 
laminectomy, and spinal stabilization are listed by technique 
in Table 39-7. It is important to practice each technique. 
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become familiar with regional anatomy, and learn proper 
of special instrumentation before performing these surgeries. 


stabilization procedure after ventral slot decompression of 
small dogs with caudal cervical intervertebral disk disease 
may be considered. Knowledge of anatomic landmarks and 
proper neurosurgical instrumentation helps avoid such 
complications* Complications associated with cervical disk 
fenestration include inadequate removal of nucleus pulpo- 
sus; dorsal extrusion of disk fragments into the spinal canal, 
causing neck pain and tetraparesis; diskospondylitis; and 
continued neck pain after fenestration. Complications asso¬ 
ciated wuth dorsal laminectomy include excessive hemor¬ 
rhage from soft tissue dissection, iatrogenic spinal cord 
trauma, seroma, and surgical wound infection. Complica¬ 
tions associated with dorsolateral hemilaminectomy include 
nerve root damage and laceration of a vertebral artery. 


use 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Critical care observation for the first 24 hours postopera- 
lively includes monitoring respiration, administration of 

analgesics, and observation for gastric dilatation-volvulus 

and seizure activity, particularly if the patient had preopera¬ 
tive myelography. Blood gas analysts is warranted in animals 
with ventilatory compromise. Postoperative analgesia is pro¬ 
vided by low' doses of opioids, thus reducing their respira¬ 
tory depressant effects. Because postoperative pain can result 
in vocalizing and swallowing air, periodic abdominal girth 

measurements should be performed to assess presence of 
gastric dilatation* Fluids should be administered at mainte¬ 
nance rates and the patient turned every 2 hours until ster¬ 
nal. Corticosteroid administration is generally discontinued 
postoperatively. If neurologic status deteriorates after 
gery, corticosteroids may be given until the cause is deter¬ 
mined and corrected. Antibiotic therapy (prophylactic 
therapeutic) is determined by criteria listed in Table 39-4, 


SPECIAL AGE CONSIDERATIONS 


Softer cortical bone of lamina, pedicles, and vertebral bodies 
of young animals requires less aggressive drilling and rongeur- 
ing than the denser, more compact bone of older dogs. 


sur- 


Sug gested Reading 


or 


Lemarie RJ et ai: Vertebral subluxation following ventral cervical 

decompression in the dog, J Am Anim Hasp Assoc 36:348,2000, 

Rucker NC; Management of spinal cord trauma, Prog Vet Neurol 
1:397, 1992. 

Toombs fP: Cervical intervertebral disk disease in dogs, Compend 
Contin Educ Pract Vet 14:1477, 1992. 


NOTE * Respiratory depression or arrest second¬ 
ary to cervical spinal cord manipulation has been re¬ 
ported; patients must be carefully monitored for this 
event. 


Ambulatory patients may be discharged 24 to 48 hours after 
surgery and should be confined for 2 to 3 weeks. They 
should walk on a harness for 4 to 8 weeks. Nonambulatory 
patients are treated with frequent hydrotherapy, physiother¬ 
apy, elevated padded cage rack, frequent turning, and blad¬ 
der expression three to four times a day. They should be kept 
clean and dry to prevent decubit at ulcers. Avoid indwelling 
urinary catheters because they are a frequent cause of uri¬ 
nary tract infection. A supporting cart helps nurse patients 
to an ambulatory status. Advantages of a cart include unhin¬ 
dered eating, drinking, micturition, and defecation. Addi¬ 
tionally animals with motor function are encouraged to am¬ 
bulate, and an erect position facilitates physiotherapy 
Nonambulatory patients may be discharged when 
are able to care tor them. Neurologic examinations should 
be performed at 1 , 2, 3, 6 , 9, and 12 months postoperatively. 
Radiographs (of the awake animal) may be performed at 1, 
3, 6, 9, and 12 months after surgery. 


CERVICAL DISK DISEASE 


DEFINITIONS 


Cervical disk disease is associated with disk degeneration 

and extrusion causing spinal cord compression and/or nerve 
root entrapment. Hansen type 1 disk degeneration is char¬ 
acterized by chondroid degeneration of the nucleus pulpo- 
whereas Hansen type II disk degeneration is character¬ 
ized by fibrinoid degeneration of the nucleus pulposus. 
Radiculopathy is pain associated with nerve root compres¬ 
sion, Myelopathy is a general term denoting functional dis¬ 
turbances and/or pathologic changes in the spinal cord. 
Diskogenic pain is caused by derangement of an interverte¬ 
bral disk. Claudication is a complex of symptoms caused by 
occlusion of the spinal vasculature* 


sus 


owners 


SYNONYMS 


Slipped disk herniated intervertebral disk , cervical disk extru¬ 
sion 


COMPLICATIONS 


Complications associated with ventral slot procedures in¬ 
clude instability and collapse of the intervertebral space 
result of creating a slot that is too wide, laceration of a ver¬ 
tebral venous sinus, and iatrogenic spinal cord trauma. It has 
been suggested that a slot greater than one half the width of 
the vertebral body in older age small breed dogs, performed 
in the caudal spine (C4-C5 to C6-C7), may predispose to 
vertebral subluxation. Thus performing a distraction and 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


as a 


Intervertebral disk disease is the most common neurologic 
disorder diagnosed in veterinary patients. Cervical disk dis¬ 
ease accounts for approximately 13% of all canine interver¬ 
tebral disk extrusions (Toombs, 3 992). Eighty percent of cer- 
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drodystrophoid breeds (e.g., dachshunds, beagles) are most 
commonly affected. There is no sex predilection* 

History* A stiff, stilted gait, reluctance to move the head 
and neck, lowered head stance, and muscle spasm of the 
neck and shoulder muscles arc common. Approximately 
10% of affected patients are tetraparetic (ambulatory or 
non ambulatory)* 

Physical Examination Findings 

The location of extruded disk fragments 
canal is the most important factor in determining whether 
affected animals have pain or tetraparesis. If disk material 
extrudes in a dorsolateral direction (i.e*, between the dorsal 
longitudinal ligament and vertebral venous sinus), nerve 

root compression 
most common location of cervical disk extrusion in dogs. If 
disk material extrudes directly on the midline (he., between 

libers of dorsal longitudinal ligament), it causes spinal cord 
compression and subsequent tetraparesis (Fig* 39-30). These 
patients may also exhibit neck pain as a result ot tethering of 


dachshunds, beagles, and 
site of disk extrusion is the 


vical disk protrusions occur 
poodles. The most common 
C2-C3 intervertebral space; frequency of involvement de¬ 


creases from C3-C4 to C7-T1. 

Disk degeneration is commonly divided into two distinct 
categories referred to as Hansen type I (Fig. 39-27) and 
Hansen type II (Fig* 39-28), Both types of disk degeneration 
occur in the cervical region; however, Type I extrusions are 
most common. In animals with cervical disk protrusion, the 
nucleus pulposus undergoes degenerative changes and loses 
its ability to absorb shock* Continued degeneration and sub¬ 
sequent protrusion (Hansen type 11) or extrusion (Hansen 
type I) of disk fragments occur spontaneously or secondary 
to trauma* Location and force of the extrusion or protrusion 
dictate the degree of neurologic deficits. 


nth in the spinal 


u 


(Fig* 39-29), This is the 


pain occur 


DIAGNOSIS 

Clinical Presentation 

Signalment* Most animals with cervical disk disease 
have acute neck pain* Middle-age (he 


4 to 9 years), chon 
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FIG 39-27 

Hansen type I disk degeneration is characterized by an acute massive extrusion 
degenerate nuclear material in the spinal canal. 
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FIG 39-28 

Hansen type II disk degeneration is characterized by a slow chronic protrusion of 
degenerate dorsal annulus fibrosus in the spinal canal. 
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FIG 39-31 

Fibers of the dorsal annulus fibrosus compressed by 
degenerate nuclear fragments, resulting in diskogenic pain. 


FIG 39-29 


Nerve root entrapment by extruded disk fragments, resulting 
in radiculopathy. 


Radiagraphy/Ultrasonography 

Well- p osi t ion cd h le ral and ven t rodo rsal su rvey rad i ographs of 
the cervical spine may be diagnostic for cervical disk disease. 
Classical findings on plain radiographs include a narrowed in¬ 
tervertebral space, collapse of the articular facets, <l fogging” of 
the intervertebral foramen, and/or tL trailing” of calcified disk 
material into the spinal canal 

dicated if there are no visible narrowed interspaces, no disk 
material is visible within the spinal canal or intervertebral fora¬ 
men, a lesion is identified that is not compatible with the neu¬ 
rologic examination or if precise localization of the disk is nec¬ 
essary to determine the appropriate surgical approach (e.g„ 
ventral slot vs, fenestration, dorsolateral hemilaminectomy vs, 
ventral slot )* Myelography is indicated in 90% to 95% of cer¬ 
vical disk patients. Patients with a herniated cervical disk ex¬ 
hibit signs consistent with an extradural mass (Fig. 39-33), 


(Fig. 39-32), M ye I ograp Iiv is i n 


FIG 39-30 

Spinal cord compression by extruded disk fragments, 

in myelopathy. 


resulting i 


nerve roots in the intervertebral foramina. If disk material 
protrudes against (but not through) the dorsal longitudinal 
ligament, pain may result from pressure on pa in-sensitive 
fibers of the dorsal annulus fibrosus and dorsal longitudinal 
ligament (he., diskogenic pain) {Fig. 39-31), Diskogenic pain 
rarely occurs in dogs. 

Occasionally, patients have neck pain and front leg lame¬ 
ness (monoparesis) as a result of a dorsolateral disk extru¬ 
sion in the lower cervical spine (C4-C7) that entraps a nerve 

the brachial plexus (see Fig* 33-29). Pressure 
from disk material on the nerve root causes nerve root is¬ 
chemia and severe pain 
termittem and generally manifests as foreleg lameness* Pres¬ 
ence of a root signature is helpful in localizing the extruded 
disk (C4 to C7). It is important to carefully evaluate patients 

with forelimb lameness to exclude cervical disk disease. 


NOTE * General anesthesia is necessary to obtain 
diagnostic radiographs in animals with disk pro¬ 
trusion. 


An mtraforannual or lateral disk extrusion is present in 
some animals with severe neck pain* Imraforaminal disk 
fragments cannot be seen on plain or contrast ventrodorsal 
or lateral projections; an oblique cervical radiograph is nec¬ 
essary. To obtain oblique cervical radiographs, ihe patient is 
placed in dorsal recumbency, with the entire cervical spine 
positioned at a 45- to 60-degree angle to the table. The left 
intervertebral foramina are viewed when the spine is 
obliqued ro the right and vice versa. Fogging of the foramen 
is diagnostic for intraforaminal disk extrusion (Fig. 39-34). 

Laboratory Findings 

Patients presenting with cervical disk disease rarely have ab¬ 
normalities on complete blood count (CBC) or biochemical 
profile. Because most affected patients have severe neck pain, 
a stress ieukogram may be seen. Patients recently treated 
with corticosteroids may have elevated hepatic enzymes. 


root supplying 


and muscle spasm. Pain is often in- 


NOTE • Dogs with nerve root signatures (forelimb 
lameness) are often misdiagnosed as having ortho¬ 
pedic rather than neurologic disease. Performing 
complete neurologic examination helps distinguish 
between the two. 
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instability, dLskospcmdylitis, and spinal fracture/luxation. 
Diagnostic differentials can usually be eliminated by eval¬ 
uation of physical, hematologic, serum biochemical* cere¬ 
brospinal fluid, and radiographic studies. Diagnosis of 
cervical disk extrusion is confirmed by radiography, myelog¬ 
raphy, and/or surgery. 


MEDICAL MANAGEMENT 


Conservative vs. surgical treatment of patients with cervical 
disk disease is dictated by the patient's history and present¬ 
ing neurologic signs. A staging system helps determine ap¬ 
propriate therapy (Table 39-8). The most important aspect 
of conservative management in patients with cervical disk 
disease is strict cage confinement for 3 to 4 weeks. After this 
period, 3 to 4 weeks of gradual return to normal activity is 
recommended. Walks should be restricted to a leash and har¬ 
ness; collars that encircle the neck should be avoided. This 
duration of forced rest allows resolution of inflammation 


FIG 39*32 


Lateral radiograph oF a doq with a C2-C3 herniated 
intervertebral disk. Notice the "fogged" foramen [herniated 
disk) and slightly narrowed intervertebral space (arrow). 


and facilitates stabilization of the ruptured disk by fibrosis. 

Strict confinement and exercise control may or may not be 
accompanied by administration of antiinflammatories and/or 
muscle relaxants. It is important to educate the client about 
potential euphoric effects of antiinflammatory drugs. It strict 
confinement is not maintained during drug therapy, the pa¬ 
tient could potentially worsen because of increased activity 
leading to further disk extrusion. Antiinflammatory manage¬ 
ment of patients presenting with pain alone may be instituted 
multiple times without fear of inducing tetraparesis. More¬ 
over, patients treated conservatively that fail to respond may 
still benefit from surgery Therefore most patients with mild 
to moderate neck pain from cervical disk extrusion should be 
treated conservatively before surgical intervention. Com¬ 
monly used antiinflammatories and muscle relaxants and 
their dosages are provided in Table 39-9, Antiinflammatory 
drugs and muscle relaxants can be used independently or in 
combination. The proper drug regimen is dictated by the pa¬ 
tient s clinical signs and knowing the outcome of therapeutic 
trials. Recommended corticosteroid dosages vary dramatically 
among clinicians. Dosages provided in Table 39-9 should be 
tapered over a 6-dav period and followed with serial neuro¬ 
logic examinations* If there is no response, consider repeat 
corticosteroid therapy, combination therapy, or surgery 

Nonsteroidal antiinflammatory drugs (NSAIDs) may 
severe gastric irritation and ulceration, particularly if 


FIG 39-33 

Lateral myelogram of a dag with a C5-C6 herniated 
intervertebral disk. Notice elevation of the ventral contrast 

at C5-C6 (arrow) consistent with extradural 


column 

compression. 


ca use 

the dosage is above recommended levels, given lor extended 
periods, or given in combination with corticosteroids. 
NSAIDs should not be used in combination with corticos¬ 


teroids, Muscle relaxants are generally unsuccessful when 
used alone to treat patients with severe neck or back pain; 
they should be combined with corticosteroids initially. Mus¬ 
cle relaxants can be given in combination with prednisolone, 
dexamethasone, aspirin, phenylbutazone, or flunixin meglu¬ 
mine. A muscle relaxant can be used alone in patients with 
mild or moderate neck or back pain, or in those with mod¬ 
erate to severe neck or back pain that are improving but re¬ 
quire further treatment. Common clinical presentations and 
suggested therapeutic regimens are listed in fable 39-10. 


FEG 39-34 

Forty-five- to sixty-degree oblique cervical radiograph 
showing intraforamina I disk extrusion at C7-T1 (arrow]. 


DIFFERENTIAL DIAGNOSIS 

Presumptive diagnosis of cervical disk disease is based on 
signalnlent, careful historical evaluation, physical examina¬ 
tion, and neurologic examination. Potential diseases that 
mimic cervical disk disease include neoplasia, atlantoaxial 
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TABLE 39-8 


Staging System to Help Determine Medical vs. Surgical Treatment and Prognosis of Animals with Cervical Disk Disease 


TREATMENT 


PROGNOSIS 


STAGE CLINICAL SIGNS 


RADIOGRAPHY 


s not taken 


Favorable 

Favorable 


occasional episodes of 


Conservative 
Fenestration/ 
conservative 
Conservative 
Ventral slot 


to 


mi 


e or 


Incidental finding of 

degenerate disks 
Radiographs not taken 
Extruded disk in canal 


moderate neck pain 


Favorable/guorded 

Excellent 


First episode of severe neck pain or sec- 


11 


ond episode of mild to moderate neck 
pain 

Uncontrolled neck pain l 
episodes oF neck pain 


Ventral slot 
Dorsolateral 

hemilaminectomy 
Conservative 
Ventral slot 
Ventral slot 


Excellent 

Excellent/favorable 


repeated 


Extruded disk in canal 

Intraforamina I disk 


Radiographs not taken 
Extruded disk in canal 
Extruded disk in canal 


Guarded 

Excel lent/favorable 
Excellent/favorable 


Ambulatory tetraparesis* with or without 
neck pain 

Weakly ambulatory tetraparesis! with or 
without neck pain 

Non ambulatory tetraparesis! with or 

without neck pain; absence of forelimb 
sensory deficits 

Nonambulatory tetraparesis! with or 
without neck pain; forelimb sensory 
deficits present 


IV 


V 


Extruded dtsk — C2 to C4 Ventral slot 
Extruded disk—C4 to C7 Ventral slot 


Excellent 

Favorable 


VI 


Extruded disk in canal 


Ventral slot 


Guarded 


VII 


choppy forelimb gait; the patient can rise without assistance and ambulate with evidence 


+ Ambulatory tetraparesis is hindlimb weakness with 
of motor weakness. 

tWeakly ambulatory tetraparesis is severe tetraparesis; the patient can rise without assistance and take several steps, but tires easily and as¬ 
sumes a recumbent position. 

f Nonambulatory tetraparesis is severe tetraparesis without the ability to ambulate unassisted; voluntary motor movements may or may not be 


present 


(fj TABLE 39-9 


Dosages and Regimens of Drugs Used in Patients with Cervical or Thoracolumbar Disk Disease 


Phenytbutazone (Butazotidin) 

22 mg/kg PO tid [not to exceed 800 m 
reevaluate; if no response, consider a 
therapy or surgery (not recommended in cats) 

Ftunixin meglumine (Banamme) 

0.5 mg/kg IV, IM, or SC bid for 2 days maximum; reevalu¬ 
ate; if no response, consider alternative medical therapy 
or surgery 

Muscle relaxant* 

Methyixorbamoi (Robaxin-V) 

22 mg/kg PO once as a loading dose, then 1 1 mg/kg PO 
tid for TO days; reevaluate; may repeat treatment once 
or twice and consider combining with steroids; if no re¬ 
sponse, consider surgery 

Diazepam (Valium) 

1 A mg/kg PO bid (not to exceed 20 mg/day) for 10 

days; reevaluate; may repeat once or twice; consider 
combining with steroids; if no response, consider 
surgery 


Corticosteroids 
Dexamethasone (Azium) 

0.2 mg/kg PO or IM bid for 3 days, then std for 3 days; 

reevaluate; may repeat treatment once or twice and con 
sider combining with a muscle relaxant; if no response, 
consider surgery 

Predn isotone 


9/day) 

Iternatr 


far 7 days; 


ive 


0.5 to 1,0 mg/kg PO bid for 3 days, then sid for 3 days; 


reevaluate; may repeat treatment once or twice; consider 
combining with a muscle relaxant; if no response, con¬ 
sider surgery 


Methylprednisotone (Sotu-Medrot) 


IV given once at anesthetic induction; discon¬ 


tinue after 1 dose 


30 m 


Nonsteroidal antiinflammatories 
Asp inn 

10 mg/kg PO bid for 7 days; reevaluate; if no response, 
consider alternative medical therapy or surgery 
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SURGICAL TREATMENT 


Knowledge of the potential side effects of commonly used 
antiinflammatory drugs (or combinations of drugs] is im¬ 
portant* A list of common side effects of drugs used to treat 
patients with cervical disk disease is provided in Table 39-11. 
All patients must be placed in strict confinement for 3 to 4 
weeks as part of their medical management, especially if 


The objective of surgery in patients with cervical disk disease is 
to remove extruded disk fragments from attenuated nerve 
roots and/or spinal cord. This may result in immediate pain re- 
lief and eventual restoration of normal motor function. A ven¬ 
tral slot is most commonly performed for removal of 
disk material in the cervical region; however, mid cervical 
or caudal cervical hemilaminectomy and facetectomy (see 
p. 1224) are indicated for removal of disk fragments from the 
i ntervertebral fo r amen. Dorsal cervical la mm ectomy may allow 
successful decompression in small breed dogs (see p. 1224). 
During ventral slot procedures, adequate decompression of the 
spinal cord is achieved when the characteristic bluish hue of 
the dural tube is identified through the slot (fig. 39-35). 

Recurrence of cervical disk extrusion at an alternate in- 
ter vertebral space is rare; routine fenestration of unaffected 
disks after ventral slot is unnecessary. Cervical disk fenestra¬ 
tion (see p. 1220) may be used to treat patients with neck 
pa i n sec on d a ry to cer vi cal d i sk d is eas e * Fen e s t r ation rel:ieves 
pain in some patients but does not adequately remove com¬ 
pressive disk material from the spinal canal or intervertebral 
foramen. Patients that undergo fenestration for cervical disk 
disease exhibit longer morbidity than those treated with 
ve n t r al deco m p res si o n (ve nt rai slo t). Te t ra p a re s i s may n ccur 
from over aggressive fenestration. 


drugs are used. 


Patients given antiinflammatory drugs should be moni¬ 
tored carefully for depression, anorexia, abdominal pain, 
melena, and/or vomiting undigested or digested blood (cof¬ 
fee grounds). If gastrointestinal lesions are suspected, corti¬ 
costeroids and NS A IDs should he discontinued immediately 
because gastrointestinal ulceration associated with antiin¬ 
flammatory medication, spinal cord injury, and stress ol 
hospitalization may be fatal. Drugs listed in Table 39-12 may 
be used to treat gastric ulcers; however, there are no medica¬ 
tions that will reliably prevent the formation of gastric ulcers 
in all dogs. 


TABLE 39-1 1 


Side Effects of Commonly Used Antiinflammatory Drugs 


SIDE EFFECTS 


DRUG 


When used in combination with 


Dexamethasone 


NSAIDs [i.e + , flunixin meglu 


Preoperative Management 

Intravenous fluids and steroids should be given before sur¬ 
gery. In addition to their therapeutic effect, intravenous 
steroids may protect the spinal cord from the effects of sur¬ 
gical manipulation. The steroid of choice is methylpred- 
n i so 1 o n e sodium succin a te (3 0 m g/kg i n t raveno usl y). 


mine), commonly causes gastric 
ulceration/perforation, colonic ul¬ 
ceration (rare), pancreatitis (rare) 
Same as dexametni 
Platelet function abnormalities, gas¬ 
tric ulceration/perforation 
Bane marrow suppression, gastric 
ulceration/perforation 
Gastric ulceration, prolonged 
treatment in combination 
steroids commonly causes gastric 
u Iceration/perforation 
Slight muscle weakness 
Central nervous system depression, 
potential for client abuse 


Prednisolone 

Aspirin 

Phenylbutazone 

Fiunixin 

meglumine 


a s o n o 


Anesthesia 

Selected anesthetic protocols for animals undergoing cervi¬ 
cal spinal cord surgery are provided on p. 12 13. The animal’s 
neurologic status and positioning for surgery are important 
preanesthetic considerations. If the patient is exhibiting mo¬ 
tor weakness (e.g., weakly ambulatory or non ambulatory 
tetraparesis) 


Methocarbamol 

Diazepam 


will require positioning that may cause 


or 


fQ TABLE 39-12 


Drugs Used to Treat or Prevent Gastrointestinal Complications of Corticosteroids or NSAIDs 


ACTION 


DOSE 


DRUG 


Used to treat ulcers; decreases gastric acid Formation by 
the parietal cell, thus preventing further ulceration by 


5-10 mg/kg PO, IV, SC tid to qid 


Cimetidine (Tagamet) 


HCI 


2 mg/kg PO, IV, IM, SC bid to tid 
0.5 mg/kg PO sld to bid 


cimetidine 
Same as cimetidine 


Same as 


Ranitidine [Zantac) 
Famotidine [Pepcid) 
Omeprazole (Prilosec) 

Misoprostol (Cytofec) 

Sucralfate [Carafate) 


0.7-1,5 mg/kg PO sid to bid 


to treat ulcers; blocks proton pump of the parietal 


1.5 pg/kg PO tid 


A prostaglandin E analog that is used to treat NSAfD- 
induced ulcers 
Used to treat ulcers; gastric and duodenal protectant; 
acts to coat ulcer; acts as a bandage 


0.5-1.0 g PO tid to qid; give 1 hr 

after other medications 
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FIG 39-35 


When herniated disk material has been successfully 
removed, the spinal cord is visible. 
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respiratory compromise, mechanical ventilatory support 
should be considered- 

Surgical Anatomy 

Unique anatomic features of the cervical spine include the 
following: (1) C1-C2 space does not have an intervertebral 
disk; (2) C6 has a prominent transverse process; (3) Cl has 
a prominent ventral spinous process; (4) each vertebral body 
has a characteristic midiine ventral ridge; (5) presence of 
transverse foramen (for vertebral artery and vein) in each 
cervical vertebra except C7; (6) characteristic cranial-to- 
caudal slant of each intervertebral space; and (7) location of 
the vertebral venous sinuses and dorsal longitudinal liga¬ 
ment on the floor of the spinal canal. 

Positioning 

Patients undergoing a ventral slot or fenestration procedure 
should he placed in dorsal recumbency with their chest in a 
V-trough, i hey must be carefu 1 ly secured with sandbags or a 
rigid vacuum type of apparatus to prevent lateral motion. 
The front legs are taped caudally, and a loop of rope is tied 
around the muzzle, caudal to the maxillary canine teeth. The 
rope is secured to the table and the front legs are pulled cau- 
dally to apply linear traction to the cervical spine (see Fig. 
39-5 on p. 1218). Linear traction stabilizes the spine and 
opens intervertebral spaces and foramina, improving expo¬ 
sure during the ventral slot procedure. An area from cranial 
to the laryngeal cartilages to caudal to the manubrium sterni 
should be prepared for surgery (i.e., a ventral midline cervi¬ 
cal incision). Patients diagnosed with intr a foramina! disk 
extrusion should be positioned in sternal recumbency with 
the neck elevated, cradled, and gently flexed (see Fig. 39-17 
p, 1221 and Fig. 39-21 on p, 1223). 
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FIG 39-36 

venlrally located disk fragments with op 
forceps and a dental spatula. R, Remove laterally located 
(foraminaI) disk fragments with a dental spatula bent at 60 
degrees; use a sweeping motion to encourage disk removal. 


hthalmic 


A, Remove 


cated dhk material increases the risk of lacerating a venous 

sinus (Fig, 39-36, AJ. A dull , flat dental spatula is best suited 
for remaval of foramenal disk material. Bend the dental spat¬ 
ula at a 60-degree angle to facilitate removal of laterally ex¬ 
truded disk material and reduce venous sinus laceration. 
Gently sweep the spatula along the lateral aspect of the 

spinal canal (Fig, 39-36 , B). Gently tease to loosen disk 

ferial from the foramen and encourage fragments to 

can either be suctioned 


ma - 


move 


toward the slot margin where they 

using a small suction tip or removed with fine ophthalmic for¬ 
ceps, Take special care 
countered because they may be adhered to venous sinus or 
dura . Carefully tease and manipulate these disks away from 
the dura with a dental spatula : If severe hemorrhage from a 
lacerated venous sinus occurs, discontinue 
the spinal canal and consider closing the incision . The tech¬ 
nique for controlling venous sinus hemorrhage is discussed 
in Table 39-1 on p. 12 1 4 . if hemorrhage can be lateralized 
to one side of the slot , it may be possible to manipulate and 

the disk from the opposite side of the slot but take 


when old, calcified disks are en- 


i pula lion in 


man 


on 


SURGICAL TECHNIQUES 


Perform a ventral slot as described on p. 1216. Once the 
spinal canal h as been rea ch ed, rem ove disk ma teri a I loco ted 
the ventral midline first because removal of laterally lo¬ 


re move 

care to ensure adequate visualization before manipulation in 
the spinal canal . 


on 
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SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


sion after ventral slot requires 6 to 8 weeks, alter which re¬ 
turn to normal activity is recommended. Care of nonamhu- 
latory patients is described on p. 1228. Return of neurologic 
function is difficult to predict pos tope rat ively; it may take 
6 to 8 weeks (or longer) for the animal to regain the ability 

to ambulate. 

Significant complications in patients treated surgically for 
cervical disk disease are uncommon. Possible complications 
include continued neck pain and/or deteriorating motor sta¬ 
tus. Treatment of the complication is determined by the 
cause and surgical treatment used. Successful treatment op¬ 
tions are outlined in Table 39-14. 


Special instrumentation necessary for ventral slot, disk fen¬ 
estration, and dorsolateral hemilaminectomy is listed in 

Table 39-7 on p, 1227, 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Respiration should be monitored and animals should be ob¬ 
served for seizures for 24 hours after surgery. Analgesics 
should be provided as necessary (Table 39-13) and cortico¬ 
steroids discontinued immediately postoperatively. Neuro¬ 
logic examination should be performed twice daily. Ambu¬ 
latory patients are generally discharged by 24 to 48 hours 
postoperatively, Discharge of nonambulatory patients gen¬ 
erally depends on the owner's ability to care for the animal, 
.Ail patients should be fitted with a harness; neck collars 
should be avoided. Ambulatory patients should have exercise 
restricted for 3 to 4 weeks; gradual increase in exercise is al¬ 
lowed over the subsequent 3 to 4 weeks. Stable interbody fu- 


PROGNOSIS 


Prognosis for patients treated medically or surgically tor cer¬ 
vical disk disease depends on neurologic signs, anatomic lo¬ 
cation of the disk extrusion, and medical or surgical treat¬ 
ment used, but is generally favorable. Clinical factors and 
probable patient outcomes are outlined in Table 39-8 on 
p. 1232. Ambulatory patients with mild, moderate, or severe 
neck pain should be pain free or significantly improved by 
24 to 48 hours postoperatively. Ambulatory, tetraparetic pa¬ 
tients (with or without neck pain) should be pain free 24 to 
48 hours postoperatively, and motor dysfunction should be 
resolved by 7 to 10 days. Weakly ambulatory tetraparetic pa¬ 
tients (with or without neck pain) should be pain free 24 to 
48 hours postoperatively, and motor dysfunction should be 
resolved by 3 to 4 weeks. Nonambulatory tetraparetic pa¬ 
tients (with or without neck pain) should be pain free 24 to 
48 hours postoperatively, and motor dysfunction should be 
resolved by 4 to 6 weeks. Nonambulatory tetraparetic pa¬ 
tients have a better prognosis if they do not have foreleg sen¬ 
sory deficits preopera l ively, have a C2-C3 or C3-C4 lesion, 
and regain ambulation within 96 hours postoperatively. 




TABLE 39-13 


Postoperative Analgesics 


Oxymorphone (Numorphan) 

0,05-0.1 mg/kg 3V, IM every 4 hrs (as needed) 

Butorphanol (Torbutrol, Torbugesk) 

0.2-0,4 mg/kg !V, IM, or SC every 2 to 4 hrs (as needed) 

Buprenorphine (Buprenex) 

5-15 pg/kg IV, IM every 6 hrs [as needed) 


TABLE 39-14 


Postoperative Complications in Surgical Patients with Cervical Disk Disease 






CAUSE (BASED 
ON RADIOGRAPHY 


SURGICAL 

COMPLICATION TREATMENT USED 


COURSE OF ACTION 


Neck brace for 2 to 3 weeks; pain control; if no im¬ 
provement, then cervical stabilization 
Neck brace for 2 to 3 weeks; pain control; if no Im¬ 
provement, reoperate 

Neck brace and treat medically for diskogenic pain 
Neck brace for 2 to 3 weeks; pain control; if no im¬ 
provement, make oblique radiographs; reoperate it 

disk present in foramen 

Ventral slot, remove disk from canal and foramen 
Dorsolateral hemilaminectomy and facetectomy 
Cervical stabilization 

Reoperate if disk in spinal canal; iF second disk, perform 
ventral slot 

Reoperate to remove disk 
Ventral slot; remove disk from cana 


Slot excessively wide 
Disk material remains 


Ventral slot 


Continued 
neck pain 


Normal radiographs 
Disk material remains 


Dorsolateral 

hemilaminectomy 

Fenestration 


Continued 
neck pain 


Disk in canal 
Disk in foramen 
Slot excessively wide 
Disk in canal 


Continued 
neck pain 

Deteriorating 

motor status 


Ventral slot 




Disk pushed into canal 

Disk in canal 


Dorsolateral 

hemilaminectomy 

Fenestration 


Deteriorating 
motor status 
Deteriorating 
motor status 
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of the compressive lesion with respect to the spinal canal 
(Table 39-15). Discussion of the proposed pathophysiology 
of Wobbler syndrome is divided into each of the proposed 
disease classifications (e.g*y chronic degenerative disk dis¬ 
ease, congenital osseous malformations, vertebral tipping, 
hypertrophied 1 1 gainenturn flavum/vertebral arch malfor¬ 
mations, and “hourglass' 1 compression). 

Chronic degenerative disk disease may originate from ei¬ 
ther vertebral instability (e.g., stress) or primary degenera¬ 
tion of the intervertebral disk (e.g., Hansen type II disk pro¬ 
trusion), The degenerating annulus fibres us undergoes 
hypertrophy and/or hyperplasia* Spinal cord compression 
occurs when the disk space collapses and buckles the redun¬ 
dant annulus fibrosus dorsally ( Fig* 39-37, A), The dorsal 
longitudinal ligament (located dorsal to the annulus hbrosus 
on the floor of the spinal canal) compresses the dura (see 
Fig. 39-37, A). Spinal cord compression in chronic degener- 
a ti ve d i sk d i se a sc is dynamic in t ha t flexio n a n d ex ten s io n o f 
the neck may vary the degree of spinal cord compression. 
Generally, dorsal extension of the neck increases spinal cord 
compression (Fig. 39-37, Z3); ventral flexion (Fig, 39-37, C) 
and linear traction (Fig. 39-37, D) decrease compression. 

Congenital osseous malformations may occur anywhere 
along the cervical spine in one or multiple (most common) 
vertebrae. Malformed vertebrae cause narrowing of the 
spinal canal as a result of stenosis of the cranial vertebral 
canal orifice, articular facet deformities, malformation of ver¬ 
tebral pedicles, and/or deformation of vertebral arches ( Fig. 
39-38), Diets high in calcium exacerbate the malformations 
in CTreat Dane puppies. Congenital osseous malformations 
may be related to disorders of endochondral ossification. 

Vertebral tipping is characterized by displacement (tip¬ 
ping) of the craniodorsal surface of the vertebral body ( gen¬ 
erally C6 or C7) into the spinal canal, causing spinal cord 
compression (Fig. 39-39), Instability secondary to chronic 
degenerative disk disease (or vice versa ) may be the predis¬ 
posing factor that allows the vertebral body to become mal- 

positioned. 

The compressive lesion in hypertrophied ligamentum 
flavum/vertebral arch malformations occurs on the dorsal 
aspect of the spinal cord. Patients with isolated ligamentum 
flavum abnormalities will probably develop hypertrophy 
and/or hyperplasia secondary to instability (Fig* 39-40). Ver¬ 
tebral arch malformations may be genetic and/or nutritional 
in origin. Whatever the cause, the vertebral arch, articular 
processes, and facets become plump, deformed, and asym¬ 
metric. Spinal cord compression is not the result solely of 
deformation, but of a combination of static deformation 
and dynamic compression. In dorsal extension, the cranial 
tip of the deformed vertebral arch of one vertebra is brought 
closer to the caudodorsal rim of the body of the adjacent 
cranial vertebra, increasing spinal cord compression (Fig* 

39-41, A). When the neck is flexed ventraUy, the cranial tip of 

the elongated vertebral arch is retracted, decreasing spinal 

cord compression (Fig* 39-41, B) r 

Hourglass compression occurs because the spinal cord 
compression occurs dorsally ventrally, and laterally (Fig. 
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WOBBLER SYNDROME 


DEFINITIONS 


Wobbler syndrome is a disorder of the caudal cervical ver¬ 
tebrae and intervertebral disks (i.e., spondylopathy) that 
causes spinal cord compression (i.e., myelopathy). 


SYNONYMS 


Cervical vertebral instability, cervical spondylomyelopathy, 
mrvica l m a ifo rm ation-t n a la rticu la Hot h cervka J spo n dylolis- 
thesis , cervical spondylopathy 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Wobbler syndrome is a relatively common disease in Dober¬ 
man pinschers, Great Danes, and other large-breed dogs* 
The cause is unknown but may be nutritional, traumatic, 
hereditary, or acquired. It is a “syndrome” that probably has 
multiple etiologie factors. Wobbler syndrome has been sub¬ 
divided into five classifications distinguished by the location 
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TABLE 39-15 


Classification of Wobbler Syndrome 




GENERAL 

PROGNOSIS 


CAUSE OF COMPRESSION 


LESION LOCATION 


AGE/BREED 


CLASSIFICATION 


Favoroble 


Disk degeneration and subse- 

of ventral 


Adult, male Dober¬ 
man pinschers 


Compresses ventra as¬ 
pect of spinal cord 

C5 to C7 

Compresses spinal cord 
laterally or dorsaven- 


Chronsc degenerative 
disk disease 

Congenital osseous 
malformation 


quent hyper trap 
annulus fibrosus 
Congenital malformation of 
vertebral bodies and articu¬ 
lar facets 

Dorsal malposition of the af¬ 
fected vertebral body In the 
spinal canal 

Hypertrophy and hyperplasia 
of the ligamentum flavum; 
vertebral arch malformation 
Hypertrophy of ligamentum 
flavum and annulus fibrosus; 
malformation or degenera¬ 
tive disk disease of articular 
facets 


Unfavorable 


Young Great Danes 

and Doberman 


trolly C3 to C7 


J iinschers 
u!t, male Dober 


Favorable 


Compresses ventral as¬ 
pect of spinal cord 

C 5 to C7 

Compresses dorsal as¬ 
pect of spinal cord 

C4 to C7 

Compresses spinal cord 

on all sides C2 


Vertebral tipping 


man pinschers 
Young Great Danes 


to 


Ligamentum flavum/ 
vertebral arch 
malformation 
Hourglass 
compression 


guarded 


Guarded 
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FIG 39-37 

A, Chronic degenerative disk disease produces spinal cord compression because of 
hypertrophy of the annulus fibrosus. B f Mechanism by which dorsal extension of the 
cervical spine increases spinal cord compression in patients with chronic degenerative disk 
disease, C, Ventral flexion of the cervical spine decreases spinal cord compression in 
patients with chronic degenerative disk disease. D, Linear traction of the cervical spine 
decreases spinal cord compression in patients with chronic degenerative disk disease. 
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FIG 39-40 

Lateral myelogram of a dog with C5-C6 ligamentum flavum 

hypertrophy. Notice the ventral deviation of the dorsal 
contrast column (arrow). 
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FIG 39-38 

Vertebra with congenital osseous malformation (C7). Notice 
the malformed facets and deformation of the spinal canal. 
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FIG 39-39 

Lateral radiograph of a dog with Wobbler syndrome and 
C6-C7 vertebral tipping. Notice the cranial dorsal surface of 

C7 "tipped 
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FIG 39-41 

A, Dorsal vertebra! arch malformation producing dorsal 
spinal cord compression. B, Ventral flexion causes retraction 
of the malformed arch, relieving spinal cord compression. 

History. Affected animals generally become less coordi¬ 
nated over months to years. All four limbs are affected, but 
signs are generally initiated and more pronounced in the 
rear legs. Occasionally, an acute exacerbation precipitated by 
minor trauma may be noted. Approximately 40% of 
have a history of neck pain. 

Physical Examination Findings 

General physical examination findings are normal in the 
majority of patients with Wobbler syndrome. Upper motor 
neuron signs, including a crossed extensor reflex, generally 
occur in the rear limbs of dogs with chronic disease. A 
broad-based stance is often noted in the rear legs, thoracic 
limb reflex changes are generally mild. A stiff, straight-legged 
gait and atrophy of the sup rasp inatus and infraspinatus 


39-42). Annulus fibrosus hypertrophy and/or hyperplasia 
causes ventral spinal cord compression, whereas hypertro¬ 
phy and/or hyperplasia of the ligamentum flavum produces 
dorsal spinal cord compression. Degenerative joint disease 
or malformation/malarticulation of the articular facets 
causes lateral spinal cord compression. Dynamic hourglass 
lesions may occur at any level of the cervical spine. 
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DIAGNOSIS 

Clinical Presentation 




Signalmen*, information concerning sex 

may assist specific classification of Wobbler syndrome (see 
Table 39-15). Doberman pinschers and Great Danes account 
for 80% of the cases. The incidence of chronic degenerative 
disk disease is twice as likely in males than females. Variation 
in age of presentation depends on specific classification (see 


and breed 






Table 39-15). 
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FIG 39-42 


A, Hourglass compression of the ventral spinal cord is caused by redundant dorsal annulus 
fibrosus; dorsal compression is caused by redundant ligamentum flavum. B, Lateral 
compression is caused by degenerative joint disease or malformafion/malarticulation of 

articular facets. 


TABLE 39-16 


muscles are common with chronicity. The neck is often car¬ 
ried in ventral flexion because this position produces the 
least amount of spinal cord compression (see Fig. 39-37, C). 
Dorsal extension of the neck may cause pain and/or accen¬ 
tuate spinal cord compression, with resultant increased mo- 

Fig. 39-37, B). Care should therefore be taken 
when manipulating the head and neck. Abnormalities noted 
on neurologic examination vary and may include pain 
alone, paraparesis, ambulatory tetraparesis, weakly ambula¬ 
tory tetraparesis, or nonambulatory tetraparesis. Definitions 
of each neurologic classification are provided in Table 39-16, 


Neurologic Classification 


NEUROLOGIC FINDING DEFINITION 


Discomfort on man 


Pain 


tor signs (see 


the head and neck 


Upper motor neuron deficits 
and mild-to-moderate motor 
weakness of the hind limbs; 
normal thoracic limb function 
Paraparesis with a choppy tho- 

a result of 
upper, lower, or upper and 

lower motor neuron deficits 
and mild motor weakness 


Paraparesis 


Ambulatory 

tetraparesis 


racic limb gait as 


Radiography/ Ultrasonography 

Plain radiographs of the neck are not diagnostic for the af¬ 
fected vertebra, intervertebral space, or location of the com¬ 
pressive mass within the spinal canal (Le., dorsal, ventral 
and/or lateral). Typical changes on plain radiographs for 
each classification of Wobbler syndrome are summarized in 

Table 39-17. 


Weakly ambulatory 
tetraparesis 


Severe tetraparesis; patient 
can still rise without assis- 
tance and take several steps, 
but tires easily and assumes 
a recumbent position 
Tetraparesis without the ability 
to rise or walk 






Nonambulatory 

tetraparesis 


Although plain radiography may help diagnose Wobbler 


syndrome, myelography is essential to determine the follow¬ 
ing: (1) location and number of affected vertebrae and/or 
intervertebral spaces, (2) location of lesion (s) within the 
spinal canal ( he., dorsal, ventral, lateral), (3) degree of spinal 
cord compression, and (4) occurrence of dynamic compres¬ 
sion. Typical myelographic changes expected with each clas¬ 
sify c a ti on of Wo b b I er synd ro m e a re prov i d ed i n Tabl e 39-17. 

Stress myelography is radiographic imaging of the cervi¬ 
cal spine in various stressed positions (he., ventral flexion, 
dorsal extension, and linear traction) during myelography. 
Stress myelography is essential to diagnose dynamic com¬ 
pressive lesions. Classically, spinal cord compression with 


chronic degenerative disk disease is worsened with the neck 
in dorsal extension and improved in ventral flexion and lin¬ 
ear traction (see Fig. 39-37, B to D). Dorsal extension is not 
recommended in radiographic evaluation of patients with 
Wobbler syndrome as it may exacerbate spinal cord com¬ 
pression. A complete myelographic examination, including 
linear traction, allows formulation of a rational therapeutic 
approach (Fig. 39-43) 
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TABLE 39-17 


Plain and Mvelographic Findings with Wobbler Syndrome 


MYELOGRAPHiC CHANGES 


PLAIN FILM CHANGES 


CLASSIFICATION 


Extradural mass compressing the ventral surface of 
the spinal cord; lesions are generally dynamic 


Normal; collapse of the intervertebral 
space; spondylosis; sclerotic end^ 
plates; calcified disk; C5 to C7 most 
often affected 

Various osseous malformations; C3 to 
C7 most often affected 

Tipping of the craniodorsal end of a 
vertebra into the spinal canal; C6 or 
C7 most often affected 

Normal; C4 to C7 most often affected 


Chronic degenerative 

disk disease 


Extradural mass compressing the lateral, ventral, 
and/or dorsal surface of the spinal cord; lesions 
are generally static 
Normal; extradural 


Congenital osseous 
malformation 


mass compressing the ventral 
pect of the spinal cord; lesion may be static or 
dynamic 

Extradural mass compressing the dorsal surface of 
the spinal cord (soft tissue); lesions are generally 

sta ti c 

Extradural mass compressing the dorsal surface of 
the spinal cord (malformed laminae), lesions often 
have a static and dynamic component) 

Extradural mass compressing the lateral, ventral, 
and dorsal surfaces of the spinal cord (soft tissue 
and osseous); lesions are generally dynamic 


Vertebral tipping 


as 


Liqamentum flavum 
hypertrophy 


Normal; sclerosis and malformation of 
affected laminae; C4 to C7 most of¬ 
ten affected 

Normal; C2 to C7 may be affected 


Vertebral arch 
malformation 


Hourglass compression 
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FIG 3*-43 

A, Lateral radiograph of a dog with C6-C7 chronic degenerative disk disease and 
extradural compression of the spinal cord. B, Linear traction results in spinal cord 

decompression. 


MEDICAL MANAGEMENT 


Laboratory ladings 

Mo significant abnormalities are noted in the hemogram or 
urinalysis of most affected animals. Biochemical analysis 
reveal elevated serum cholesterol in Doberman pinsch- 
with suhdinical hypothyroidism. Whether hypothy¬ 
roidism has an influence on Wobbler syndrome is unclear. 


Wobbler syndrome is a chronic, progressive disorder charac¬ 
terized by subtle hindlimb weakness that may progress to 
nonambulatory tetraparesis. Medical therapy may cause tem¬ 
porary improvement; however, progression to an unaccept¬ 
able neurologic status is common. Whether a patient is 
treated conservatively depends on classification of the disor¬ 
der, degree of neurologic dysfunction, and number of af¬ 
fected vertebrae or intervertebral spaces (Table 39-19). 

The most important aspect of conservative management 
is strict confinement for 3 to 4 weeks. During this period, pa¬ 
tients should be fitted with a neck brace. Gradual return to 
normal activity is recommended over the next 3 to 4 weeks. 
Walks should be restricted to a leash and harness; neck col¬ 
lars should be avoided. Although this duration of forced 
rest allows resolution of spinal cord inflammation, the 
long-term beneficial effect on cervical spinal stabilization, 


m av 


ers 


DIFFERENTIAL DIAGNOSIS 


Any disorder causing neck pain, paraparesis, or tetraparesis 
in large-breed dogs, especially Doberman pinschers and 
Great Danes, should be considered as differential diagnoses. 
Diseases that can be mistaken for Wobbler syndrome are 
listed in Table 39-18, Differentiation is usually possible by 
signal ment, neurologic examination, serum chemistry, cere¬ 
bral spinal fluid analysis, and radiography/myelography. Di¬ 
agnosis of Wobbler syndrome is confirmed by plain and 

stress myelography. 
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TABLE 39-18 


Differential Diagnoses That Mimic Wobbler Syndrome Using the DAMNIT-V Scheme 




DIAGNOSTIC DIFFERENTIALS/TOOLS 


CLASSIFICATION EXAMPLES 


Static mass on stress myelography 
Physical exam; neurologic exam; hip radiographs 
Physical exam; neurologic exam 
Signalmen!; plain and stress radiography 
Neurologic exam; laboratory Findings 

Dietary history; pfain radiography 
Plain and stress myelography 

Neurologic exam; laboratory data 
Neurologic exam; laboratory data 
Plain radiographs 
CSF analysis 

History; plain radiographs 
History; CSF analysis; myelography 


Cervical disk disease 
Bilateral to hip dysplasia 
Bilateral ruptured cruciate 
Atlantoaxial subluxation 

Any disorder causing generalized weakness (e.g>, 

Addison's disease) 

Nutritional secondary hyperparathyroidism 
Tumors of the cervical spine, spinal cord 
roots 

Polyarthritis 
Polymyositis 

Cervical diskospondylitis 
Meningitis 

Cervical spinal fracture/luxation 
Fibrocartilaginous embolism 


Degenerative 


Anomalous 

Metabolic 


Nutritional 

Neoplastic 

Immunologic 

Infectious 


, or nerve 


Traumatic 

Vascular 


(pi TABLE 39-19 


Conservative vs. Surgical Management for Patients with Wobbler Syndrome 


NUMBER OF LESIONS TREATMENT 


PROGNOSIS 


CLINICAL SIGNS* 


CLASSIFICATION 


Favorable 

Excellent 

Favorable 

Excellent 

Guarded 

Favorable 

Guarded to unfavorable 
Favorable 

Unfavorable to grave 

Favorable to guarded 

Unfavorable to grave 

Guarded 

Grave 

Guarded 

Grave 

Guarded to unfavorable 

G ua rd ed 
Favorable 

Favorable 

Guarded 

Unfavorable 

Favorable 

Guarded 

Unfavorable 

Unfavorable 
Unfavorable to grave 


Single or multiple 
lesions 

Single or multiple 
lesions 
Single lesion 

Multiple lesions 

Single lesion 

Multiple lesions 

Single lesion 

Multiple lesions 


Pain alone 


Conservative 

Surgical 

Conservative 

Surgical 

Conservative 

Surgical 

Conservative 

Surgical 

Conservative 

Surgical 

Conservative 

Surgical 

Conservative 

Surgical 

Conservative 

Surgical 

Conservative 

Surgical 

Surgica 

Surgical 

Conservative 

Surgical 

Surgical 

Conservative 

Surgical 

Surgical 


Chronic degenerative 
disk disease/ 
vertebral tipping, 
hourglass compression 


Paraparesis 

Ambulatory 

tetraparesis 


Weakly ambulatory 
tetraparesis 


Nonambulatory 

tetraparesis 


Single or multiple 
lesions 

Single lesion 
Multiple lesions 
Single lesion (rare) 


Ligamentum flavum 
hypertrophy/vertebra I 
arch malformation 

Congenital osseous 
malformation 


Paraparesis 

Tetraparesis 

Paraparesis 

Tetraparesis 

Paraparesis 

Tetraparesis 






lesion (rare) 
e lesions 


t 


Sin 


Mu 


Multiple lesions 


*The definition of each neurologic classification is given in Table 39-16 


pharic effects of antiinflammatory drugs. If strict confine¬ 
ment is not maintained during drug therapy, the patient may 
become too active and have increased paresis as a result of 
acute spinal cord contusion. Commonly used antiinflamma¬ 
tory drugs and their dosages are listed in Table 39-20. Rec- 


ma!formations, disk degeneration, and tissue hypertrophy 
and hyperplasia is unknown* 

Strict confinement, use of a neck brace, and exercise con¬ 
trol may or may not be accompanied by antiinflammatory 
therapy. Clients must be educated as to the potential eu- 












Chaptc r 39 Surgery of th e Cervka i Sp ine 1243 


described for treatment of Wobbler syndrome, only a few 
have long-term prognostic merit. The surgical technique of 
choice is based on classification, clinical presentation, verte¬ 
bral body or interspace affected, number of lesions present, 
location of the lesion within the spinal canal, and the pres¬ 
ence or absence of a dynamic lesion ('fable 39-21). Surgical 
techniques currently used to treat patients with Wobbler 
syndrome include ventral slot, ventral stabilization, ventral 
traction-stabilization, and dorsal laminectomy. 

Techniques that employ decompression and stabilization 
have improved the outcome of patients with dynamic le¬ 
sions. Based on pathophysiology of the compressive lesion, 
techniques using linear traction stretch the annulus librosus, 
thus relieving spinal cord compression (see Fig. 39-37, D), 
Once the spine is stabilized in traction, the spinal cord re¬ 
mains decompressed and eventually atrophy ot the annulus 
fibrosus occurs, further improving decompression, Several 
ventral traction-stabilization techniques have been success¬ 
fully used to treat patients with Wobbler syndrome, particu¬ 
larly those with chronic degenerative disk disease. These in¬ 
clude Steinmann pins and methylmethacrylate bone cement, 
polyvinylidine spinal plates, Harrington rods, and interbody 
methylmethacrylate bone cement plug. The initial approach 
for decompression and stabilization is as described tor ven¬ 
tral slot (see p. 1216); however, once the affected interverte¬ 
bral space is located, it and vertebral bodies cranial and cau¬ 
dal to the affected interspace must be exposed. This 
increased exposure is necessary for placement ol the chosen 
stabilizing device. 

Preoperative Management 

The dog is premedicated with intravenous methyl pred¬ 
nisolone sodium succinate (30 mg/kg). Intravenous fluids 
are administered throughout the procedure. Antibiotic ther¬ 
apy is dictated by criteria listed in Table 39-4 on p. 1 2 3 4. 

Anesthesia 

Suggested anesthetic protocols for patients with cervical 
spinal disorders are described on p. 1 233, Neurologic status 
and positioning for surgery are important preanesthetic con¬ 
siderations. If the patient has motor weakness (e.g., weakly 
ambulatory tetraparetic or nonambulatory tetraparctic) or 
requires positioning that may cause respiratory compromise 
(e.g., flexion of the neck, lateral compression of the chest), 
mechanical ventilatory support should be considered. 

Surgical Anatomy 

Anatomy of the cervical spine is described and illustrated on 
p, 1213 (Fig. 39-1). 

Positioning 

For a ventral approach, position the animal in dorsal recum¬ 
bency in a Y-trough and carefully secure it to the table to 
prevent Lateral motion. Patients with a dynamic lesion (e.g., 
chronic degenerative disk disease, hourglass compression, 
vertebral arch malformation, redundant ligamentum 
flavum) should be secured to the table with the neck in 


TABLE 39-20 


Drugs Used in Patients with Wobbler Syndrome 


Corticosteroids: 

Dexamethasane (Axiom) 

0.2 mg/kg PO or !M bid For 3 days, then sid for 3 days; 

reevaluate patient; may repeat treatment once or twice; 
if no response, consider surgery 

Prednfso/one 

0.5 to TO mg/kg PO bid for 3 days; then sid for 3 days; 

reevaluate patient; may repeat treatment once or twice; 
Ef no response, consider surgery 

Meth ytpredn isobne (Soto-Medrot) 

IV given once at anesthetic induction; discom 
er 1 dose 

Nonsteroidal antiinflammatories: 

Aspirin 

10 mg/kg PO bid for 7 days; reevaluate patient; if no re¬ 
sponse, consider alternative medical therapy or surgery 

Phenylbutazone (Butazolidin) 

22 mg/kg PO tid [not to exceed 800 mg/day) for 7 

days; reevaluate patient; if no response, consider alter¬ 
native medical therapy or surgery 

Ftunixin meglumine (Banamine) 

0.5 mg/kg IV, IM ( or SC bid for 2 days maximum; 

reevaluate patient; if no response, consider corficos" 
teroid therapy or surgery 


30 mg/kg 

tinge aft 


o mm ended corticosteroid dosages vary among clinicians. 
NSAIDs may cause severe gastric irritation and ulceration, 
particularly if given above recommended doses or for exces¬ 
sive durations or when given in combination with corticos¬ 
teroids, NSAIDs should not be used in combination with 
corticosteroids. Knowledge of potential side effects of com¬ 
monly used antiinflammatory drugs (or combinations of 
drugs) is important (see Table 39-11 on p, 1234), 

If conservative treatment is successful, spinal cord edema 
resolves, rein ye li nation occurs, and the animal recovers 
function. If no improvement is noted by 3 to 4 weeks or if 
neurologic deterioration occurs, surgical intervention 
should be considered. 


NOTE * The major disadvantages of ventral slot 

decompression are difficulty in adequately removing 
the entire compressive lesion and possible instability 
caused by the slot. 


SURGICAL TREATMENT 


The objectives of surgery in patients with Wobbler syn¬ 
drome are relief of spinal cord compression, cervical spinal 
stabilization (where necessary), and reversal of neurologic 
deficits. Although numerous surgical techniques have been 
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linear traction. I bis positioning results in spinal cord de¬ 
compress ion. Patients requiring a dorsal approach are placed 
in sternal recumbency. The use of dynamic positioning is 
based on patient classification and results of stress myelog¬ 
raphy. As a general rule, patients requiring dorsal decom¬ 
pression are positioned with the neck elevated and Hexed 
over a rolled fleece or rigid vacuum type of apparatus. 


NOTE • This is the author's technique of choice 
for patients requiring dynamic ventral fraction- 
stabiiization. 


(Fig. 39-44, A). Drill the slot no more than half the width of 
the vertebral body; slot length is determined by the thickness 
of the vertebral end plates. Discontinue burring once the cor¬ 
tical end plate of each vertebral body is removed , Place a 
modified Gel pi retractor ( 

special instrumentsj in defects burred in the vertebral bodies, 
cranial and caudal to the affected vertebral bodies (Fig. 
39-44 , BJ, Create the defects just large enough to accept the 
blunted tips of the modified Gel pi retractor Do not fenestrate 
the intervertebral spaces cranial and caudal to the affected 
vertebra for placement of the modified Gel pi vertebral 
spreader; caudal cervical fenestration may result in vertebral 

instability of the fenestrated spoce(s). Engage the Gelpi 

retractor and distract the affected in tervertebral space 2 to 

3 mm. Harvest autogenous cancellous hone from the heads 

of the humeri and place just enough graft to fill the distracted 
slot, insert two 7 / 


SURGICAL TECHNIQUES 

Decompression via a Ventral Slot 

Perform a ventral slot as described 


below under the discussion of 


on p, 1216, Once the 
spinal canal is reached\ carefully remove redundant dorsal 
annulus fibres us (dynamic lesion) or disk material (static le¬ 
sion). Remove the ventral midline annulus or disk material 
first so as not to lacerate the vertebral 


venous sinus. Use oph- 
remove laterally lo¬ 
ci isk fragments. Continue to remove tissue 


that mi c forceps and a dental spatula to 
cated annular or 

until the bluish hue of the spinal cord is visible, ensuring ad- 
eq ua te decompress ion of the spinal cord, Lavage th e surgical 
wound and close as described for ventral slot (see p. 1220). 


Stabilization with Pins 
and Methylmethacrylate 

This technique can be used to distract and stabilize up to two 
affected intervertebral spaces. Advantages of this technique 
include complete spinal cord decompression without enter¬ 
ing the spinal canal and reduced risk of iatrogenic spinal 
cord trauma. A neck brace is not required postoperatively 
and a favorable to excellent prognosis can be expected in 
most ambulatory patients (see Table 39-21). 

Perform a ventral slot at the affected intervertebral 

tfie level of the inner cortical layer (i,e. f 75% tronsdiskal slot) 


- or V B -inch Steinmann pins info the ventral 
surface of the vertebral body cranial to the affected interver¬ 
tebral space. Insert the pins on the ventral mid line of the 

tebrai body and direct them 30 to 35 degrees dorsolateral 
to avoid entering the spinal canal (Fig, 39-45). it is impor¬ 
tant to engage two cortices with each pin. Cut the pins f leav- 

exposed. Notch the exposed 




ing approximately F5 to 2 cm 
portion of each pin with pin cutters to allow the bone cement 
to grip the pin and prevent migration. Mix sterile methyl¬ 
methacrylate bone cement powder with liquid monomer 
til it reaches a doughy consistency and can be handled with¬ 
out sticking to your surgical gloves . Meticulously mold the 


„ a 


in 


o 


un- 


spaces, to 


Hole burred in 






2 


Vertebral 


spreaders 


FIG 39*44 

A, To decompress the spinol cord, perform a 75% tronsdiskal ventral slot at the affected 
intervertebral space. B, Use vertebral spreaders to place the affected intervertebral space 
in 2- to 3-mm linear traction. 
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Ventral view 


Cement 








n i 












FIG 39-45 

Proper placement of Steinmann pins and bone cement to provide traction and stabilization 
of me affected intervertebral space, 
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FIG 39-46 

Stabilization with interbody methylmethacrylate plug. A, Ligamentous hypertrophy resulting 
in spinal cord compression. B, A keyhole defect is made in the cranial and caudal 
endlates of the affected intervertebral space. C, After linear traction is applied to the spine, 
polymethylmethacrylate bone cement is placed En the defect. Once the cement has cured, 
autogenous cancellous bone harvested from the head of the humerus is placed over the 

exposed cement. 




without entering the spinal canal and reduced risk of iatro¬ 
genic spinal cord trauma. A neck brace is not required post 
operatively, and a favorable lo excellent prognosis can be ex¬ 
pected in most ambulatory patients (see Table 39-21), 

identify and expose the affected intervertebral space as de¬ 
scribed for a ventral slot on p 

the affected intervertebra! space with a No, 1 } scalpel blade 
and place the in ter vertebra / space in distraction 

ified Cel pi retractor as 
pneumatic drill to 
tilage from the vertebral endplates . Leave 3 to 5 mm of the 

d bony end plates of each affected disk 


pin; make sure each pin is completely 


cement around each 
surrounded and covered with bone cement (see Fig. 39-45). 
Irrigate the hone cement with sterile saline solution for 5 to 
10 minutes to dissipate the heat of polymerization. Remove 
the vertebral spreaders after the cement has hardened. Close 
the paired long us colli muscles cranial and caudal to the ce¬ 
ment mass . Close the remainder of the incision routine//. 








. 1216 Create a fenestration in 




Stabilization with Interbody 
Methylmethacrylate Plug 

This technique can be used to distract and stabilize up to two 
affected intervertebral spaces (Fig, 39-46, A), Advantages of 
this tecb n i q ue i n c lud e com p 1 et e spinal co rd d c co m p ress io n 


using a mod- 

described above . Use a high-speed 
remove annulus fib rasas and end plate car- 




dorsal annulus 


an 























































1247 


Surgery of the Cervical Spine 


Dorsal spine C 7 


FIG 39-47 

Proper placement of full cortical allograft and polyvinyl id me spinal plate to provide traction 
a stabilization of the affected intervertebral space. 


an 


Identify the affected intervertebral space and perform a ventral 
slot as described on p, 1216; however, carry the slot only to 
the level of the inner caiiical layer fie., 

(see Fig. 39-44 f A). Place the affected intervertebral space in 
approximately 2- to 3-mm linear traction using modified Celpi 
retractors as described for pins and bone cement stabilization 
(see Fig. 39-44 , B l Create the slot configuration to precisely 
accommodate a full cortical allograft harvested from the distal 
third of the tibia of a 15- to 20-lb donor. The graft maintains 

the intervertebral space in linear traction , resulting in spin a / 
cord decompression , Pack the cortical allegro ft with auioge- 

cancellous bone harvested from the beads of the humeri 


space intact. With the intervertebral space distracted,, use a 
high-speed pneumatic drill with a 2- to 4-mm burr to create 
a keyhole defect in the vertebral endplate$ (Fig. 39-46 , Bj, 

Because of the cau do ventral to cranio dorsal slope of the 
intervertebral space, the cranial end plate of the caudal ver¬ 
tebra is readily observed allowing a keyhole ol approxi¬ 
mately 5 to 10 mm in lateral width X 4 mm in dorsoventral 
width X 4 mm in depth. Drilling the caudal end plate of the 
cranial vertebra is accomplished blindly and thus a smaller 
keyhole often results* 

In/ecf methylmethacrylate in a semiliquid state into the key¬ 
hole defect while maintaining the intervertebral space in dis¬ 
traction (Fig. 39-46 , Cj* Apply digital pressure to ensure /be 
keyhole defect is filled to the level of the ventral aspect of the 
vertebral bodies. Cool exposed methylmethacrylate with 
room temperature sterile saline lavage until the exothermic 
reaction is complete and cement hardened. Harvest an au¬ 
togenous cancellous bone graft from the beads of the humeri 
and place if over exposed ventral surfaces of the vertebral 
bodies and methylmethacrylate. Appose long us colli muscles 

the bone graft to hold it in place. Close the remainder 
of the incision routinely. 


a 75% transdiskal slot) 


nous 

before placement in the slot. Once the graft is in place f remove 
the vertebral spreader. Place the polyvinylidine spinal plate on 
the ven tra I surface of th e adjacent vertebral bodi es to secu re 
the bone graft in the slot. Secure the plate with two screws 
placed in each vertebral body. Drill and tap holes at a 20- to 
25-degree angle from the midline to prevent spinal canal pen¬ 
etration (Fig. 39-47). Determine screw length by assessing ver¬ 
tebra! body width and depth from cervical spinal radiographs. 
Place autogenous cancellous bon e on the ven fral s urface of the 
plate. Suture the paired longus colli muscles over the outage 
nous cancellous bone to hold it in place. Close the remainder 
of the incision routinely. 


over 


Stabilization with Harrington 
Spinal Distraction Rods 

Harrington spinal distraction rods provide distraction and sta¬ 
bilization in Wobbler patients without the use of a vertebral 
spreader Advantages of this technique include adequate spinal 
cord decompression of two adjacent intervertebral spaces with¬ 
out entering the spinal canal, reduced risk of iatrogenic spinal 
cord trauma, and improved recovery of patients with two le¬ 
sions. Disadvantages include inability to distract and stabilize 
only one intervertebral space, implant cost, and possibility ot 
implant failure in patients that do not tolerate a neck brace. 


NOTE ■ This technique is useful in patients with two 
adjacent lesions (generally C5-C6 and C6-C7). 


Stabilization with Polyvinylidine 
Spinal Plates 

Advantages of this technique over ventral slot decompres¬ 
sion alone include adequate spinal cord decompression 
without entering the spinal canal, reduced risk of iatrogenic 
spinal cord trauma, and improved recovery. Disadvantages 
include high incidence of implant failure in patients that do 
not tolerate a neck brace, need for a donor or bone bank, 
time necessary for allograft incorporation into an interbody 
fusion, and inability to provide adequate stabilization in pa¬ 
tients with multiple lesions. 


NOTE * This technique is most useful in patients with 
two adjacent lesions (generally C506 and C6-C7). 

















1248 


PA RT V Neu rosu rgery 


place a lag screw. Place cancellous bone around the joints to 

promote arthrodesis . Place an autogenous fat graft over 
laminectomy site to help prevent formation of a fibrous 
laminectomy membrane fhat could result in spinal cord com* 
p res s ion . A pprox ima te pa rasp i nal mu scles and fasci a; close 
remaining tissues routinely. 


Approach the ventral aspect of the affected vertebrae as de¬ 
scribed for ventral slot on p , 1216. Fenestrate the interverte¬ 
bral spaces of affected vertebrae. Create slots in the verte¬ 
bral end plates of affected vertebrae with a high-speed burr 
to precisely accept the tips of the distraction hooks (Fig, 
39-48). Turn the centrally placed nuts such that one nut 
moves toward each end to contact the hooks. Tighten the 
nuts to distract both hooks and intervertebral disk spaces. 
Place the in te rve rfeb ra I space in 2 to 3 m m of di s traction and 
crimp the nuts or secure cerclage wire to the bolt adjacent to 
each nut to prevent loosening. Place cancellous bone in the 
slotted defects to promote interbody fusion. Approximate 
longus colli muscles over the cancellous graft and close the 

remainder of the incision routinely. 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


See p. 1227 and [able 39-7 for surgical instruments for ex¬ 
posure of the cervical spine. Modified Gel pi retractors with 
blunted ends are useful for distracting affected vertebrae 
during stabilization procedures and are made by removing 
the hooked tips of a Gelpi retractor (f ig. 39-50), 


Decompression via Dorsal Laminectomy 


POSTOPERATIVE CARE 
AND ASSESSMENT 


identify and expose the dorsal aspect of affected vertebrae 
described for dorsal laminectomy on p. 1 220 , After ex¬ 
posure of the cervical vertebrae, identify affected vertebrae 
(see the discussion of unique anatomic landmarks of the 

vical spine on p . 1215). Remove dorsal spinous processes 
and laminae with rongeurs and a high-speed surgical burr ; 
respectively ; The laminectomy defect may be from three- 
quarters the length of each vertebra to a continuous laminec¬ 
tomy extending from C4-C7 , depending on the extent of the 


Immediate postoperative care includes administration of in¬ 
travenous fluids and analgesics, monitoring respiration, 
measurement of abdominal girth every 4 hours for 24 hours 
(be., for gastric dilatation-volvulus)> and monitoring for 
seizures (particularly if the patient had immediate preoper¬ 
ative myelography). Steroids should be discontinued imme¬ 


ns 


compressive lesion. Limit the width of the laminectomy to the 


medial aspect of the articular facets of the cranial vertebra 


(Fig. 39-49). First burr the lamina to the level of the perios¬ 


teum of the inner cortical layer. Use a dental 


spatula 


to carefully penetrate the periosteal layer and enter the 


spinal canal (see Fig. 39-24 on p, ? 225), Use an ophthalmic 


forceps and No. 1 1 scalpel blade to gently excise and re 


the ligamentum flavum en bloc. If lateral compression 


move 


exists, use rongeurs to resect the lateral aspects of the verte 


bral arches to the level of the vertebra/ artery and vein. Re¬ 


sect hypertrophied joint capsule and It go men turn flavum to 


achieve lateral decompression of the spinal cord. Place 


transarticular lag screws for vertebral stabilization if neces- 


on appropriate-size hole through the cranial and 


: Drill 


sa ry 


caudal articular facets, bilaterally Remove articular carti¬ 


lage using 


high-speed surgical burr, tap the hole 


, and 


a 


FIG 39-48 

Proper placement of a Harrington rod to provide traction 
a stabilization of the affected intervertebral space. 


FIG 39-49 

Perform dorsal laminectomy at multiple intervertebral spaces 
if necessary, to decompress the spinal cord. 


on 
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diately after surgery and the neck collar replaced with a body 

harness. 

Postoperative use of a neck brace is generally dictated by 
the technique chosen and patient cooperation. Patients that 
have ventral traction-stabilization using plastic spinal plates 

or Harrington rods should wear a neck brace for the first 
4 to 6 weeks post operatively. Neck braces should not be used 
in patients that do not tolerate them, as they may damage the 
implant while fighting the presence of the neck brace. These 
patients should be strictly confined to cages. 

Postoperative management of ambulatory patients in¬ 
cludes strict confinement with harness walks two to three 
times daily for the first 2 to 3 weeks, then a gradual increase 
in exercise over the next 6 to 8 weeks. Slippery surfaces 
should be avoided. Postoperative management of nonambu¬ 
latory patients includes physiotherapy (passive range-of- 
motion exercises), hydrotherapy (swimming), and the use of 
a supporting cart until the dog has regained the ability to 

walk. 


rnent includes radiographic evaluation at 3, 6, 9, and 12 
months postoperatively and neurologic examinations as 
needed, depending on status (Le„ generally daily until am¬ 
bulatory, then 1, 2> 3, 6, 9, and 12 months postoperatively). 


COMPLICATIONS 


Complications may be short term (e.g., immediate postop¬ 
erative to 1 month) or longterm (e.g., greater than 1 month) 
and vary between procedures. Short-term complications and 
their most likely causes are listed in Table 39-22, The most 
common long-term complication in patients treated with 


Supporting carts can be constructed from plastic pipe 
and fabric. Neoprene, nylon, or leather harnesses are useful 
in weakly ambulatory patients. Special attention to good 

nursing care of recumbent patients is necessary to avoid de- 
cubital ulcers, urinary tract infections, and/or pneumonia. 
Heavily padded, dry bedding or waterbeds may prevent de¬ 
cub ital ulcers. 

Patients should be assessed initially by immediate post¬ 
operative radiographs to evaluate implants and by neuro¬ 
logic examination 48 hours after surgery. Long-term assess- 


FIG 39-50 

Vertebral spreaders made by cutting the tips off of Gelpi 
retractors. 


TABLE 39-22 


Short-Term Postoperative Complications in Wobbler Patients 


SURGICAL 

TECHNIQUE 


SHORT-TERM 

COMPLICATION 


CLASSIFICATION 


CAUSE OF COMPLICATION 


Chronic 
degenerative 
disTc disease/ 
vertebral tipping/ 
hourglass 
compression 


Steinmann pins and 

bone cement 


Deteriorating neurologic 
status 

Pin fracture 
Pin migration 
Cement fracture 

Implant pulls off vertebrae 

Deteriorating neurologic - 
status 

Screw loosening 
Deteriorating neurologic 

status 

Rod loosens or slips off 
Deteriorating neurologic 
status 

Deteriorating neurologic 
sta tu s 


Pin in spinal canal; implant failure 

Insufficient confinement; pin too small 
Unnotched pin; didn't cover pin with cement 
Never reported 

Improper angle of pin placement; didn't em 

gage two cortices with pins 
Screw in spinal canal; implant failure 

Insufficient confinement; neck brace not worn 
Hook in spinal canal; implant failure 

Insufficient confinement; neck brace not worn 
Slot excessively wide; slot caused spinal insta¬ 
bility; entire compressive mass not removed; 
insufficient confinement 
Laminectomy caused increased instability; ex¬ 
cessive spinal cord manipulation; insufficient 

confinement 

Laminectomy caused increased instability; ex¬ 
cessive spinal cord manipulation; inappro¬ 
priate articular facet stabilization 


Polyvinyfidine 
spinal plates 

Harrington rod 


Ventral slot 


Dorsal laminectomy 


Dorsal laminectomy 


Li g a me n Hi m flavum 


Deteriorating neurologic 
status 


yper trophy/ 
vertebral arch 
malformation 
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# 
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* r w 


Fusion of old lesion 


FIG 39-51 

Interbody fusion from a previous traction-stabilization procedure may cause increased 
stress on the intervertebral spaces cranial and caudal to the fused space. This may result in 
Instability and formation of a second lesion at these stressed spaces. 


ventral slot or ventral tract!on-stabilization for chronic de¬ 
generative disk disease, vertebral tipping, or hourglass com¬ 
pression is development of a second compressive lesion at 
the interspace adjacent to the previously affected interspace. 
It is presumed that once an intervertebral space is fused, 
stress at the adjacent interspaces is increased. It is possible 
that this increased stress encourages development of spinal 
instability and subsequent spinal cord compression in some 
patients or that some patients have a predisposition to disk 
degeneration in the lower cervical spine that encourages a 
second lesion. Whatever the cause, this phenomenon is re¬ 
ferred to as the domino effect and has been reported to occur 
in 25% of patients at 5 to 60 months postoperative!/ ( Fig. 
39-51). (Bruecker et al, 1989). It is also important to avoid 
fenestrating the intervertebral spaces cranial and caudal to 
the affected interspace for placement of vertebral spreaders. 
Fenestration causes spinal instability and may predispose the 
patient to a second (domino) lesion. 


Dixon BC, Tomlinson JL, Kraus KH; Modified distraction- 
stabilization technique using an interbody polymethylmethacry¬ 
late plug in dogs with caudal cervical spondylomyelopathy, j Am 
Vet Med Assoc 208:61,1996. 

Goring RL, Beale BS, Faulkner RE: The inverted cone depression 
technique: a surgical treatment for cervical vertebral instability 
Wo bbier syndro m e 1 '' l rt D oberman p in schers, 1. / A m Anim Hosp 
Assoc 27:403, 199 k 

Lyman R: Wobbler syndrome: continuous dorsal laminectomy is 
the procedure of choice. Prog Vet Neurol 2:143, 1991. 

Macy NR, Les CM, Stover SM, Kass PH: Effect of disk fenestration 
on sagittal kinematics of the canine C5-C6 intervertebral space. 
Vet Surg 28:171, 1999, 

McKee VM et al: Vertebral distraction-fusion for cervical spondy¬ 
lopathy using a screw and double washer technique, / SWi 
Anim Pract 31:27,1990, 

Seim FIR: Wobbler syndrome: ventral decompression and stabiliza¬ 
tion is ilidicated, Prog Vet Neurol 2 :143, 1991, 

Seim HR: Wobbler syndrome in the Doberman pinscher, Canine 

Pract 19:23, 1994. 

Wilson FR, Aron DN, Roberts RE: Observation of a secondary 
compressive lesion after treatment of caudal cervical spondy¬ 
lomyelopathy in a dog, J Am Vet Med Assoc 205:1297,1994. 


PROGNOSIS 


Prognosis for patients treated conservatively is guarded but 
also depends on classification, severity of neurologic signs, 
and number of lesions (see Table 39-19). The prognosis for 
surgically treated patients is dependent on disease dassifica- 
1 1 on, severity of neuroIogic delicit, number of lesions, method 
of therapy available, and quality of aftercare (see Table 39-21). 


ATLANTOAXIAL INSTABILITY 


DEFINITIONS 


Reference 


Atlantoaxial instability is an alteration of the dens and/or 
ligaments that span the multifaceted, diarthrodial atlantoax¬ 
ial articulation and cause instability, vertebral subluxation, 
and subsequent spinal cord and nerve root compression. 


Bruecker KA, Seim HR, Blass CE: Caudal cervical spondy¬ 
lomyelopathy: decompression by linear traction and stabiliza¬ 
tion with Steinmann pins and polymethylmethacrylate, / Am 
Anim Hasp Assoc 25:6 77, 1989, 


SYNONYMS 


Suggested Reading 


Atlantoaxial subluxation, atlantoaxial luxation 


DeVries W| et al: Effect of volume variations on osteogenic capa¬ 
bilities of autogenous cancellous bone graft in dogs. Am} Vet Res 
57:1501, 1996. 

Dixon BC, Tomlinson JL, Kraus KH: A modified distraction- 
stabilization technique for canine caudal cervical spondy¬ 
lomyelopathy using an interbody polymethylmethacrylate plug, 
Vet Surg 24:425, 1995. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Atlantoaxial instability is probably a congenital and/or de¬ 
velopmental problem resulting in an unstable articulation 
between the first two cervical vertebrae. Laxity may result 
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FIG 39-52 


Ligamentous structures associated with the atlantoaxial joint. A, Fracture of the dens and 
rupture of the atlantoaxial ligament result in instability, (a) Dorsal atlantoaxial ligament, 
(b) transverse ligament, (c) alar ligaments (paired), (a) apical ligament, (e) fracture/ 
malformation of the dens. B, Rupture of ligamentous supporting structures of the 
atlantoaxial joint causes atlantoaxial instability, (o) Dorsal atlantoaxial ligament, 

(b) transverse ligament, (c) paired alar ligaments, (d) apical ligament. 


from fracture, absence, hypaplasia, or maIformalion of the 
dens, resulting in a nonfunctional attachment of alar, api¬ 
cal, and/or transverse ligaments (Fig. 39-52, A ), or im¬ 
proper formation, laxity, or rupture of the alar, apical, 
transverse, or dorsal atlantoaxial ligaments, resulting in 
lack of ligamentous support between the atlas and axis 
[ Fig. 39-52, B). Trauma may elicit clinical signs in animals 
with laxity as a result of these causes. Instability predis¬ 
poses the patient to spinal cord and nerve root compres¬ 
sion, often resulting in neck pain and ambulatory to non¬ 
ambulatory tetraparesis. 

DIAGNOSIS 

Clinical Presentation 

Signalment. Atlantoaxial instability primarily occurs in 
toy-breed dogs. It has occasionally been reported in large- 
breed dogs and rarely in cats. It generally (56%) occurs in 
dogs younger than I year of age (McCarthy et al, 1995). Dogs 
that present with clinical signs at an older age generally have 
had instability since birth, but recent trauma has caused sig¬ 
nificant spinal cord and nerve root compression. 

History, Progressive tetraparesis and incoordination, of¬ 
ten associated with neck pain, are expected. Acute presenta¬ 
tions can occur after seemingly minor trauma. Owners may 
report that the dog dislikes having its head touched. 

Physical Examination Findings 

General physical examination findings are usually normal. 
Neurologic examination reveals a dog with motor weakness 
and upper motor neuron (UMN) signs to the front and 
hindlegs. Patients present with varying degrees of neck pain. 
Ventral flexion of the head will often exacerbate neck pain 
and may worsen the neurologic condition. Care must be ex¬ 
ercised during cervical flexion because the dens (it present) 
can cause spinal cord compression. Force!ul flexion must be 
avoided at all times. 


NOTE • Do not forcefully flex the neck of these pa¬ 
tients, Flexing the neck may exacerbate neurologic 
deficits. 


Radiography/Ultrasonography 

A preliminary lateral radiograph without anesthesia allows 
diagnosis of atlantoaxial instability with significant subluxa¬ 
tion (Fig, 39-53). A flexed lateral view of the anesthetized an¬ 
imal may be necessary to reveal increased laxity and sub lux¬ 
ation ofCl-C2. The instability is most pronounced dorsally. 
A gap of 4 to 5 mm between the lamina of Cl and dorsal 
spine of C2 is diagnostic (see Fig. 39-53). Ventrodorsal and 

open mouth views may show absence or fractionation of the 
dens. Because the open mouth view requires flexion of the 
neck, it is not routinely recommended. 

Laboratory Findings 

Laboratory findings in patients with atlantoaxial instability 
are generally normal. Young patients or those previously 
treated with corticosteroids may have slight elevations in 
serum alkaline phosphatase activity. 


DIFFERENTIAL DIAGNOSIS 


Presumptive diagnosis of atlantoaxial instability is made in 
young, toy-breed dogs with a history of neck pain and acute 
or progressive, ambulatory or nonambulatory, UMN tetra¬ 
paresis* Diagnosis of atlantoaxial instability and exclusion of 
fracture/luxation is confirmed by survey radiography. 


MEDICAL MANAGEMENT 

Medical treatment consisting of strict confinement for 3 to 4 
weeks, a neck brace that maintains the neck and head in ex¬ 
tension, and short-term corticosteroids may alleviate symp¬ 
toms. The neck brace, constructed of padded splint material, 
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TABLE 39-23 


Corticosteroid Dosage 


Dexamethcisone (Azium) 


Q.2-1,1 mg/kg IM bid 


A 


Preoperative Management 

The animal should be given intravenous fluids and steroids 
before surgery. Steroids are given to protect the spinal cord 
from the possible traumatic effects of surgical manipulation. 
The steroid of choice is methyl prednisolone sodium succi¬ 
nate (30 mg/kg intravenously), Serum glucose concentra¬ 
tions should be assessed before, during (every 30 to 60 min¬ 
utes), and after surgery in toy breeds. Supplementation with 
d ext ros e - contai n i n g fluids m ay be n ece ssa r y d u ri ng s u rgery. 

Anesthesia 

See p. 1213 for suggested anesthetic protocols for use in dogs 
with cervical spinal disorders. The patient s neurologic status 
and positioning for surgery are important preanesthetic 
considerations. If the patient has motor weakness (e.g„ am¬ 
bulatory tetraparesis, weakly ambulatory tetraparesis, or 
nonambulatory tetraparesis) or will require positioning that 
may cause respiratory compromise, mechanical ventilatory 
support should be considered. Trauma to the cranial cervical 
spinal cord during reduction of the atlantoaxial instability 
may cause transient respiratory arrest. Ventilatory support 
during surgical manipulation of atlantoaxial subluxation is 
therefore recommended. Care should be taken to avoid hy¬ 
pothermia and these animals should be actively rewarmed 
after surgery. 


FIG 39-53 

A, Lateral survey radiograph of a normal dog with the neck 
in ventral flexion. Notice the distance between the dorsal 
lamina of Cl and dorsal spine of C2 (arrowj, B, Lateral 
survey radiograph of a dog with atlantoaxial instability; the 
neck is in ventral flexion. Notice the distance between the 
dorsal lamina of Cl and dorsal spine of C2 (arrow). This 
gap is diagnostic of atlantoaxial instability. 


such as x-ray film or fiberglass casting material, must be 
worn during the 3 to 4 weeks of confinement, ensuring max¬ 
imum scar tissue formation. Corticosteroids (Table 39-23) 
may be used for 24 to 48 hours. Recurrence is common. 


NOTE * Use extreme care during intubation to 
avoid excessive neck manipulation in these patients. 




SURGICAL TREATMENT 


Surgical Anatomy 

The cervical spine is unique in its variable anatomic config¬ 
uration from vertebra to vertebra, particularly C1-C2 (see 

on p, 1215 and p. 1216). Important 
anatomic variations during surgical repair of atlantoaxial in¬ 
stability are listed in Table 39-24. 


Surgical correction of atlantoaxial instability is indicated 
when neurologic dysfunction is mild to severe (i.e., severe 
neck pain or weakly ambulatory to non ambulatory tetra¬ 
paresis [with or without neck pain]) or a course of medical 
therapy has failed. In general, surgical management is more 
likely to be successful if (1) the animal is less than 2 years of 
age, 12 ) duration of clinical signs is less than 10 months, and 

ambulatory preoperat ively. Objectives of 


i 


Positioning 


(3) if the animal is 


Patients undergoing a ventral approach are positioned as de¬ 


surgery include reduction of atlantoaxial subluxation, de- 




scribed for ventral slot procedure on p. 1216 (see Fig. 39-5 


compression of spinal cord and nerve roots, and atlantoaxial 




p. 1218). The neck is p 1 aced in a siightly extended posh 


joint stabilization. Surgical techniques for decompression 


on 


tion and is fixed in mild linear traction. This position en- 


and stabilization fall into two major categories (i.e., dorsal 


courages reduction of the subluxation and helps decompress 


and ventral). 


the spinal cord and nerve roots. An area from the inter- 


mandibular space to the caudal cervical region, including 




The author prefers a ventral approach and 


NOTE * 


the heads of the humeri, is aseptically prepared. Patients un¬ 


placement of Kirschner wires and bone cement (see 


dergoing a dorsal approach should be positioned in sternal 


p, 1253], 


recumbency with the head and neck slightly flexed (see Fig, 
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TABLE 39-24 


Anatomic Variation of the Atlas and Axis Important to Surgical Repair of Atlantoaxial Instability 


VERTEBRAE ANATOMY 


SURGICAL SIGNIFICANCE 


C1 -atlas 


Thin dorsal arch (laminae); no dorsal spinous 
p roc e ss 

No vertebral body, just thin ventral Fovea 
Ventrolateral diarthradial joints 

Prominent ventral tubercle 
Prominent wings 

Prominent dorsal spinous process 

Thin central vertebral body 

Prominent cranial articular processes 

Prominent caudal vertebral body 
Dens 

Bilateral ventrolateral diarthrodial joints 

Dorsal atlantoaxial ligament 


Poor implant-holding power dorsally 


Poor implant-holding power ventrally 

Good purchase for implants ventral ly; used to evaluate 


anatomic reduction 
Landmark for surgical localization 
Moderate implant-holding power dorsally and ventral ly 
Moderate implant-holding power dorsally, patient age and 
size dependent; landmark for surgical localization 
Poor implant-holding power ventrally 
Good purchase for implants ventrally; used to evaluate 


C2-axis 


anatomic reduction 
Good ventral purchase For implants 
May fracture or displace info spinal canal 
Good purchase far implants ventrally; used to evaluate 
anatomic reduction 

Moderate purchase of implants used to replace the ligament 


C1-C2 


Perform a dorsal approach to the cranial cervical spine as 
described on p. 1221. Peri osteal ly elevate epaxial muscle 
from the dorsal lam ina of the atlas and dorsal spin e, lam i na ; 
and pedicles of the axis. Carefully incise the atlantoaxial fas - 
da caudal to the arch of the atlas and enter the epidural 
space. Incise the atlantooccipitoi fascia cranial to the arch of 
the atlas and enter the epiduraI space, Gen fly th reo d a loop 
of 25 gauge orthopedic wire under the arch of the atlas in a 
cranial-fo-caudai direction. Thread the suture material 
through this loop of orthopedic wire and gently pull it under 
the arch of the atlas (Fig. 39 54, A). Drill two holes in the 
dorsal spinous process of the axis and pass the ends of the 
suture material through the holes; one from right to left and 
th e o ther from le ft to rig h t. Reduce the a flan toaxial jo in t a nd 
tie the suture ends to maintain reduction (Fig, 39-54 v BJ. 

Close muscle , subcutaneous tissue , and skin routinely. 

Ventral Stabilization 

The ventral approach allows accurate anatomic reduction for 
decompression; use of transartkular pins for stability (placed 
in the most solid portion of the atlas and axis); placement of an 
autogenous cancellous bone graft to encourage atlantoaxial 
arthrodesis; and odontoidectomy if indicated (e.g., in the case 
of a malformed dens). The technique is easy, fast* safe, and ef¬ 
fective and involves the placement of Kirschner wires or screws 
across the C1-C2 articulation (Fig. 39-54, C). Placement of 
Kirschner wires is described below. Screws may be used instead 
of pins, especially in large-breed dogs with traumatic subluxa¬ 
tion. The most common complication has been pin migration. 
This is effectively prevented by applying methylmethacrylate 
bone cement to the exposed portion of the Kirschner pins. 
Even though this fixation is not on the tension band side, it 
provides superior fixation to the dorsal approach* 


39-17 on p. 1221). An area from the occiput to the caudal 
cervi cal region is asept ically p rep a red. 


SURGICAL TECHNIQUES 

Dorsal Stabilization 


The dorsal approach allows reduction of the sub luxation 
and fixation of the dorsal lamina of Cl to the dorsal spine of 
C2. bony decompression is provided by hemilaminectomy 
or reduction of the subluxation. Hemilaminectomy provides 
dorsal spinal cord decompression but does not correct the 
instability or relieve ventral spinal cord compression; in fact, 
it reduces stability of the fixation* T hus it is not recom¬ 
mended, Rigid immobilization using dorsal lamina of 
C1-C2 is often unrewarding. Reduction of the luxation and 
immobilization of the vertebra, without hemilaminectomy, 
provide adequate decompression. Dorsal fixation is gener¬ 
ally provided by a loop of orthopedic wire, synthetic suture 
material, or autogenous graft (i.e*, nuchal ligament)* Re¬ 
gardless of the material chosen, it is passed under the lamina 
of Cl, over the spinal cord, and tied to two holes drilled in 
the dorsal spine of C2, The fixation relies on fibrous tissue to 
form a solid union. Frequent postoperative complications 
with this technique are possible, including breakdown of the 
suture or bone and tearing out of the suture with minimal 
strain because the dorsal arch of the atlas and dorsal spinous 
process of the axis in young toy-breed dogs have the consis¬ 
tency and strength of wet cardboard. Continued micromo¬ 
tion at the atlantoaxial joint, may cause the wire to fatigue 
and break. Additionally, improper placement of fixation ma¬ 
terial may result in spinal cord trauma. Inadequate reduc¬ 
tion of the subluxation and inappropriate stabilization, es¬ 
pecially if used in conjunction w T ith hemilaminectomy, are 

possible* 
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FIG 39-54 

A, For dorsal stabilization 
the dorsal arch of CL B, Pass the wire or 
dorsal spine of C2 and secure 
the atlantoaxial joints. 


of atlantoaxial subluxation, pass wire or suture material under 

suture material through holes drilled in the 
it. C, For ventral stabilization, place Kirschner wires across 


safe removal of articular cartilage. Use a hone curette or 
highspeed pneumatic drill to remove 
the articular surface, bilaterally : Expose the head of the 
humerus, drill a %-in Steinmann 

tex, and introduce a 
bone. Transfer the bone graft to the scarified atlantoaxial 

joints and reduce the subluxation, using the reduction for 
ceps or towel clamps . Select two oppropriate~ s ize from 

threaded Kirschner wires (0,625-in or 0.45-in) or 
ation pins. Start the first pin 
ca u do ven tra I bo dy o f th e axis , 
the alar notch on the cranial edge of the atlas , with the point 
of the pin angled ventrolly (Fig , 39-56, A). An airdriven or 

electric drill facilitates accurate and easy pin placement 
Place the second pin through the opposite joint, using s/mf 
lor landmarks. Cut the pins f leaving approximately 5 to 
7 mm protruding from the body of C2 and notch or slightly 
bend the exposed pin . Carefully mold methylmethacrylate 
bone cement to incorporate both pins (Fig. 39-56, BJ, 
Lavage the bone cement with cool saline to dissipate the neat 
of polymerization . Close muscle, subcutaneous tissue i, and 
skin routinely. 


AA joint 


approximately 50% of 


pin through the outer cor 
No. 0 curette to harvest cancellous 


acrylic fix - 


t / 


close to the midline on the 


\s. Direct the pin medial toward 


o 


T 


# 


I 


I 
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SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


FIG 39-55 


Use orthopedic reduction forceps to grasp the body of C2. 
Use traction and countertraction to reduce the atlantoaxial 
subluxation. 


When using the dorsal approach > braided polyester suture, 
nonabsorbable monofilament suture, or orthopedic wire are 
recommended fixation materials* For the ventral approach, 
methylmethacrylate bone cement is needed to prevent pin 
migration, and small fragment forceps or towel damps aid 
in reduction and stabilization during pin placement. 


A pproach to the ven tra I aspect of Cl -C 2 is as des cri h ed for 
ven tra I s lot on 

cles from the ventral aspect of the atlas and axis. Be careful 
not to cause excessive motion of the atlantoaxial joint during 
exposure. Identify and open the paired atlantoaxial pints . 
Dissect the joint capsule from the ventral aspect of the verte¬ 
bral bodies with a No. 15 scalpel blade to visualize articu- 

an ASIF small fragment forceps or towel 

clamp to grasp the midbody of C2 (Fig. 39-55). Place cau¬ 
dal traction on C2 to open the atlantoaxial joint, enabling 


p. 1216. Perios teally elevote Iong u s co111 mus - 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Patients with atlantoaxial instability should be evaluated 
postoperative!)' in a similar fashion as patients with other cer¬ 
vical spinal disorders. Because of the anatomic configuration 
of C1-C2 in young toy breeds, any form of fixation should be 


tar cartilage . Use 
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Schultz KS et al: Application of ventral pins and polymethyl¬ 
methacrylate for stabilization of atlantoaxial instability in three 
dogs, Vet Surg 23:426, 1994, 

Stead AC, Anderson AA> Goughian A: Bone plating to stabilize at¬ 
lantoaxial subluxation in 23 dogs, Vet Surg 30:409, 1991. 

Thomas WB, Sorjonen DC, Simpson ST: Surgical management of 
atlantoaxial subluxation in 23 dogs, Vet Surg 20:409, 1991. 
Wheeler SJ: Atlantoaxial subluxation with absence of the dens in 

rottweiler, / Sm Anim Prac 33:90,1992. 
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FRACTURES AND LUXATIONS 
OF THE CERVICAL SPINE 


Atlas notch 


DEFINITIONS 


B 


Traumatic or pathologic disruption of osseous and support¬ 
ing soft tissue structures of the cervical spine may result in 
vertebral fracture or luxation and subsequent spinal cord 
and nerve root compression. 
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SYNONYMS 


Cervical fracture, cervical dislocation, broken neck 

- 


Cement 


II 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 




Cervical vertebral fractures and luxations occur less often 
than fractures and luxations of the thoracolumbar spine. The 
most common cause of cervical fracture/luxation is automo¬ 
bile trauma. Other less frequent causes include dog fights, 
gunshot injuries, running head first into a solid object, hang¬ 
ing by a leash or collar, and underlying metabolic or neoplas¬ 
tic disorders resulting in bone demineralization (e.g., nutri¬ 
tional secondary hyperparathyroidism, osteosarcoma). 

Traumatic spinal fractures/luxations are induced by forces 
resulting in severe hyper extension, hyper flexion, compression, 
and/or rotation. They generally occur at or near the junction of 
a movable (kinetic) and immovable (static) vertebral segment* 
In the cervical spine, the skull, atlas, and dens and body of the 
axis form a unit called the cervicocranium (Fig. 39-57). The 
dorsal spinous process of the axis is secured to the lower cervi¬ 
cal spine by caudal articular facets, spinalis and semispinalis 
muscles, and nuchal ligament. This produces a static-kinetic 
relationship between the cervicocranium and lower cervical 
spine; the axis (C2) is the point of stress concentration. Trau¬ 
matic forces applied to the cervical spine therefore culminate at 
the axis (Fig, 39-58). Failure of supporting structures of the 
spine to resist such stress results in mechanical discontinuity 
(i.e., fracture or luxation) with resultant spinal cord and nerve 
loot compression. Proposed areas of the spine with a static- 
kinetic relationship include craniocervical, cervicothoracic, 
thoracolumbar, and lumbosacral junctions. 


FIG 39-56 

A, Place Kirschner wires in cross-pin fashion; wires are 
directed toward the alar notch to ensure proper placement. 
By Notch or bend the exposed ends of the Kirschner wires. 
Mold methylmethacrylate bone cement around both pin ends. 


considered marginal. Regardless of whether a dorsal or ven¬ 
tral approach is used, all forms of internal fixation should be 
supported with a neck brace, and strict cage confinement 
should be enforced until radiographic evidence of union. 


PROGNOSIS 


Generally, prognosis for patients treated medically is unfa¬ 
vorable because of recurrence of clinical signs. Prognosis lor 
patients treated surgically using a dorsal approach is related 
to implant success or failure. If implants fail, prognosis is 
unfavorable* If implants succeed, prognosis is favorable. 
Prognosis for patients treated using a ventral approach is fa¬ 
vorable to excellent; even patients that present with weakly 
ambulatory or nonambulatory tetraparesis have favorable 
return to an ambulatory status. 


Reference 


McCarthy RJ, Lewis DD, Hosgood G: Atlantoaxial subluxation in 
dogs, Compend Com Educ Pract Vfef 17:215, 1995* 


Suggested Reading 


NOTE ■ The most frequent anatomic location of 
cervical fracture/luxation is the cranial cervical re¬ 
gion with approximately 80% occurring at C1-C2* 


Beaver DP et al: Risk factors affecting the outcome of surgery for 
atlantoaxial subluxation in dogs: 4h cases (1978-1998), J Am Vet 
Med Assoc 216: 1104, 2000, 
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FIG 39-57 

Relationship of the structures (skull, atlas, and dens and body of the axis) that form the 
cervicocranium, 














FIG 39-58 

A static-kinetic relationship is produced between the cervicocranium and lower cervica 
spine; the axis is the point of stress concentration resulting in fracture/fuxation. 


Pathologic fractures generally occur when the integrity of 

bone is compromised because of an underlying disease 
process. Chronic calcium/phosphorus imbalances, primary 
and secondary neoplasia (e.g., multiple myeloma, osteosar¬ 
coma, metastatic neoplasia), and osteoporosis are examples 
of systemic disorders that can result in pathologic fracture. 
The cause of the underlying disorder must be determined 
and therapy instituted before spinal fracture/luxation repair. 


present with varying degrees of tetraparesis, depending m 
the amount of spinal cord contusion/compression, Qcra- 
sionally, patients may have no significant neurologic deficits 
initial presentation; however, deficits may occur several 
days after injury. Careful physical and neurologic examina¬ 
tions are necessary to detect subtle deficits. 

Physical Examination Findings 

Animals suspected of having cervical fracture/luxation 
should be handled with extreme caution. Because trauma is 
the most common cause, careful examination of all systems 
and treatment for shock are important. Patients with no ob¬ 
vious neurologic deficits should undergo a careful cervical 
spinal examination. Gentle palpation for an area of hyper- 
pathia (i.e., increased sensitivity to pain) can be performed 
by grasping the ventral aspect of the neck with thumb and 
fingers and gently squeezing each vertebral body. Discomfort 
on palpation suggests a lesion and warrants further diagnos¬ 
tics. Careful palpation of the spine may also reveal informa- 


DIAGNOS1S 

Clinical Presentation 




Signalment, There is no breed or sex predilection. Cer¬ 
vical spinal fractures may occur in any age dog and cat; how¬ 
ever, it is most common in patients younger than 5 years of 
age. 


History. Patients with fracture or luxation of the cervi¬ 
cal spine typically have a history of trauma. The majority 
have been hit by an automobile. They may appear to be in 
pain, hold their neck in a stiff, protected position, and/or 


























Chapter 39 Surgery of the Cervical Spine 1257 


lion as to the type of injury sustained. Crepitus, excessive 
movement, or anatomic discontinuity of the spine suggests 
an unstable fracture/luxation. These physical findings may 
be an important factor in assessing inherent stability (or in¬ 
stability) of the traumatized spine. 

Patients with neurologic deficits should undergo a careful 
neurologic examination to localize the fracture or luxation 
and to determine severity of spinal cord and nerve root com¬ 
pression. Characteristic findings of the neurologic examina¬ 
tion (UMN or lower motor neuron [LMN] signs to the front 
limbs, UMN signs to the hind limbs) allow accurate local¬ 
ization of the fracture/luxation* Because the most common 
location of cervical spinal fracture/luxation is C1-C2, the 
most likely sign is varying degrees of acute neck pain, with 
or without upper motor neuron tetraparesis, 

Radiography/Ultrasonography 

Survey and contrast radiography may be required to accu¬ 
rately diagnose spinal fractures and luxations. Survey radio¬ 
graphs may be taken of conscious or anesthetized animals. 
Conscious patients may protect the fracture/luxation during 
positioning; however, an uncooperative patient may cause 
unpredictable radiographic detail Survey radiographs of 
conscious patients should betaken during the initial workup 
so that spinal injury may be assessed. If surgery is necessary 
or closer radiographic evaluation is needed, the patient 
should be anesthetized. Advantages of anesthetizing the pa¬ 
tient for radiographs include excellent positioning and qual¬ 
ity radiographs. The disadvantage is loss of inherent support 
and increased instability of the spine during transport and 
positioning. 


FIG 39-59 

Lateral radiograph of a dog with a C2 fracture. Notice the 
fracture fragment dorsal to Cl lamina (arrow), malalignment 
of C1-C2 vertebral bodies, and craniodorsal displacement 
of C2. 


jury* Forces resulting in laminar and/or pedicle fracture, dor¬ 
sal spinous process fracture, articular iacet fracture, and 
supraspi nous/inter spinous ligament rupture (dorsal com¬ 
partment) are generally considered unstable* Forces result¬ 
ing in disk rupture, ventral longitudinal ligament rupture, 
and avulsion fracture of the ventral vertebral body (ventral 
compartment) are generally considered stable* Forces result¬ 
ing in a combination of dorsal and ventral compartment in¬ 
jury are generally considered unstable* These are only guide¬ 
lines; initial neurologic examination, physical examination, 
and serial neurologic examinations should be undertaken in 
combination with radiographic appearance to determine ul¬ 
timate patient management* 


NOTE * Anesthetized patients with possible neuro¬ 
logic abnormalities should always be handled care¬ 
fully* 


NOTE * Radiographs only reveal the status of 
spinal displacement at the time they are taken* It is 
possible that spinal displacement during the trau¬ 
matic episode was greater than that seen on radio¬ 
graphs* Evaluating the severity of spinal fracture or 
luxation radiographically must be done in conjunc¬ 
tion with neurologic examination findings. 


Typical radiographic findings in patients with cervical 
spinal fra c t ure/luxation include d i sco nt i nuity of b o ny s truc- 
tures (he., spinous process, lamina, pedicle, vertebral body), 
malalignment of the intervertebral space and/or articular 
facets, fracture lines in the body and/or spinous processes of 
involved vertebrae, loss of continuity or malalignment of the 
spinal canal, or any combination of these (Fig* 39-59)* 
Radiographs of the cervical spine may be difficult to inter¬ 
pret; oblique views are often necessary in addition to stan¬ 
dard lateral and ventrodorsal views. Patients with a fracture 
of C3, C4 S or C5 have an 85% of a second fractured vertebra. 


Myelography may be necessary if there is suspicion of 
herniated intervertebral disk material (i.e*, annulus fibrosus 
or nucleus pulposus), bone fragments in the spinal canal, no 
evidence of spinal discontinuity, or when radiographic find¬ 
ings do not correlate with neurologic examination* Myelog¬ 
raphy is infrequently necessary for definitive diagnosis or 
surgical planning of patients with cervical fracture/luxation* 

Laboratory Findings 

Patients with cervical fracture/luxation rarely have abnor¬ 
malities on CBC and biochemical profile unless the fracture 
is secondary to a metabolic disorder (e.g. T nutritional sec¬ 
ondary hyperparathyroidism). Because most patients pres¬ 
ent with severe neck pain, a stress leukogram may be seen, 


NOTE * A complete spinal series of radiographs 

cervical, thoracic, lumbar, and sacral) is 
needed; 20% of patients with traumatic spinal injury 
have a spinal fracture/luxation at a second location. 


I. e. 


Fractures may be classified as stable or unstable according 
to radiographic appearance and the force that caused the in- 
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mains unacceptably static, or deteriorates neurologically 
surgical therapy should be considered. Surgery may also be 
indicated if the fracture/luxation appears unstable* if the pa¬ 
tient presents weakly ambulatory or nonambulatory tetra- 

if conservative therapy is unsuccessful. 


Patients with a history of trauma or those that have under¬ 
gone recent treatment with corticosteroids may have ele¬ 
vated concentrations of hepatic enzymes. 


DIFFERENTIAL DIAGNOSIS 


Presumptive diagnosis of cervical fracture/luxation is based 
on a young dog presenting with a history of trauma and 
physical and neurologic examination findings consistent 
with neck pain and tetraparesis. Other differentials can usu¬ 
ally be eliminated by physical, hematologic, serum biochem¬ 
ical, cerebrospinal fluid* and/or radiographic evaluations. 
Diagnosis of cervical fracture/luxation is confirmed by 
radiography. 


SURGICAL TREATMENT 


Objectives of surgery in a patient with traumatic or patho¬ 
logic cervical spinal fracture/luxation are spinal cord and 
nerve root decompression and vertebral stabilization. Pa¬ 
tients with pathologic fracture must have the cause of the 
underlying disorder determined and medical therapy insti¬ 
tuted before surgical fracture/luxat io n repair. Once the un¬ 
derlying disorder has been controlled, treatment can be per¬ 
formed as described for traumatic fracture/luxation. 

Factors that should be considered when selecting a stabi¬ 
lization technique are location of the fractu re/luxation, spe¬ 
cial anatomic considerations, presence of a compressive le¬ 
sion within the spinal canal (e.g., osseous fragment, disk 
material), patient size, patient age, equipment available,and 
surgeon s experience. The influence that special anatomic 
considerations and fracture location have on technique se¬ 
lection is outlined in Tables 39-26 and 39-27, respectively If 
a compressive lesion is identified within the spinal canal the 
removal technique is dictated by lesion location. Ventral le¬ 
sions are usually removed via ventral slot technique (see 
p. 1216) and dorsal or dorsolateral lesions via dorsal 
laminectomy or dorsolateral hemilaminectomy, respectively 
(see p. 1220). Patient size affects the size and type of implant 

ilize the fracture/luxation: the larger the patient, 
the larger the implant. Patient age may influence the surgical 
technique chosen. Younger animals usually have softer, more 
cancellous bone, whereas older animals have harder, more 
compact bone. Implant selection will be based on specific 
holding power in various regions of the cervical spine. Sev¬ 
eral equally successful techniques for fractu re/luxation stabi¬ 
lization may be chosen, based on availability of specialized 
equipment or surgeon experience. 


MEDICAL MANAGEMENT 


Patient stabilization is the initial objective. Those patients 
with severe trauma should be treated for shock. The neck 
should be stabilized with a padded neck brace. Analgesics 
should be given to control neck pain ( 
p. 1236). Cage confinement should be encouraged. After pa¬ 
tient stabilization, physical and neurologic examination 
should localize the fracture/luxation. Radiographs of the 
cervical spine are taken while the patient is conscious, for 
initial assessment. The decision for conservative or surgical 
management is based on initial neurologic status, radio- 
graphic assessment of spinal stability, and serial neurologic 

examinations. 


[able 39-13 on 


Stable fractures in patients with strong voluntary motor 
movements are often managed successfully by conservative 
means, including strict cage confinement, neck brace, and 
antiinflammatory agents. Recommended drug treatment 

fable 39-25. Serial neurologic examfr 


n to ; 


regimens are uste 
nations should be performed twice daily to determine re¬ 
sponse to therapy. If the patient does not remain quiet and 
causes further displacement of the fractu re/luxation, re- 


\ TABLE 39^25 


Antiinflammatory Drugs Used with Cervical 
or Thoracolumbar Fracture/Luxation 


Reduction of the fracture/luxation may be 
facilitated and maintained by two techniques: (1) by 
drilling holes in the ventral bodies of the vertebrae 
cranial and caudal to the fracture/fuxation and plac¬ 
ing ASIF small fragment reduction forceps in the 
holes (Fig, 39-55), and (2) by fenestrating adjacent 

intervertebral disks or drilling holes into adjacent 
vertebra! bodies to accommodate a vertebral dis- 
tractor to gently distract affected vertebral bodies. 




Conservative Management; 
Dexamethasone (Avium) 


0.2-0.5 mg/kg IV at presentation, then 0.2 mg/kg PO 


bid for 2 days, then sid for 2 days*! 


Surgical Management: 

Methyiprednisoione (Solu-Medroi) 

30 mg/ka IV given once at anesthetic induction; discon¬ 
tinue after 1 

Dexemethasone (Avium) 

0.2 mg/kg PO, IM, or IV bid for 1 day, then sid 

day*t (if steroids are continued after surgery) 


C1-C7 body fractu res/luxations, traumatic cervical disk 
extrusions, and atlantoaxial subluxation are generally ap¬ 
proached vent rally. The ventral approach to the affected ver¬ 
tebra is performed as described for ventral slot {see p. 1216), 
An ASIF small fragment reduction forceps may be used 
to maintain reduction of a cervical fracture/1 taxation [Fig. 
39-60). Sleinmann pins and methylmethacrylate (bone ce- 


1 


* If the patient is improving, discontinue steroids and enforce strict 
confinement for 3 additional weeks. 

tIf signs of gastrointestinal upset or hemorrhage develop, discon¬ 
tinue corticosteroids. 
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merit) can be used successfully for selected cervical spinal 
fractures or luxations. Generally, vertebral body subluxation 
body fractures occurring from C1-C7 can be adequately 
stabilized with this technique (see Tables 39-26 and 39-27). 
Appropriate exposure for pin and bone cement placement 
generally requires one or two vertebral bodies cranial and 
caudal to the fracture/luxation to be visible. 


NOTE • The author strongly recommends using a 
ventral stabilization technique for C3-C7 fracture/ 

luxations. 


or 


In patients with vertebral luxations it is advi! 


to pre¬ 
pare a ventral slot and pack it with autogenous cancellous 


in TABLE 39-26 


Anatomic Variation of Cervical Vertebrae Important for Surgical Repair of Cervical Spinal Fractures/Luxations 


SURGICAL SIGNIFICANCE 


ANATOMY 


VERTEBRAE 


plant-holding power dorsallv 
Poor implant-holding power ventrally 
Good purchase for implants ventrally; used to 
ate anatomic reduction 
Landmark for surgical localization 
Moderate implant-holding power dorsally and 
ventrally 

Moderate implant-holding power dorsally; landmark 

for surqical localization 

holding power ventrally 
ise for imolants ventralk 


Thin dorsal arch (laminae); no dorsal spinous process 
No vertebral body, just thin ventral fovea 
Ventrolateral diarthroidal joints 

Prominent ventral tubercle 
Prominent wings 

Prominent dorsal spinous process 

Thin central vertebral body 
Prominent cranial articular processes 

Prominent caudal vertebral body 

Dens 

Bifaterol ventrolateral diarthroidal joints 

Dorsal atlantoaxial ligament 

Small dorsal spinous processes 
Prominent articular facets 
Prominent vertebral bodies 
Prominent transverse processes of C6 


Poor im 


Cl-Atlas 


evalu- 


C 2-Axis 




Poor implant- 

Good purchase for implants 
ate anatomic reduction 
Good purchase for implants ventrally 
May fracture of displace into spinal canal 
Goad purchase for implants ventrally; used to evalu¬ 
ate anatomic reduction 

Moderate purchase of implants used to replace the 
ligament 

Poor purchase for implants dorsally 
Good purchase for implants dorsally 
Good purchase for implants ventrally 
Landmark for surgical localization 


y; used to eva 


u- 


C1-C2 


C3-C7 


<» 


\ TABLE 39-27 


Summary of Surgical Stabilization Techniques for Cervical Spinal Fractures/Luxations, Depending Upon Fracture Location 


MOST RELIABLE 


SPECIAL ANATOMIC AND 
SURGICAL CONSIDERATIONS BONY PURCHASE 


FRACTURE 

LOCATION 


APPROACH AND FIXATION TECHNIQUE 


Dorsal—wire laminae; screw wings and wire 
between screws 

Ventral —pin through joint or wings, with or 
without bone cement 

Dorsal—wire or suture spine of C2 to arch of 

Cl 

Ventral —pins through joint, with or without 
bone cement; screws through joint 

Dorsal—wire dorsal spinous process with or 
without bone cement 

Ventral —pins in body or diarthroidal joint 
and bone cement; ventral body plate 


Dorsal —dorsal arch (laminae) 
and wings 

Ventral—diarthroidal joint and 

wings 

Dorsal—dorsal arch of Cl ; 
dorsal spinous process of C2 

Ventral—diarthroidal joints 

Dorsal—dorsal spinous process 

Ventral —lateral and caudal as¬ 
pect of vertebral body 

Dorsal —articular facets 

Ventral—vertebral bodies 


Respiratory arrest, lack of a 
vertebral body, thin dorsal 
arch (laminae) 

Respiratory arrest; lack of 
an intervertebral disk; two 
lateral diathroidal joints 

Respiratory arrest; venous 
sinus hemorrhage; narrow 
body (dorsal-ventral); thin 
spinous process 

Venous sinus hemorrhage; 
small dorsal spinous 

processes 


Cl 


C1-C2 


C2 


Dorsal—screws Marge breeds or wires (small 
breed) through articular facets 
Ventral —pins in body and bone cement (to 
span interspace or stabilize body fracture); 
ventral body plate (plastic or metal); inter¬ 
body screw 


C3-C7 
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FIG 39-60 

ASIF small fragment reduction forceps may be used to maintain reduction of a cervical 
fracture/luxation. 


bone to encourage interbody fusion. Ventral interbody screw 
fixation should not be used to stabilize vertebral body frac¬ 
ture or luxation because of an unacceptably high incidence 
of implant failure and vertebral body fracture. 

Fractures of the lamina of Cl and dorsal spine and lam¬ 
ina and pedicles of C2 can be approached dorsal ly as 
described on p. 1221 and stabilized with orthopedic wire, 
monofilament or nonabsorbable suture material, or methyl¬ 
methacrylate to reestablish continuity of displaced frag- 

Fig. 39-54, A and B on p. 1254). Placement of 
these various implants is described on p. 1253. Decompres¬ 
sive hemilaminectomy is performed only if bone fragments 
in the spinal canal cause spinal cord compression. Because 
laminectomy and hemilaminectomy decrease the stability of 
an already unstable spine, these procedures should not be 
routinely performed. 

Preoperative Management 

Patients should be given intravenous fluids and steroids be¬ 
fore surgery; Lhe latter are given to protect the spinal cord 
from effects of surgical manipulation. The steroid of choice 
is methyl prednisolone sodium succinate (30 mg/kg intra¬ 
venously), Preoperative prophylactic or therapeutic antimi¬ 
crobial therapy is dependent on criteria listed in Table 39-4 
(see p. 1214). Patients with open fractures (e.g*, gunshot 
wounds, bite wounds) require antibiotics. Fracture/luxation 
of the cervical spine often causes laceration of vertebral ve¬ 
nous sinuses. Surgical manipulation encourages further 
hemorrhage. Because venous sinus hemorrhage can be se¬ 


vere and life threatening, blood should he readily available 
for transfusion. 


Thoracic films should be evaluated in 
trauma patients for evidence of pneumothorax/ 
pneumomediastinum and/or diaphragmatic hernia¬ 
tion. 


NOTE 


■I 


Anesthesia 

Suggested anesthetic protocols for use in animals with cervi¬ 
cal spinal disorders are provided on p, 1213. the patients 
neurologic status and positioning for surgery are important 
preanesthetic considerations. Those with motor weakness 
(i.e., weakly ambulatory or nonambulatory tetraparesis) or 
those that require special positioning may be predisposed 
to respiratory compromise. Reduction of cranial cervical 
fracture/luxations (Cl to C3) may also traumatize the cra¬ 
nial cervical spinal cord, causing transient respiratory arrest. 
Ventilatory support during surgery is therefore recom¬ 
mended. 


Surgical Anatomy 

The cervical spine has a unique configuration from vertebra 
to vertebra, particularly Cl and C2 (Fig, 39-61; see Figs, 
39-1 and 39-3 on p, 1215 and p. 1216), Anatomic variations 
and their surgical significance when considering fracture/ 
luxation repair are listed in Table 39-24 (see p, 1253). 
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FIG 39*61 

Anatomic configuration of C1-C2. 


■ 


Positioning 

Patients undergoing a ventral approach are placed in dorsal 
recumbency with their chest in a V-trough and carefully se¬ 
cured with sandbags or a rigid vacuum type of apparatus to 
prevent lateral motion. Front legs are taped caudaily and a 
loop of rope is tied around the muzzle caudal to the maxillary 
canine teeth. The rope and tape are used to apply traction or 
counter-traction (based on radiographic evaluation) resulting 
in complete or partial fracture/luxation reduction and stabi¬ 
lization. .An area from the laryngeal cartilages to caudal to the 
manubrium sternj is prepared for midline cervical incision. 
Patients undergoing a dorsal approach should be posi¬ 
tioned in sternal recumbency with the head and cervical 
spine positioned to encourage fracture/luxation reduction 
and stabilization (see Fig. 39-17 on p. 1221). Cranial cervi¬ 
cal, midcervicah and caudal cervical exposures require slight 
variation in patient position (see Figs. 39-21 and 39-23 on 
p. 1223 and p. 1224). 

SURGICAL TECHNIQUES 

Stabilization with Pins 
and Methylmethacrylate 

The limiting factor of tiiis procedure is the amount of pin 
purchase in the relatively narrow vertebral bodies of the cra¬ 
nial cervical vertebrae. In patients with a C2 body fracture, 
pin purchase cramaliy is established by placing cross pins bi¬ 
laterally through the atlantoaxial joints (Fig, 39-62), and 
caudaily by placing pins in the caudal aspect of the C2 verte¬ 
bral body This fixation is generally adequate for mid-C2 
body fractures. However, if the caudal aspect of the C2 body 
is fractured, caudal pins are placed in the body of C3. 
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FIG 39*62 


Ventral stabilization of C1-C2 fracture/luxation using 
Steinmann pins and methylmethacrylate bone cement in the 
ventral vertebral bodies. Notice that the pins are placed 
through the C1-C2 articulation and caudal aspect of the C2 

vertebral body. 


polymerization. Close longus colli muscles cronial and 
caudal to the hone cement mass, 

thyroideus muscle f subcutaneous tissues / and skin routinely. 

Stabilization with Ventral Cross Pins 

Ventral cross-pin or screw stabilization is performed hi pa¬ 
tients with CI-C2 luxations or subluxations. The technique 
is described and illustrated on pp. 1253-1254, 

Stabilization with Ventral Spinal Plates 

Fracture/luxations of C2 to C7 may be stabilized by the use 
of ventral spinal plates. The fracture/luxation is exposed as 

described for ventral slot; however, the vertebral body era- 

/ 

nial and caudal to the fracture/luxation is also exposed. 


Close s ternohyoideus 


Reduce the fracture/luxation os described on p. J 258 and 
illustrated in Fig , 39-60 on p. 1260 „ Fashion on appropriate 
s izB p las tic o r meta l pla te to th 
bra I bodies, allowing for two 
the fracture/luxation. Determine 


After fracture/luxation reduction, place two appropriate- 
sized Steinmann pins at a 20- to 25-degree angle to the 
midline on the ventral surface of the vertebral bodies cranial 
and caudal to the fracture/luxation. Drive each pin into the 

vertebral body to engage two cortices (Fig. 39-63), Cut the 
pins to protrude 3 to 4 

each pin with 

bone cement 


e ven tra I a sped of the verte - 
screws cranial and caudal to 


screw length by evaluating 
vertebral body size from preoperotive radiographs. Drill 
screw holes 20 to 25 degrees from midline to engage two 

cortices. Tap the holes and apply the plate across the frac¬ 
ture/luxation (Fig. 39-64). 


cm from the vertebral body. Notch 
o pin cutter and place methylmethacrylate 
on the protruding pins f taking care to ensure 
that each pin is completely surrounded and covered with 
bone cement. Use cool saline lavage to dissipate the heat of 


It is impossible to safely engage two cortices unless screws 
are placed at an angle. 
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FIG 30-63 

Ventral stabilization of C3 to C7 fracture/luxation using Steinmann pins and 
methylmethacrylate bone cement in the ventral bodies. Notice that the pins 
away from the spinal canaL 
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FIG 30-64 

Ventral stabilization of C3 to C7 fracture/luxation using plastic spinal plates on the ventral 
vertebral bodies. Notice that the screws are angled away from the spinal canal. 










Identify the appropriate articular facets of the fractured or 
luxated vertebrae. Remove the articular surface of each facet 
with a curetfe or high-speed pneumatic drill. Reduce the 

frocture/luxation by grasping the dorsal spinous process 
cranial and caudal to the fracture/luxatian with towel for 
ceps. Bring the articular facets into opposition. Drill and tap 
appropriate-size holes in each facet Place one screw in 

each facet joint in log screw fashion (Fig. 39-65} , Harvest 

autogenous corticocancellous bone from the dorsal spinous 
processes of exposed vertebrae. Place the bone graft in end 
around the stabilized articular facets. Close epaxial muscles, 
subcutaneous tissue s, and skin routinely. 


Harvest autogenous cancellous bone from the /leads of fh 
humeri and place it in the fracture defect Close long us colli 
muscles over the plate and graft. Close subcutaneous tissues 
and skin routinely. 

Stabilization Using Articular 
Facet Screws 

Fractures and luxations rarely occur from C3 to C7. As small 
dorsal spinous processes in this region preclude the use of 
dorsal spinous process plates, the only dorsal technique for 
C3 to C7 stabilization is articular facet screwing. The spine is 
approached as described on p. 1222. 


e 
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TABLE 39-28 


Characteristics of Vertebral, Spinal Cord, and Nerve 
Root Neoplasia 


Ex trad ura I 

* 40% of tumors 

* Arise from bone ond paraspinal tissues 

* Prognosis is unfavorable (less than 50-50 chance of im¬ 
provement) 

Intradural-Extramedullary 

* 50% of tumors 

* Arise from nerve roots and meninges 

* Prognosis is guarded (50-50 chance of getting better) 

I n framed u I lary 

* 10% of tumors 

* Arise from glial cells 

* Prognosis is grave (patient will not get better) 


FIG 39-65 


Dorsal stabilization of C3 to C7 fracture/luxation using 
articular facet screws. 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Careful reduction and stabilization of cervical fractures are 
facilitated by the use of ASIF small reduction forceps and 
modified Gel pi retractors. 


NEOPLASIA OF THE CERVICAL 
VERTEBRAE > SPINAL CORD, 
AND NERVE ROOTS 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Patients with cervical spinal fracture/I meat ion should be 
evaluated postoperatively in a similar fashion as patients 
with other cerv ical spinal disorders. Because of the anatomic 
configuration of cervical vertebrae, particularly Cl and C2, 
any form of fixation is marginal at best. It is recommended 
that all forms of internal fixation be supported with a neck 
brace and strict cage confinement until radiographic evi¬ 
dence of union. 


DEFINITIONS 


Neurofibromas and neurofibrosarcoma arise from nerve 
connective tissue (medullary layer of a nerve fiber), Schwan¬ 
nomas are benign tumors of the neurilemma (Schwann 
cells). Meningiomas are slow-growing tumors that arise 
from arachnoidal tissue. Astrocytomas and ependymomas 
arise from spinal cord parenchymal cells. 


PROGNOSIS 


SYNONYMS 


Prognosis depends on appropriate case management, in¬ 
cluding assessment of presenting neurologic examination, 
radiographic classification of the fracture/luxation early sta¬ 
bilization (conservative or surgical), and proper preopera¬ 
tive and postoperative care. Dogs that undergo nonsurgical 
treatment of cervical fractures have a high likelihood of 
functional recovery. If adequate and early stabilization is 
performed (conservative or surgical), a favorable prognosis 
is possible. 


Spinal tumors , tumors of the spine , vertebral tumors, nerve 
too t tU mo rs 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Tumors may arise from numerous sites in and around the 
spinal cord. They may be. classified as primary bone, primary 
spinal cord, primary peripheral nerve root, primary 
paraspinal soft tissue, or metastatic tumors. It is important 
to try to classify the tissue of origin because it affects prog¬ 
nosis, Spinal tumors are also classified according to their 
location relative to the dura (i,e„ extradural, intradural- 
extramedullary, intramedullary) (Table 39-28). These loca¬ 
tions are usually determined myelographically. The majority 
ol canine cervical vertebral and spinal cord tumors occur ex- 
tradurally and generally arise from bone (e.g., multiple carti¬ 
laginous exostoses, osteosarcoma, fibrosarcoma, multiple 
myeloma, chondrosarcoma). Tumors may also metastasize to 


Suggested Reading 


Rruecker KA, Seim HB III; Principles of spinal fracture manage¬ 
ment, Sem Vet A 4ed Surg 7:71, 1992, 

Hawthorne 1C Blevins WE, Wallace LJ, Glickman N, Waters DJ: 
Cervical vertebral fractures in 56 dogs: a retrospective study, 

/ Am Anim Hasp Assoc 35:135, 1999. 

Wong WT, Emms SG: Use of pins and methylmethacrylate in stabi¬ 
lization of spinal fractures and luxations, / Small Anim Prac 

33:415, 1992. 
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the vertebra, causing spinal cord compression (i.e., heman- 
gio sarcoma, undifferentiated sarcoma, 

Lymphosarcoma is the most common canine soft-tissue ex¬ 
tradural spinal tumor. The majority of canine intradural- 

neurofi- 


lymphosarcoma). 


extramedullary tumors are nerve sheath tumors (he 
broma, neurofibrosarcoma, schwannoma) and meningiomas. 
Nerve sheath tumors arise from nerve roots, but often cause 
spinal cord compression because of their close proximity. 
Nerve sheath tumors have a predilection for the cervical spine. 
Meningiomas can arise from any location along the spinal 
cord, but are generally near the nerve roots. Intramedullary 
tumors are rare and include astrocytomas and ependymomas. 
Lymphosarcoma is the most common spinal tumor in cats 
and generally occurs extradurally. Intradural-extramedullary 
and intramedullary tumors are rare in cats. 


DIAGNOSIS 

Clinical Presentation 

Signalmens There does not appear to be a sex or breed 
predilection for cervical vertebral, spinal cord 
tumo r s > 

are older than 5 years of age; however, benign solitary or 
multiple cartilaginous exostoses most often occur in patients 
younger than 1 year of age. 


or nerve root 


The majority of patients with cervical spinal tumors 


FIG 39-66 

A, Lateral radiograph of a dog with a tumor of C6. Notice 
the lytic change in the body and transverse processes of C6 
(large white arrows)< B, Lateral myelogram of the dog in A* 
Notice the extradural compression of the spinal cord at the 
evet of C6 (small white arrows). 


NOTE • When considering differentials in patients 
with neurologic disorders, remember that ''tumors 

know no age." 


and third-eyelid protrusion) localizes the tumor to spina! 
cord segments C7 to T2. 


History. The classic history of patients with cervical 
spinal neoplasia is slowly progressing tetraparesis. However, 
some patients have an acute onset of neurologic abnormali¬ 
ties preceded by insidious, slowly progressing signs. Careful 
historical evaluation often reveals that subtle neurologic ab¬ 
normalities occurred before the acute episode. Historical 
features may also vary, depending on location of the neo¬ 
plasm with respect to the dura (i.e., extradural, intradural- 
extramedullary, or intramedullary). 


NOTE • Diagnosis and lesion localization depends 
performance and interpretation of the neurologic 

examination. 


on 


Radiography/Ultrasonography 

Survey radiography can be useful in evaluating spinal neo¬ 
plasia. Osteopreduction and osteolysis from vertebral tu¬ 
mors may be seen on survey radiographs (Figs. 39-66 and 
39-67). Some peripheral nerve tumors cause lysis of the in¬ 
tervertebral foramen (Fig. 39-68). Diagnosis of vertebral, 
spinal cord, and nerve root neoplasms requires myelogra¬ 
phy. Specific myelogr aphic techniques 

1204. Myelography identifies the lesion as extradural, in¬ 
intram eduilary; examples of 


Physical Examination Findings 


examination findings associated 


Physical and neurologic 
with vertebral, spinal cord, and nerve root tumors depend 

tumor location, degree of spinal cord compression, rate 
of tumor growth, and associated secondary effects ot the tu¬ 
mor. Pain is often associated with cervical spinal tumors, es- 

nerve root (i.e., intradural- 


on 


are described on 


P- 


1 r a d ur al- extra medu lla r y, 
myelographic abnormalities associated with each classifica¬ 
tion are described and illustrated on p. 1207 to 1209. Com¬ 
puted tomography scans or magnetic resonance imaging 
may be necessary to accurately determine extent of a verte¬ 
bral or spinal cord lesion. 


or 


pecially if they involve 
extramedullary), cause bone destruction or destruction of 
adjoining soft tissues, or are extradural. Tumors involving 

roots of the brachial plexus (spinal cord segments C6 


nerve 

to Tl> often produce forelimb lameness (i.e., monoparesis), 
progressing to hemiparesis or tetraparesis. Neurologic exam¬ 
ination may reveal UMN signs to the hind limbs and LMN 

to the forelimbs. Patients with an intramedullary tu- 
have acute paresis but no pain because there are no pain 


Laboratory Findings 

Laboratory findings in patients with vertebral and spinal 

cord neoplasia are generally normal but may reflect abnor¬ 
malities caused by a paraneoplastic syndrome. Changes in 


signs 

mor 

sensitive fibers within spinal cord parenchyma. The presence 
of Horner's syndrome (i.e., miosis, ptosis, enophthalmos, 
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FIG 39-67 


FIG 39-68 

Obliqued [45 to 60 degrees} cervical radiograph of a dog 
with spinal neoplasia. Notice the enlarged C6-C7 
intervertebral foramen (white arrowsj. 


Lateral myelogram of the cervical spine of a dog with _ 
tumor of the T1 spinous process and dorsal lamina. Notice 
the spinous processes of C7 and T2 (large white arrows} 
and the absence of the spinous process of T1. Profound 

is illustrated by the inability of 

contrast to move beyond the T1 vertebral canah 


a 


spinal cord compression i 


□ 


TABLE 39-29 


Differential Diagnoses That Mimic Cervical Vertebral and Spinal 

CLASSIFICATION EXAMPLES 


Cord Neoplasia Using the DAMN IT-V Scheme 

DIAGNOSTIC DIFFERENTIALS _ 

Plain and contrast radiography 
History; plain and stress myelography 

Plain and stress radiography 
Plain and stress radiography 
History; neurologic exam; laboratory findings 

Dietary history; plain radiography 


Degenerative 

Anomalous 


Cervical disk disease 


Wobbler syndrome 
Atlantoaxial instability 
Congenital malformation 

Any disorder causing generalized weakness [e.g., 
Addison's disease) 

Nutritional secondary hyperparathyroidism 
cause pathologic fractures) 


Metabolic 


Nutritional 


(may 


Neoplastic 

Immunologic 

Infectious 


Polyarthritis 

Polymyositis 

Cervical diskospondylitis 
Vertebral osteomyelitis 
Para spina I abscess 
Meningitis 

Cervical spinal fracture/luxation 
Fibrocartilaginous embolism 


Neurologic exam; laboratory data 
Neurologic exam; laboratory data 
History; plain and contrast radiographs 
History; plain and contrast radiograph 
History; plain and contrast radiograph 
History; CSF analysis 
History; plain radiographs 
History; CSF 


s 


s 


Traumatic 

Vascular 


lysis; myelography 


ana 


cerebrospinal fluid are 


MEDICAL MANAGEMENT 


usually no neon tributary; however 
type or evidence of an inflammatory process 

gest neoplasia. 






Medical management of cervical spinal tumors is directed at 
both the primary lesion and secondary effects of the tumor. 

Corticosteroids are com 


may sug- 


monly used to decrease peritumoraJ 
edema. The steroid of choke is methylprednisotone sodium 

succinate { Table 39-30). Definitive medical treatment, with¬ 
out surgery, is rarely recommended unless the tumor is in¬ 
accessible or the tumor type can be more effectively treated 
with chemotherapy or irradiation alone. Surgical exposure 
and incisional or excisional biopsy is usually necessary to de¬ 
termine tumor type and plan adjunct therapy 


DIFFERENTIAL DIAGNOSIS 


A list of differential diagnoses that mimic cervical vertebral 

plasia is 

ential diagnosis of vertebral and spinal cord tumor type 
based on location of tumor (j 

root, or metastasis) and myelographic classification (U 
liadurah intradural-extramedullary, or intramedullary). 


provided in Table 39-29, Differ- 


1S 


, nerve 


,e 


ex- 
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PA RT V Ne u ros u rge ry 


Wide laminectomy, laminotomy, facetectomy, and/or 
fo r a m e n o to rny a re re q u i r ed fo r ad eq uate exposn re o 1 mo s i 
extradural and intradural-extramedullary tumors. Dorsal 
laminectomy and durotomv are necessary for exposure and 

removal of intramedullary tumors. If stabilization is neces¬ 
sary articular facet screws are placed as described on p. 1262. 


} TABLE 39-30 


Steroid therapy 


Methy [prednisolone Sodium Succinate (Solu-Medrol) 

30 mg/kg IV, repeated bid if needed; not to exceed 2 

doses 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


SURGICAL TREATMENT 

Preoperative Management 

The animal should be given intravenous fluids and steroids 
before surgery. Steroids are given to protect the spinal cord 
fro m th e e ffe ct s of s u rgi ca 3 rn a m p u 1 at i o n ( s ee Tabl e 3 9 - 2 0 o n 
1243). The steroid of choice is methyl prednisolone 
sodium succinate (30 mg/kg intravenously}. 

Anesthesia 

See p. 1213 for suggested anesthetic protocols to use in ani¬ 
mals with cervical spinal disorders. The patient’s neurologic 
status and positioning for surgery are important preanes¬ 
thetic considerations. If motor weakness (e.g„ ambulatory 
tetraparesis, weakly ambulatory tetraparesis, or nonambula¬ 
tory tetraparesis) is present or if positioning may cause res¬ 
piratory compromise (e.g., sternal recumbency flexed neck, 
or lateral chest wall compression), mechanical ventilatory 
support should be considered. 

Surgical Anatomy 

The cervical spine has unique and variable anatomic config¬ 
uration from vertebra to vertebra, particularly Cl and C2 
(see p. 1213 and Figs, 39-1 and 39-3 on p. 1215 and p. 1216). 
Important anatomic variations are described on p. 1213 and 

39-24 on p. 1253. 

Positioning 

Generally, patients with cervical vertebral, spinal cord, or 
nerve root tumors require a dorsal approach because ventral 
approaches do not provide sufficient exposure for tumor re¬ 
section. Patients are positioned in sternal recumbency with 
the head and cervical spine gently flexed. Choice of cranial 
cervical, midcervical, or caudal cervical laminectomy is 
based on tumor location and may require slight variation in 
patient positioning (see Figs. 39-17, 39-21, and 39-23 on pp. 
1221, 1223, and 1224, respectively). 


Ultrasonic aspirators use high-frequency ultrasonic vibra¬ 
tion to fragment (phacoemulsify) tissue; they reduce dense 
masses to a nearly liquid state that can be atraumatically as¬ 
pirated. Ultrasonic aspirators are an invaluable addition to 
neurosurgical instrumentation, especially in removing neo¬ 
plastic tissue; however, cost may be prohibitive ($25,000 to 


F- 


$70,000). 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Patients with cervical spinal neoplasia should be evaluated 
postoperative!}" in a similar fashion as patients with other 
cervical spinal disorders. Adjunct chemotherapy, irradiation, 
immunotherapy or combination therapy is based on results 
of histopathology and surgical margins. 


PROGNOSIS 


Prognosis for patients with cervical vertebral, spinal cord 
and nerve root tumors depends 
neurologic status, tumor type, degree of surgical resection, 
and sensitivity to adjunct chemotherapy radiation, im¬ 
munotherapy or a combination of any of these factors. Ma¬ 
lignant extradural neoplasms usually have an unfavorable 
prognosis, benign extradural neoplasms have a favorable 

sms 


and postoperative 


prognosis, malignant and benign intramedullary neo 
have an unfavorable-to-grave prognosis, and extradural- 
intramedullary neoplasms have a guarded prognosis. Gener¬ 
ally patients with a better pre- and postoperative neurologic 
status have a more favorable prognosis. 
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SURGICAL TECHNIQUE 


Surgical objectives include exposure of the vertebral, spinal 
cord, or nerve root tumor; wide resection of neoplastic tis¬ 
sue; spinal cord and nerve root decompression; and verte¬ 
bral stabilization. If wide resection is not possible, biopsy 
and decompression should be attempted. Definitive diagno¬ 
sis of tumor type may suggest appropriate adjunct therapy. 
Patients with tumors of the cranial cervical, midcervical, or 
caudal cervical vertebrae, spinal cord, or nerve roots are ap¬ 
proached via cranial cervical, midcervical, or caudal cervical 
laminectomy respectively, as described on pp. 1220-1225. 


Selected abstracts of recent manuscripts 

Culbert LA et al: Complications associated with high-dose 
predisolone sodium succinate therapy in dogs with neuro- 
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logical injury, / Am Anim Hasp 34:129-134, 1998, This ret¬ 
rospective study of 105 dogs with neurological injury was 
conducted to evaluate the type and prevalence of complica¬ 
tions encountered when treatment consisted of a high-dose 
corticosteroid protocol. All dogs were treated with high-dose 
prednisolone sodium succinate (HDPSS) (30 mg/kg body 
weight, administered intravenously [IV] q 6 hrs for 36 hrs). 

Thirty-five (33,3%) cases developed complications includ¬ 
ing diarrhea (N = 11), melena (N = 11), vomiting (N = 6), 
hematochezia (N - 3), hematemesis (N = 1), anorexia 

1), o r a com bination (N = 2), Most complications re¬ 
solved without additional treatments after termination of 
the HDPSS therapy. None of the complications were consid¬ 
ered serious, and none prolonged hospitalization. 

Dernelf WS, et al: Outcome following treatment of verte¬ 
bral tumors in 20 dogs {1986-1995), J Am Anim Hasp Assoc 
36:245, 2000, This study evaluated the outcome after treat¬ 
ment of dogs with various vertebral tumors including 
primary (N = 15) or metastatic (N — 5) osteosarcoma 
(N = 14) or fibrosarcoma (N = 6). The dogs were treated 
with surgery (N — 4); radiation therapy and chemotherapy 
(N = 6); surgery and chemotherapy (N = 2); or surgery, ra¬ 
diation, and chemotherapy (N — 8), All dogs died due to 
their disease. Overall median survival time was 135 days, 
with a range of 15 to 600 days, Ol the factors evaluated, only 
postoperative neurological status had a significant influence 
on outcome by multivariate analysis. The authors concluded 
that a guarded prognosis is warranted in dogs with vertebral 
neoplasia and that better combinations of surgery, 
chemotherapy, and radiation therapy need to be defined for 
these tumors. 


Hasp Assoc 32:77,1996. The purpose of this study was to de¬ 
termine the significance of dorsal laminectomy as a treat¬ 
ment of cervical intervertebral disk disease. Cervical disk 
disease accounts for 14% to 16% of all intervertebral disk 
diseases in the dog. In this study, dorsal laminectomy 
used to treat 30 dogs with cervical intervertebral disk dis¬ 
ease. A variety of breeds were represented, and all animals 
weighed 15 kg or less. Myelography was utilized to locate 
each solitary disk herniation. The results of this study 
showed that all 30 cases progressed to complete recovery. 
Ihe authors conclude that complete recovery indicates that 
dorsal laminectomy may be performed with success in small 
dogs with intervertebral disk disease. 

Hanson SM, Rost wick DR* Twedt DC, Smith DO. Clinical 
evaluation of cimetidine, sucralfate, and misoprostol for 
prevention of gastrointestinal tract bleeding in dogs 
dergoing spinal surgery, Am J Vet Res 58( U):1320-1323, 
1998. The incidence of gastrointestinal (GI) tract bleeding in 
40 dogs undergoing spinal surgery and administered corti¬ 
costeroids was studied in a prospective fashion. Additionally 
the protective effects of cimetidine, sucralfate, and miso¬ 
prostol against such bleeding in these dogs was evaluated. 
Methylprednisolone sodium succinate was given at a dosage 
of 30 mg/kg of body weight prior to myelography, followed 
by a second lull or half dose 2 to 5 hours later at clinician dis¬ 
cretion. Dogs were divided into three treatment groups and 
received cimetidine, sucralfate, or misoprostol. Physical ex¬ 
amination and determination of PCV and serum total pro¬ 
tein values were performed daily. GI tract bleeding occurred 
in 36 of 40 dogs (90%) during the hospitalization period of 
3 to 6 clays; a higher rate than that found in previous studies. 
This bleeding was not life threatening. Prophylactic benefit 
from any of the GI protectants tested was not found. 

Hawthorne JC, Blevins WE, Wallace LJ, Glickman N, Waters 
DJ: Cerv ical vertebral fractures in 56 dogs: a retrospective 
study, / Am Anim Hasp Assoc 35:135, 1999. The purpose of 
this study was to review the clinicopathological features of 
cervical fractures in 56 dogs. “Hit by car” (HBC) was the most 
common inciting cause, and the axis and atlas were the verte¬ 
brae most frequen tly affected. Surgical treatment was associ¬ 
ated with high (36%) perioperative mortality. However, all 
dogs that survived the perioperative period achieved func¬ 
tional recovery. Functional recovery was achieved in 25 
(89%) of 28 nonsurgicaUy treated dogs with adequate follow¬ 
up, Overall, severity of neurologic deficits (nonambulatory 
status) and prolonged interval (5 days or longer) from 
trauma to referral were associated with poorer outcome. 
Nonsurgical treatment is a viable therapeutic approach for 
many dogs with cervical fractures. Early neck immobilization 
and prompt referral are recommended, because delay in re¬ 
ferral decreases the likelihood of functional recovery. 

Lemarie RJ et al: Vertebral subluxation following ventral 
cervical decompression in the dog, / Am Anim Hasp Assoc 
36:348, 2000. Nine dogs with radiographically verified 
vertebral subluxation following ventral slot procedures were 


wa s 


(N 


un- 


Fitch RR, Kerwin SC, Hosgood G: Caudal cervical interver¬ 
tebral disk disease in the small dog: role of distraction and 
stabilization in ventral slot decompression, / Am Anim 

Hosp Assoc 36:68, 2000, A retrospective study of 112 dogs 
weighing less than 35 lb presented with cervical interverte¬ 
bral disk protrusions was performed in order to define clin¬ 
ical outcome. Although the second to third cervical (C2-C3) 
intervertebral space was the most common site (27%) of 
disk protrusion, 57% of disk protrusions presented were 
caudal to the fourth cervical (C4 ) vertebra. Dogs with cra¬ 
nial intervertebral disk protrusions, including the C2-C3 
and C3-C4 intervertebral disk spaces, responded favorably 
to ventral slot decompression. By comparison, caudal inter¬ 
vertebral disk protrusions (within the C4 to C7 interverte¬ 
bral disk spaces) responded less favorably to ventral slot de¬ 
compression, demonstrating significantly more severe 
clinical effects in motor function, comfort, recovery, and 
long-term outcome following surgery. Significant improve¬ 
ment in clinical results was seen in caudal disk protrusions 
when additional surgical distraction and stabilization 
provided following ventral slot decompression. 

GUI PJ, Lippincott CL, Anderson SM: Dorsal laminectomy 
in the treatment of cervical intervertebral disk disease in 
small dogs: a retrospective study of 30 cases, / Am An/m 


were 
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signs. The median survival time of the 22 cases that were fol¬ 
lowed postoperatively was 24 0 days* Twelve (32%) of the 37 
cases had nerve-sheath tumors; the median survival time for 
these 12 cases was 180 days. No prognostic indicators were 
identified. Median survival times of cases with benign vs. 
malignant tumor types were 1410 days and 180 days, respec¬ 
tively* Four cases each had a myxoma/myxosarcoma, a tumor 
previously unreported in the spinal canal In dogs. 


studied. Intervertebral spaces between the C4 and C7 cervi¬ 
cal vertebrae were involved. Clinical signs of subluxation in¬ 
cluded neck pain; neurologic signs; and lack ol clinical im¬ 
provement, worseni ng of signs, or recurrence of signs after 
ventral slot. In most (7 of 8), the ventral slot width to verte¬ 
bral body width ratio was 0,50 or greater. In 7 of 9 cases, sur¬ 
gical correction consisting of distraction and stabilization 
ith methylmethacrylate and pins was performed, and re¬ 
sulted in improvement. In the two dogs not undergoing sur¬ 
gical correction, improvement was not noted. 

Levy MS, Kapatkin AS, Patnaik AK, Mauldin GN, Mauldin 
GE: Spinal tumors in 37 dogs: clinical outcome and long¬ 
term survival (1987-1994),/ Am Anim Hosp Assoc 33:307, 
1997, Postoperative survival time and prognostic indicators 
for survival were examined in 37 dogs with spinal canal neo¬ 
plasia, The cervical region was affected most commonly, and 
23 (62%) of 37 cases had extra dual tumors. A hemilaminec¬ 
tomy or a dorsal laminectomy was performed in each case; 
t h re e cases received a dj uvan 11 real m en t. O n e d og was e utha - 
nized 20 days after surgery because of persistent clinical 


w 


Macy NB et al: Effect of disk fenestration on sagittal kine¬ 
matics of the canine C5-C6 intervertebral space, Vet Surg 
28:171,1999, A repeated measures in-vitro mechanical study 
of spinal range of motion under controlled loading condi¬ 
tions before and alter fenestration was performed on 10 ca¬ 
nine cervical vertebral specimens. Specimens were loaded as 
cantilever beams fixed at C7. Weights were progressively ap¬ 
ex tens! on in the sagittal 


to produce flexion or 


plied to C4 

plane. The results showed the range of motion and flexion 
and extension angles significantly increased after fenestra¬ 
tion. The authors concluded that ventral fenestration pro¬ 


duces sagittal instability of C5-C6 disk space. 
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ANESTHETIC CONSIDERATIONS 
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Anesthetic management for thoracolumbar spinal cord sur¬ 
gery is similar to that described for animals with cervical le¬ 
sions. A selected anesthetic protocol is given in Table 39-3 on 
p. 1214. Mechanical or intermittent positive-pressure venti¬ 
lation may help patients with respiratory compromise (e.g 
pulmonary hemorrhage)* 


• - v 
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DEFINITIONS 


Dorsal laminectomy is the removal of the dorsal spinous 
processes and portions of the lamina, articular facets, and 
pedicles of affected vertebrae. Funkquist A dorsal laminec¬ 
tomy refers to removal of the vertebral lamina, articular 
facets, and pedicle to a level corresponding to the middle of 
the dorsoventral diameter of the spinal cord, whereas a 
funkquist B dorsal laminectomy is removal of the lamina 
above the dorsal aspect of the spina) cord (articular facets 
and pedicles are not removed). A modified dorsal laminec¬ 
tomy is similar to a Funkquist B procedure; however, the en¬ 
tire caudal articular processes are removed and the laminec¬ 
tomy edges undercut, causing additional exposure of the 
spinal canal. Deep dorsal laminectomy involves removal of 
dorsal lamina, articular facets, and pedicles to the ventral 
pect of the vertebral canal. Hemilaminectomy is unilateral 
removal of lamina, articular facets, and portions of the 
pedicle of affected vertebrae, Minihemilammectomy or 
pcdiculectomy is removal of portions of the pedicle at the 
level of the intervertebral foramen. 




ANTIBIOTICS 


Use of prophylactic or therapeutic antibiotics should be 
based on criteria provided in Table 39-4 on p, 1214. Cefa- 
zolin (Table 40-1) is the antibiotic of choice for 
surgery patients because of its Iow r toxicity and excellent in 
vitro activity against common pathogens. 


neurologic 


SURGICAL ANATOMY 


The vertebral body, lamina, pedicle, dorsal spinous process, 
transverse processes, accessory processes, and articular facets 
of each vertebra are unique in anatomic configuration. Figs. 
40-1 and 40-2 illustrate the unique anatomy of T11 and L5, 
respectively. Vertebral venous sinuses run longitudinally on 
the ventrolateral floor of the spinal canal. The dorsal longi¬ 
tudinal ligament lies directly on the ventral floor of the 
spinal canal with venous sinuses running on each side (see 
Fig. 40-17). This is also the location of the intervertebral 
foramen, its exiting nerve root, and radicular artery. Neuro¬ 
surgeons should have an appropriate anatomic specimen (in 
addition to a thorough knowledge of regional anatomy) 
available for reference. 


as- 


PREOPERATIVE CONCERNS 


Serial neurologic examinations should be done to determine 
surgical urgency. Patients with severe neurologic deficits, de¬ 
terioration, or unacceptably static neurologic examinations 
may require immediate surgery. Patients with possible un¬ 
stable spinal fractures or luxations should be immobilized 
on a rigid platform or placed in a back brace until defini¬ 
tively diagnosed. Spinal surgery generally requires spinal 
cord and/or nerve root manipulation to treat the underlying 
disorder (e.g., removal of disk material or neoplasm, fracture 
stabilization). Preoperative corticosteroid administration 
may partially protect these structures during surgery; how¬ 
ever, steroids may predispose lo gastrointestinal ulcera- 


i 


TABLE 40-1 




Perioperative Antibiotic Therapy 


Cefazolin (Antef or Kefrol) 

20 mg/kg IV at induction, repeat at 4- to 6 hour intervals 


ours 


tion/perforation (see Table 39-11 on p. 1234). 
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Modified Dorsal Laminectomy 

Modified 

compressive masses in 




SURGICAL TECHNIQUES 
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incision over the dorsal midline to include two spin¬ 
ous processes cranial and caudal to the lesion . Use a pe¬ 
riosteal elevator or small osteotome to subpenosteolly ele 

vote epaxial muscles from dorsal spinous processes , lamina, 
articular facets / and pedicles of affected vertebrae (Fig. 

40-5). Use Gelpt retractors to facilitate gentle retraction of 
epaxial musculature during dissection. Control soft-tissue 
hemorrhage with bipolar cautery. Remove the exposed dor 
sal spinous processes to the level of the dorsal lamina with 


large > single-action duckbill rongeurs f 


Fig. 8-181 Use a 
e outer cortica 


ite) 


pneumatic air 

layer of bone from the lamina of both vertebrae. Remove ar¬ 
ticular processes of the cranial vertebrae with the drill , work¬ 
ing carefully so as much of the cranial articular processes 

left intact as possible (Fig. 40-6). Continue drilling the 
dorsal lamina until the medullary layer of bone is encoun¬ 
tered lit is red in appearance f soft f and easily drilled). Care 
fully burr this layer until the white inner cortical layer is visu- 

40-7). The inner cortical layer is easily 

recognized in the midlaminar portion of each vertebral 
body; however, it becomes more difficult to recognize at the 
in tervertebral space , where bone appears white throughout 

drilling (see Fig. 40-7) r Before drilling over the intervertebral 
space, remove the interarcuate ligament (i.e., ligamentum 
flavum; yellow ligament) using sharp dissection with a No. 

1 1 Bard-Porker scalpel blade. Do not use a pneumatic bone 
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it tends to grab soft tissue and force the drill clown 
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ward toward the spinal canal. Estimate drilling depth at the 
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intervertebral space first by reaching the inner cortical layer 
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at the midlaminar portion of the vertebral body cranial and 
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caudal to the interspace. Drill remaining bone at the inter- 
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FIG 40-4 


ter carbide or diamond burr to carefully drill away the inner 


For hemi aminectomy, position the patient with a 15-degree 
rotation to facilitate lateral exposure of vertebral lamina 
pedicle, and articular facets. 


layer of laminar bone (Fig. 40-8). 


f 


This is the recommended modification, because it pro 


vides greater exposure, ensuring atraumatic removal of 


compressive lesions. 


// hemorrhage from soft tissue occurs, use suction and bipo 






lar cautery for control, if hemorrhage from bone occurs, op¬ 


to the tip of a per/ostea/ ele voter and gently 
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press it on the bleeding su 


FIG 40-5 


FIG 40-0 


Use a periosteal elevator or small osteotome to 
subperiosteally elevate epaxial muscles from affected 
ve rte brae. 


Then performing dorsal laminectomy 
pneumatic drill to remove the white outer cortical layer of 
lamina. 
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FIG 40-7 

For dorsal laminectomy, carefully drill through outer cortical and medullary layers of bone 
until the inner cortical layer is reached, then use a paint-brush stroke until periosteum is 
reached. Three layers of bone are drilled: a thick white outer cortical layer, soft red 

thin white inner cortical layer. Use a dental spatula to penetrate the 


medullary layer, and 


a 


periosteum to expose spinal canal. 


inner 


FIG 40-8 

When performing modified dorsal laminectomy, gain additional lateral exposure by carefully 
undercutting dorsal lamina and cranial articular facet. 
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Lesions near the vertebral venous sinus should be 


manip¬ 
ulated with great care. Occasionally, venous sinus hemor¬ 
rhage is incurred. Proper use of hemostatic agents (e.g 

Gel foam, Surgicel, Avistat) with cottonoid and suction 
control hemorrhage (see Table 39-1 
to control venous sinus hemorrhage). 


* ■* 


helps 

on p. 1214 for technique 


Before closure, irrigate the wound with 


room temperature 
physiologic saline solution to dislodge any remaining bone 
fragments from so ft tissues. Span the dorsal spinous processes 
cranial and caudal to the laminectomy site with 20-gauge, 
stainless steel orthopedic wire (wire is used for cosmetic 
poses only). Harvest 

over the laminectomy site to help prevent dural adhesio 
bride any devitalized muscle and dose fascia and epaxial 
muscles with a simple interrupted pattern 
wire. Close subcutaneous tissues and skin routinely. 


pur- 

piece of subcutaneous fat and place it 
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Funkquist A Dorsal Laminectomy 


Funkquist A dorsal laminectomy provides improved expo¬ 
sure of the lateral aspect of the spinal canal and spinal cord 
compared with a modified dorsal or Funkquist B laminec¬ 
tomy. This procedure is indicated when 

are located in the dorsal, lateral, or ventrolateral aspect of the 
spinal canal (e.g., lateral disk extrusions 


T,3 


com pres s i ve masses 


C 


, lateral vertebral, 
spinal cord, nerve root neoplasms, lateral fracture frag¬ 
ments). Exposure of the spinal canal 
secutive vertebrae (one intervertebral space). The approach 
is as described above for modified dorsal laminectomy to the 
level of laminar and facet exposure. 


I 


V 




is limited to two con- 


a 


CM* 


vr-i 




i ■ 
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nSSS', J . 
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Remove exposed dorsal lamina and cranial and caudal 

ticular facets with rongeurs or pneumatic drill. Identify outer 

cortical[ medullary, and inner cortical layers of exposed lam¬ 
ina. Enter the 


ar- 


spinal canal by carefully penetrating perios- 
ith a dental spatula or Lempert rongeur ; Use double 
action duckbill and Lempert rongeurs to remove remnants of 
the lamina f articular facets. 

spending to that of a dorsal plane through the middle of the 
dorsoventral diameter of th 


T 


13 


Wl 


FIG 40.9 

A, During Funquist type A dorsal laminectomy, remove 

articular facets and pedicles to expose the dorsal one half of 
the spinal cord. B, During Funquist type B dorsal 

al lamina, taking care to 

preserve cranial and caudal articular facets. C, Remove th 
dorsal lamina, cranial and caudal articular Facets, and 
pedicles to the level of the ventral aspect of th 
when performing a deep dorsal laminectomy. 


d pedicles to 


a level cor re- 


an 


e spinal cord (Eig. 40-9 , A). 
Carefully explore the dorsal, lateral f and ventrolateral aspect 
of the spinal canal[ spinal cord , and nerve roots . Close 
described above for m edified do rs a I laminectomy 


aminectomy, remove the dorsa 


e 




05 


e spinal cana 


Funkquist B Dorsal Laminectomy 


Funkquist B dorsal laminectomy (see Fig, 40-9 5 B) 
the dorsal aspect ol the spinal canal and spinal cord. It 1 1 
dicated when compressive masses are located in the dorsal as¬ 
pect of the spinal canal (e.g., dorsal disk extrusion, dorsal 
tradural neoplasia, dorsal laminar neoplasia). Laminectomy 
of up to three consecutive 


with a dental spatula or lempert rongeurs. Carefully expl 
the dorsal aspect of the spinal canal and spinal cord. Close 
as described above for modified dorsal laminectomy. 

Deep Dorsal Laminectomy 

Deep dorsal laminectomy provides excellent exposure of the 
dorsal, lateral, and ventral aspects of the spinal canal, spinal 

nerve roots. It is indicated when maximal decom¬ 
pression within the limits of one vertebra! length is required 
(e.g,, vertebral, spinal cord, or nerve root tumors, and severe 
disk herniation). This procedure is performed 

for Funkquist A laminectomy to the level of articular facet 
and pedicle removal. 


exposes 


are 


is m- 


can be performed using 
this technique. The approach is as described above for mod¬ 
ified dorsal laminectomy to the level of laminar exposure. 


* 


Remove laminar bone with 

core 

Identify the outer cortical medullary and inner cortical lay 

you drill. Remove periosteum from the dorsal /amino 


a pneumatic bone drill , taking 
to preserve the cranial and caudal articular facets. 


as described 


ers as 


- 
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and hemorrhage from bone with bone wax. Lavage the sur¬ 
gical site with room temperature physiologic saline solution 
to dislodge any loose bone fragments. Harvest a fat graft 
from the subcutaneous area and place it over the laminec¬ 
tomy site. Close epaxial muscles to the dor sol midline. Close 
subcutaneous tissues and skin routinely : 

if a drill is used , remove articular processes of the in¬ 
volved intervertebral space with a high-speed drill. Visualize 
a rectangular area from the base of the dorsal spinous 
processes dor sally, accessory process ven trolly, articular 
facet of the cranial vertebra, and articular facet of the cau¬ 
dal vertebra (Fig. 40-11 , A). Drill the outer cortical bone of 
this rectangle, beginning cronially and working caudally. 
Continue to drill through the soft , red, medullary layer to the 
inner cortical layer. Once the inner cortical layer is reached, 
use a "paint-brush" action to expose the soft inner perios¬ 
teum. Use a dental spatula or Lempert rongeur to carefully 
enter the spinal canal (Fig. 40-1 1, 8 )> 

If rongeurs are used [ remove articular processes of the in¬ 
volved intervertebral space with rongeurs (Fig. 40-12, Aj. 
Have an assistant grasp and elevate the dorsal spinous 

of the vertebra cronial to the involved intervertebral 


Carefully rongeur the remaining pedicles to the level of the 
ventral aspect of the spinal canal (Fig. 40-9 , Cj r Identify ver¬ 
tebral venous sinuses bilaterally and avoid them if possible. 
Control venous sinus hemorrhage os described in Table 
39-1 on p. 1214), Gently man ip u late benea th th e sp ina I 
cord to remove ventrally located masses. C/ose as described 

above for modified dorse/ laminectomy. 

Hemilaminectomy 

Hemilaminectomy is indicated when spinal cord is compressed 
by mass lesions in the lateral, dorsolateral, or ventrolateral 
spinal canal (e.g., disk extrusion, extradural mass, intradural- 
extra medullary mass, nerve root tumor, fracture fragment) 
(Pig, 40-10), Hemilaminectomy is preferable to dorsal 
laminectomy because it best preserves the structural and me¬ 
chanical integrity of the spine, is less traumatic, is more cos¬ 
metic, and reduces the chance of scars causing spinal cord 
compression, f iowever, the lesion must lateralize myelograph¬ 
ically to ensure complete mass removal Bilateral hemilaminec¬ 
tomy may be performed when the compressive lesion is on 
both sides of the spinal cord. Unilateral hemilaminectomy can 
be performed along three consecutive vertebrae without pro¬ 
ducing clinically significant spinal instability, whereas bilateral 
hemilaminectomy can be performed along two consecutive 
vertebrae. Hemilaminectomy may be performed with a high¬ 
speed pneumatic drill, high-speed electric drill, or rongeurs. 

Make a dorsal midline incision to include two dorsal spinous 
processes cranial and caudal to the affected intervertebral 
space or vertebral body. Use a periosteal elevator or small 
osteotome to elevate epaxial muscles from their attachments 
on the lateral aspect of the dorsal spinous processes , lamina, 
articular facet, and pedicle to the level of the accessory 
process . Use a Get pi retractor to maintain muscle retraction. 
Use a drill or rongeur to enter the spinal canal , Regardless 
of technique used to enter the spinal canal be careful when 
manipulating lesions involving the ventral and ventrolateral 
aspect of the spinal canal, because the vertebral venous si¬ 
nuses are in close proximity. If venous sinus hemorrhage oc¬ 
curs, control hemorrhage as described in Table 39-1 on 
1214. Con fro! so ft-ti ssue h emorrh ag e wi th bipolar ca ufe ry 


process 

space with towel forceps (Fig. 40-12, BJ. 


This maneuver will open the intervertebral space and fa¬ 
cilitate exposure of the foramen. 


Place one blade of a Lempert rongeur into the opening and 
remove a small amount of bone (Fig. 40-12, C). Continue to 

enlarge the opening cronially and caudally with rongeurs 
until the laminectomy defect is an appropriate size to allow 
adequate decompression . 

Pedi colectomy 

Pediculectomy (modified lateral hemilaminectomy) is indi¬ 
cated for lesions confined to the lateral and ventral aspects of 

the spinal canal (e.g,, ventrolateral intervertebral disk extru¬ 
sion). The initial surgical approach is as described for hemil¬ 
aminectomy. 


Continue epaxial muscle dissection to the level of the caudo- 
medial one fourth o f the transverse process at the affected in¬ 
tervertebral space. 


P 


This allows complete exposure of the intervertebral fora¬ 
men and associated structures. 


landmark, drill the slot defect 


Using the accessory process as 
just dorsal and ventral to the accessory process and extend it 
half the vertebral lengths cranial and caudal . if the radicular 
artery is encountered, control hemorrhage with bipolar 
cautery. Determine depth of drilling by identifying outer corti¬ 
cal, medullary ; and inner cortical layers. Use caution when 
drilling the inner cortical layer and removing inner periosteum. 

identify the spinal nerve from its origin within the spinal 
canal and its exit from the intervertebral foramen. Retract the 


FIG 40-10 

Remove right or left articular facets and pedicles to the level 
of the ventral floor of the spinal canal during hemilam¬ 
inectomy. 


with a small blunt hook and remove the remaining 


nerve 
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FIG 40-12 

A, During hemilaminectomy, remove cranial and caudal articular facets with rongeurs. 

of the vertebra cranial to the affected intervertebral 


By Grasp the dorsal spinous 
space with towel forceps an 


rocess 

retract it in a dorsocranial direction. C f This will accentuate 
intervertebral foramen allowing placement of a rongeur into the 
opening and facilitate removal of the lamina and pedicle. 




the articular space an 




portion of the pedicle to extend the defect to the floor of the 


spinal canal (Fig , 4 CM 3 J. After removal of disk fragments , 


harvest o fat graft from the subcutaneous area and place it 

the pedicolectomy site. Close epaxial muscle, subcuta¬ 
neous tissues , and skin as described for hemilaminectomy 


over 


HEALING OF THE SPINAL CORD 


Healing of the thoracolumbar spinal cord is similar to that 
described for the cervical spinal cord on p. 1227. The surface 
plexus of arteries is not as dense in the 
as in the cervical and lumbar regions* The effect this may 
have on healing of traumatic Lesions is unclear. 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


FIG 40-13 

Remove pedicular bone cranial and caudal to the 
intervertebral foramen during pediculectomy. Crania 
caudal articular facets are preserved. 


Special instrumentation necessary to perform dorsal 
laminectomy, fenestration, and spinal stabilization is shown 

is important to practice each 


and 


by technique in Table 40-2. It 
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4 TABLE 40-2 


Special Instruments Necessary to Perform Thoracolumbar and Lumbosacral Spinal Surgery 


Special instruments needed for most procedures 


High-speed pneumatic or electric drill 
Drill burrs: carbide and diamond tip 
Cautery unit (monopolar and bipolar) 
Periosteal elevator/osteotome 


Suction 

Hemostatic sponge (Gelfoam) 
Cottonoid felt sponge 

Sane wax 
Dental spatula 
Dural hook 


Dorsal laminectomy, hemilaminectomy, facetectomy, foramenotomy 


Duck-bi I, double action ronguers 
Lemperf ronguers 
Microsuction tip 
Dental spatula 
Iris spatula 

Tartar scraper 
Ophthalmic forceps 
Tartar scraper 
Ear curette 

No, 7 Bard-Parker scalpel handle 
1 4- to 20-gauge 


Fenestration 


:r scalp 
hypode 


ermic needle 


Spinal stabilization 


Steinmann pins 

Methylmethacrylate bone cement 

equipment 


Plating 

Dorsal 


spinous process plates 
I skeletal fixator 


External 


TABLE 40-3 


Postoperative Care and Assessment of Patients with Thoracolumbar and Lumbosacral Spinal Disorders 


IMMEDIATE CARE (FIRST 24 HOURS 


DISK 


FX/LUX 


NEOPLASIA 


Intravenous fluids 
Analgesics (see Table 39-13 
on p. 1236) 

Corticosteroids 
Antibiotics 

Observe far seizures (particularly if 
myelogram was performed) 

Back brace (T-L only) 

Neurologic exam 


YES 


YES 


YES 


PRN 


PRN 


PRN 


NO 


NO 


Based on tumor type 

See Table 34-4 
YES 

Based on postoperative stability 

q 24 hrs 


NO 


See Table 344 


YES 


YES 


Based on postoperative stability 

24 hrs 


NO 


q 24 hrs 


q 


PRN, As necessary. 

technique, become familiar with regional anatomy, and learn 
proper use of special instrumentation prior lo performing 
these surgeries* 


charged 24 to 48 hours postoperatively. Nonambulatory pa¬ 
tients require frequent hydrotherapy, physiotherapy, ele¬ 
vated padded cage racks, and bladder expression three to 
four times a day* Indwelling urinary catheters should he 
avoided to help reduce urinary tract infections. Keep pa¬ 
tients dean and dry to prevent decubital ulcers. A support¬ 
ing cart helps patients return to an ambulatory status. Ad¬ 
vantages of a cart include unhindered eating, drinking, 
micturition, and defecation. Animals with motor function 
can be encouraged to ambulate, and an erect position facili¬ 
tates physiotherapy. Non ambulatory patients should remain 
in the hospital until recovery of bladder function or until 
clients can provide appropriate aftercare. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Immediate postoperative care is determined based on un¬ 
derlying diseases or conditions in Table 40-3. Neurologic 
status should be determined when the animal has fully re¬ 
covered from anesthesia, and complete neurologic examina¬ 
tions should be performed daily until discharge. Postopera¬ 
tive care of ambulatory and nonambulatory patients is 
described in Fable 40-4. Ambulatory patients may be dis¬ 
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Lab be AM, Kirberger RM, Versfraete F J M; Pediculectomv for tho¬ 
racolumbar spinal decompression in the dachshund, / Am A*ri hi 
Hasp Assoc 30:233, 1994, 

Seim HB III: Dorsal decompressive laminectomy for T-l disk dis¬ 
ease, Canine Pract 20:6, 1995, 

Yovich JC, Read R, Eger C: Modified lateral spinal decompression 
in 61 dogs with thoracolumbar disc protrusion, / Small Anim 

Pract 35:351,1994. 

Seim HR HI: Conditions of the thoracolumbar spine* In Kraus KH n 
editor: Seminars in veterinary medicine and surgery: small ani¬ 
mal Manag Neurological Cand 11(4):235, 1996* 

Schulz KS el al: Biomechanics of thoracolunmar veHerbal column 
of dogs during lateral bending, Am / Vet Res 57:1228, 1996. 


TABLE 40-4 


Postoperative Care and Assessment after Thoracolumbar 
and Lumbosacral Spinal Cord Surgery 


Ambulatory Patients 

■ Strict confinement for 2 to 3 weeks po stops rat ively 

* Physiotherapy for 2 to 3 weeks postoperative^ 

* Leash walks only for 4 to 8 weeks postoperatively 

Nonernibulatory patients (perform until ambulatory} 

* Physiotherapy 

* Hydrotherapy 

* Supporting cart 

* Padded bedding 

* Elevated cage rack 

* Bladder expression 

* Neurologic exams daily 


THORACOLUMBAR DISK DISEASE 


tid-qid (avoid urinary catheters) 


DEFINITIONS 


Thoracolumbar (T-L) disk disease is associated with chon- 
droid degeneration of the nucleus pulposus of intervertebral 
disks producing extrusion, spinal cord compression, and 

root entrapment. Fenestration is creation of a win- 


Follow-up neurologic examinations should be performed 
at 1, 2, 3, 6, 9, and 12 months postoperatively. Spinal 
radiographs (taken without anesthesia) are recommended at 
1, 3, 6, 9, and 12 months postoperatively. 


ner ve 

dow or "fenestra” in the lateral or ventral annulus fibrosus to 


COMPLICATIONS 


gain access to the nucleus pulposus. Durotomy is an incision 
through dura mater to expose spinal cord parenchyma* 


Potential complications associated with thoracolumbar sur¬ 
gery depend on the type of surgery performed, number of 
sites operated on, knowledge of regional anatomy, availability 
of appropriate neurosurgical instruments, and surgical ex¬ 
pertise* Complications associated with dorsal laminectomy, 
hemilaminectomy, and pedkulectomy include iatrogenic 
spinal cord trauma, seroma, infection, and/or dehiscence* Po¬ 
tential complications associated with fenestration include ia¬ 
trogenic spinal cord trauma (either from pushing disk into the 

spinal canal or 

pneumothorax, scoliosis, ventral abdominal muscle paralysis, 

diskospondylitis, and recurrence of disk herniation. Urinary 

tract infections may occur secondary to neurologic delicits 

stasis* Spinal instability, muscle fibrosis, and/or 

i f excessive 


SYNONYMS 


Slipped disk , herniated disk , T-L disk disease 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Thoracolumbar (T-L) disk disease is the most common cause 
of small animal neurologic dysfunction. Significant advances 
have been made in 


trauma from inappropriate instrumentation), 


establishing history, signal merit, clinical 
presentation, and radiographic and myelographfc findings. 
However, management methodology is controversial and gen¬ 
erally determined by clinical experience, rather than critically 
analyzed data. Many clinicians recommend early surgical 
spinal cord decompression and mass removal in most cases. 
Causes of disk degeneration are unknown, and the pathogene¬ 
sis of spinal cord changes following compressive injury are un¬ 
clear, Consequently, therapeutic approaches to spinal cord in¬ 
jury remain unsettled* Pathophysiology and pathogenesis of 
thoracolumbar disk disease are identical ro cervical disk disease 


causing urine 

contracture over the spinal cord may occur 
amounts of lamina, articular facets, and pedicles are removed. 
Guidelines for maximum exposure for each technique are dis¬ 
cussed above. Occasionally, inadvertent trauma or resection of 
a lumbar or thoracic spinal nerve root causes bulging of the 
abdominal muscle innervated by that nerve. The resulting ab¬ 
normality may resemble an abdominal hernia in appearance. 


discussed on p. 1228 (see Figs. 39-27 and 39-28 on p* 1229), 


SPECIAL AGE CONSIDERATIONS 


Care should be taken when performing laminectomy proce¬ 
dures on young dogs, since their cortical and cancellous 
bone is much softer. Less pressure on the drill or rongeur is 
needed to safely enter the canal. 


NOTE • The most commonly involved sites of T-L 

disk extrusion are intervertebral disk spaces be¬ 
tween T1 1 and L2; these sites make up approxi¬ 
mately 65% to 75% of all disk extrusions. 


Suggested Readin 

Hosgood G: Wound complications following thoracolumbar 

laminectomy in the dog: a retrospective study of 264 procedures, 

/ Am Anim Hasp Assoc 28:47, 


DIAGNOSIS 

Clinical Presentation 

Signalment. T-L disk disease primarily occurs in chon 
drodystrophoid breeds such as dachshunds, Pekingese, bea 
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deficits suggest severe spinal cord insult. Finally, determining 
the presence or absence of deep pain perception is an im¬ 
portant prognostic tool; patients with preservation of deep 
pain perception generally have a favorable prognosis, 
whereas those without deep pain perception have an unfa¬ 
vorable to grave prognosis, 

Radiography/Ultrasonography 

Location of an extruded T-L disk is confirmed by 
radiographic/myelographic examination. Highly collimated 
lateral, ventrodorsal, and oblique projections of the entire 
T-L spine obtained under general anesthesia are often re¬ 
quired. Survey radiographic findings indicative of disk ex¬ 
trusion include narrow or wedged intervertebral space, 
narrow or “fogged” (i.e., radiodense disk material) interver¬ 
tebral foramen, collapse of articular facets, and calcified ma¬ 
terial in the spinal canal (Fig, 40-14). Although survey radi¬ 
ographs may suggest the affected intervertebral space, they 
are rarely diagnostic. 

Myelography is indicated if there are no visible narrowed 
interspaces, disk material is not visible in the spinal canal or 
intervertebral foramen, a lesion is found that is incompati¬ 
ble with the neurologic examination, or when precise local¬ 
ization of the disk is necessary (e.g., left versus right side 
hemilaminectomy, hemilaminectomy versus dorsal laminec¬ 
tomy). Patients with a herniated T-L. disk exhibit myelo- 
graphic signs consistent with an extradural mass (Fig. 
40-15). Myelography is described in Chapter 38. Patients 
with an intraforamenal disk extrusion may have normal sur¬ 
vey radiographs and a normal myelogram. Computed to¬ 
mography (CT) or magnetic resonance imaging (MRI) may 

be necessary to establish a definitive diagnosis. 


TABLE 40-5 


Variables that Affect Neurologic Signs 


* Location of extrusion (UMN vs* LMN) 

* Acuteness of disk extrusion 

* Velocity of disk extrusion 

* Moss of materia! extruded 

* Spinal canal diameter to spinal cord diameter ratio 


gles, miniature and toy poodles, cocker spaniels, Shih Tzus, 
Lhasa apsos, and Welsh corgis. Dachshunds have 10 times 
the risk of ail other breeds combined. Although disk protru¬ 
sion occurs in cats, it is rare. Both sexes are equally affected. 
About 80% of disk problems occur in animals between 3 and 
7 years of age. 

History. Dogs with T-L disk disease present with various 
clinical signs. The classic presentation is acute to subacute 
back pain only, or back pain in addition to varying degrees 

of paraparesis. Although T-L disk extrusions are variable, 
many are acute and disruptive. Variables affecting the ulti¬ 
mate severity of spinal cord pathology and subsequent clin¬ 
ical signs are listed in Table 40-5. Acute, rapid extrusions 
tend to be more deleterious than slow extrusions (i.e., days 
to weeks). Disk material in the spinal canal may cause in¬ 
flammation, further exacerbating neural deficits. Onset of 
clinical signs may occur in minutes or weeks after disk ex¬ 
trusion. Signs may be rapidly progressive, slowly progressive, 
remain static, or disappear and then later recur. Recurrences 
are usu a 1 ly ca used b y fu r t her ext r u sio n o f the p re v io u si y a f- 
fected disk. Patients with a laterally extruded disk in the 
lumbar intumescence (i.e., intraforamenal) may present 
with hind limb lameness, with or without back pain. 

Physical Examination Findings 

Physical examination findings are usually normal in T-L disk 
disease patients. Neurologic examination findings vary de¬ 
pending on the anatomic location of the extrusion, duration 
of compression, and force of compression at the time of disk 
extrusion. Varying degrees of back pain and upper motor 
neuron (UMN) ambulatory or non ambulatory paraparesis 

are the most common presenting neurologic abnormalities. 
Patients with an intraforamenal disk extrusion may present 
with a hind!imb lameness only. The origins of pain (e.g., 
radiculopathy) and paresis (e.g., myelopathy) due to disk ex¬ 
trusion are discussed on p. 1229. Accurate localization of the 
affected intervertebral space requires careful neurologic ex¬ 
amination (see Cliapter 38). Severity of spinal cord trauma 
is assessed by neurologic examination; profound neurologic 


NOTE • The author performs myelograms in 
greater than 90% of patients with T-L disk extrusions. 


Laboratory Findings 

Complete blood count and serum biochemical profile ab 
normalities are rare. Recent corticosteroid therapy may ele 

vate th e 1 evel of hep at i c e n zym es i n tb e sentm. 


DIFFERENTIAL DIAGNOSIS 


Presumptive diagnosis of T-L disk disease is based on signal- 
ment, history, physical examination, and neurologic exami¬ 
nation, Possible causes of spinal disorders are based on his¬ 
tory, DAM NIT-V scheme, and myeiographic classification 
given in Chapter 38. The most likely differential diagnoses 
for extradural masses are intervertebral disk extrusion, 
fracture/luxation, diskaspondylitis, congenital malformation, 
neoplasia, and vertebral body osteomyelitis. Diagnostic dif¬ 
ferentials can usually be narrowed by appropriate use of 
physical examination, hematology, serum chemistry panel, 
cerebrospinal fluid analysis, and radiography. T-L disk extru¬ 
sion is confirmed by radiography/myelography and surgery. 

Evaluation of history and serial neurologic examinations 

are needed to formulate appropriate management plans. 


NOTE ■ It is extremely important that deep pain be 
properly assessed. A withdrawal reflex does not ver¬ 
ify the presence of deep pain. If the animal has deep 
pain, it should vocalize or otherwise indicate (e.g., 
through dilation of pupils, turning of head, increased 
heart rate) that the pain was felt. 
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FIG 40-14 


Lateral radiograph of a dog with a T12-T13 
herniated intervertebral disk (small white 
w)> Notice the collapsed and slightly 
wedged intervertebral space, fragmented 
calcified disk, narrowing of the intervertebral 
foramen, and collapse of the articular facets, 

ed intervertebral disks in 


arro 


Note also the calcifi 


situ (large arrows] 


FIG 40-15 

Lateral myelogram of a dog with a T1 1-T1 2 

herniated intervertebral disk (large white 
ow). Notice the extradural compression of 

spinal cord (small 
of the dorsal contrast 






the ventral aspect of the 

white arrows]. Thinning 

denotes spinal cord swelling. 






TABLE 40-6 




Surgical Treatment and Prognosis in Animals 


Staging System to Help Determine Medical vs* 
with Thoracolumbar Disk Disease 


RADIOGRAPHY/ 

LESION LOCATION 


PROGNOSIS 


TREATMENT 


CLINICAL SIGNS 


STAGE 


Favorable 

Favorable 


Radiographs not taken 
incidental finding of 
degenerate disks 
Radiographs not taken 

Extruded disk in canal 
Extruded disk in cona 


Conservative 
Conservative 
+/— Fenestration 

Conservative 
a/— fenestration 
Decompression 
Decompression 

Decompression 


Single or occasional episodes of mild, 
moderate, or severe back pain, +/- 
slight CP* deficits, no motor weakness 
Second episode or persistent and severe 
back pain, +/“ CP deficits, +/- 

ambulatory paraparesis! 

Uncontrolled severe back pain, + /- cp 
deficits, +/- ambulatory paraparesis 
Weakly ambulatory! or nonambulatory§ 

/- back pain 
+ /— back pain 


I 


Favorable/guarded 

Excellent 

Excellent 

Excellent/favorable 


II 


III 


Extruded disk in canal 


paraparesis, - 
Paraplegia 

Duration < 48 hrs 


IV 


Unfavorable 
U n fa vo ra b le/g ra ve 




Decompression 

Conservative or 
decompression 


c a na \ 

Extruded disk in canal 


ith Hindiimb motor weakness that can rise and ambulate without assis- 

or recum- 


*CP, Conscious proprioception; f ambulatory paraparesis, patients 
tance' {weekly ambulatory paraparesis, patients that can rise without assistance 

bent position, §nonambulatory paraparesis, patients that have lost the ability for unassisted hindiimb ambulation (voluntary 
may or may not be present]; ||parapbgia, patients that have complete lass of both motor and sensory function. 


Wl 


, take several steps, tire easily, ond assume a sitting 

motor movements 
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Establishing onset, course, duration, and severity of motor 
and sensory impairment helps define prognosis and direct 
therapy. A staging system may help determine the most ap¬ 
propriate therapy (nonsurgical or surgical) (Table 40-6). 


may speed recovery by allowing freedom of movement and 
by improving the patient s attitude. 

Strict confinement and exercise control are sometimes 
accompanied by drug therapy. It is important to educate the 
client regarding the euphoric effects of various medications. 
If strict confinement is not maintained, excessive activity 

could cause further disk extrusion with catastrophic neural 

deficits. Medical management is successful approximately 
80% to 90% of the time in patients with just back pain. 
Commonly used antiinflammatory and muscle relaxant 

4 J 

drugs and their dosages are listed in Table 39-9 on p, 1232. 
These medications can be used independently or in combi¬ 
nation. The choice of drugs is dictated by the patient's clini¬ 
cal signs at presentation and therapeutic trials. Common 
clinical presentations and suggested therapeutic regimens 
are listed in Table 40-7. Knowledge of potential side effects 
of commonly used antiinflammatory drugs is important; 
they are listed in Table 39-11 on p. 1234. 

Patients treated with antiinflammatory drugs should be 
monitored for depression, anorexia, abdominal pain, me- 
tena, and vomiting undigested or digested blood (coffee 
grounds). If gastrointestinal lesions are suspected, antiin¬ 
flammatory drugs (see Table 39-11) should be discontinued 
immediately, because ulceration associated with antiinflam¬ 
matory medication, spinal cord injury, and stress can be cat¬ 
astrophic. 


MEDICAL MANAGEMENT 


The most important aspect of medical management in am¬ 
bulatory patients is strict cage confinement for 3 to 4 weeks. 
Next, 3 to 4 weeks of gradual return to normal activity is rec¬ 
ommended, Home confinement means discouraging the an¬ 
imal from jumping up and down on furniture, avoiding 
stairs, confinement to one room when the owner is absent, 
and restricted leash walks. This forced rest aids resolution of 
spinal cord and mtradiskal inflammation, and facilitates sta¬ 
bilization of the ruptured disk by fibrosis. Nonambulatory 
patients should have easy access to water and food; a soft, dry 
area to lie down; bladder expression three to four times 
daily; bowel management; and physiotherapy to maintain 
muscle mass and joint range of motion. A paraparetic cart 


NOTE • The most common mistake made in man¬ 
aging animals with disk extrusions is administration 
of analgesics or antiinflammatories without appro* 
priate concurrent confinement. Strict cage confine¬ 
ment is mandatory In these patients. 


TABLE 40-7 


Recommended Therapy 4 for Patients with Thoracolumbar Disk Disease Based on Neurologic Signs 


CLINICAL 

PRESENTATION 


SECOND 

TREATMENTt 


THIRD 

TREATMENT 


INITIAL TREATMENTt RESULT 


RESULT 


Mild to moderate 
back pain only; 
first episode or 
multiple episodes 
Severe back pain 
only; first 
episode or 
multiple episodes 
+/- Back pain 
and ambulatory 
paraparesis 


No drug therapy; 

cage rest only 


No improvement Muscle relaxant; 

in 5 to 7 days 


Sferoidst and mus¬ 
cle relaxant; Fol¬ 
low daily 

Repeat second 
treatment or con¬ 
sider surgery 

Observe 


No improvement 
in 2 to 3 days 


follow daily 


Muscle relaxant; fol¬ 
low daily 


No improvement Steroids^ and 

muscle relax¬ 
ant; follow 
daily 

Continue steroids 
for 6 days 
Steroids 1 day 

Consider surgery 


No improvement 

in 2 to 3 days 


in 2 to 3 days 


Steroids for 1 day 


Improvement 


Improvement 

Improvement 

Deterioration 


S ta ti c 


Observe, consider 
surgery 

Consider surgery 


Deterioration 


+/- Back pain 
and weak! 
ambulatory or 
nonambulatory 
paraparesis 
Recurrent mild, 
moderate, or 
severe back pain; 

unresponsive to 

medical 

management 


Recommend early 
surgery; adminis¬ 
ter steroids preop- 

eratively 

Recommend surgery; 
administer steroids 
preoperatively 


y 


"See Table 39-9 


p. 1 232 For drug dosages and variations 


on duration of therapy, f All patients are placed in strict confinement For 3 to 4 
weeks as part of their medical management regardless of the drug used or duration of drug therapy, f Nonsteroidal antiinflammatory drugs 

can be substituted for corticosteroids; however, the use of corticosteroids and nonsteroidal antiinflammatory drugs in combination should not be 
considered. 


on 
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SURGICAL TREATMENT 


h 


Surgical treatment objectives for patients with T-L disk dis¬ 
ease include gaining access to the spinal canal and removal 
of disk fragments causing spinal cord and nerve root com¬ 
pression, Surgical treatment is determined by the patients 
neurologic status, results of serial neurologic examinations 
after admission, and response to medical therapy (see Tables 
40-6 and 40-7), If presenting signs warrant surgical inter¬ 
vention or if the patient fails to respond to appropriate med¬ 
ical management, surgery should be considered. 

Fenestration has been proposed to eliminate back pain 
plus prevent further disk extrusion. Because pain is usually 
due to a combination of nerve root compression and is¬ 
chemia from extruded disk fragments, fenestration is not the 
procedure of choice (see Fig. 40-19); removal of extruded 
disk fragments via lamin ectomy/p e d iculec to my is preferred. 
In rare patients with diskogenic pain (i.e., pressure on the 
pain-sensitive dorsal longitudinal ligament and dorsal annu¬ 
lus fib ros us), fenestration may alleviate back pain. The role 
of prophylactic fenestration remains unclear. Because the 
possibility of multiple disks causing recurrent episodes ol 
back pain is unlikely, laminectomy and 
single offending disk, rather than prophylactic fenestrations 
of all disks, are warranted (see Tables 40-6 and 40-7), De¬ 
compression in addition to prophylactic fenestration to pre¬ 
vent recurrent disk extrusion at a second site is also contro¬ 
versial Recurrence of disk extrusion at an 




Intercapital 
y ligament 




FIG 40-16 

Attachment of the intercapital ligament to each rib head. It 
spans the dorsal annulus fibrosus. 


weakly ambulatory or nonambulatory paraparesis may 
benefit from surgical intervention if there is myclograph ic 
evidence of a compressive mass that can be surgically 
removed. Although the prognosis is unfavorable for 
complete recovery, the animal may become weakly ambu¬ 
latory paraparetic with voluntary control of bowel and 

bladder. 


acent 


intervertebral space after decompression of the active disk is 

than 5%); thus prophylactic fenestration is p rob a - 


rare (less 


Preoperative Management 

The animal should be given intravenous fluids and steroids 
before surgery. Intravenous steroids should be given to pro¬ 
tect the spinal cord from the effects of surgical manipula¬ 
tion. The steroid of choice is methyl prednisolone sodium 
succinate (30 mg/kg intravenously). 

Anesthesia 

Suggested anesthetic regimens for dogs with spinal cord in¬ 
jury are given on p. 1213, If the patient requires positioning 
that may cause respiratory compromise, mechanical ventila¬ 
tory support should be considered. 

Surgical Anatomy 

'he most common sites for T-L disk extrusion are between 
T11 and 1.2, The tough intercapital ligament from T1-T2 to 
T9-TIG attaches to each rib head and extends over the dor¬ 
sal annulus fibrosus (Fig, 40-16), acting as a natural dorsal 
buttress that helps prevent disk extrusion. The intercapital 
ligament at 110-1 11 is smaller than the others; disk hernia¬ 
tion may occur at this intervertebral space. 

Disk extrusions generally occur at the junction of the ver¬ 
tebral venous sinus and dorsal longitudinal ligament (i.e., 
area of least resistance) resulting in a ventrolateral location 
of extruded disk fragments (Fig. 40-17), Disk extrusions 
may therefore cause varying degrees of nerve root compres¬ 
sion and ischemia, spinal cord injury, and venous sinus hem¬ 
orrhage. Extreme care must be used when manipulating and 
evacuating disk fragments from the floor of the spinal canal. 


bly not wa rr a n ted, 

It is generally accepted that patients with even mild 
paraparesis (i.e., motor weakness) should be treated by 
early decompression and mass removal via dorsal laminec¬ 
tomy, hemilaminectomy, or pediculectomy. Paresis is a 
strict function of the forces, mechanical deformation, and 


pressure exerted on the spinal cord. Fenestration does not 
remove disk material from its extruded location in the 


spinal canal. The decision to pursue surgical intervention is 
based on the patient s clinical signs. Generally, the earlier 
spinal cord decompression is undertaken, the better the 
chance for complete neural recovery. Patients requiring 
surgery should be operated on within 24 to 48 hours of 

viable option in patients 


disk extrusion. Surgery is s 
with severe neurologic deficits (i,e + , weakly ambulatory or 
nonambulatory paraparesis) that have been 
ically for 72 to 96 hours before referral; however, they 
may not recover to a normal neural status (but are often 
acceptable pets). Patients with several weeks to months of 


m ed - 


NOTE * It is not sufficient to remove lamina, articu¬ 
lar facets, and pedicles; laminectomy, hemilaminec¬ 
tomy, or pediculectomy alone without mass removal 
can be compared with making a hole in the roof of 
a house to let water out of the basement. The of¬ 
fending compressive moss lesion (i.e., disk material) 
must be removed. 
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FIG 40-17 

A, Anatomy of thoracolumbar spinal cord and associated ligaments and vessels. Notice 
the relationship of the vertebral venous sinus and dorsal longitudinal ligament at the level 
of the intervertebral space and midvertebraf body. 8, Notice the location of extruded disk 
relative to the nerve root, vertebral venous sinus, and dorsal longitudinal ligament. 












Occasionally, disk material may extrude laterally into the i 
tervertebral foramen. Removal of the disk requires facetec¬ 
tomy and foramenotomv to expose disk fragments entrap¬ 
ping the nerve root. 

Positioning 

Patient positioning is dependent upon surgical procedure 
selected and is described on p. 1271, Generally, patients un¬ 
dergoing dorsal laminectomy hemilaminectomy pediculec- 
tomy, or dorsolateral fenestration are positioned in sternal 
recumbency whereas those undergoing lateral or ventral 
fenestration are positioned in lateral recumbency 

SURGICAL TECHNIQUES 

Spina) Cord Decompression 

The most common procedures used to decompress spinal 
cord and nerve roots (in order of the author's preference) are 
hemilaminectomy pediculectomy, modified dorsal laminec¬ 
tomy Funkquist B laminectomy Funkquist A laminectomy 
and deep dorsal laminectomy These procedures are de¬ 
scribed on pp. 1270-1276. 

Occasionally no evidence of extruded disk is seen after 
entering the canal. Several possibilities exist when this occurs 
and are listed in Table 40-8, along with a proper course of ac¬ 
tion tor each. Myelotomy local hypothermia with cool 
saline, dimethyl sulfoxide (DMSO), naloxone, and thy¬ 


rotropin releasing hormone are not routinely used in pa¬ 
tients with T-L disk extrusions. 


m- 


Regardless of decompression procedure chosen / enter the 
spinal canal by carefully lifting off periosteum with a dental 
spatula, iris spatula\, or iempert rongeur 






At this point, disk material, black venous blood (“crank¬ 
case oil '), swollen spinal cord, or epidural fat will be visible. 

Acute disk protrusions. Acutely extruded disk mate¬ 
rial may take on various forms. It may be white flecks of disk 
incorporated in an organized clot, that when incised looks 
like crankcase oil This type of disk is often easily suctioned 
and removal results in full decompression. Extruded material 
may include portions of the dorsal annulus fibroses. These 
fragments are white, firm, and cartilaginous in nature, easy to 
grasp with ophthalmic forceps, and often can be completely 
removed as a long continuous strand resulting in full decom¬ 
pression. Occasionally, hard, white, chalky disk material is 
found. Removal is accomplished by continually chipping 

away at the mass with a dental or iris spatula. Take care to 
protect the spinal cord, nerve root, and venous sinus during 
dissection, because the majority of disks extrude ventral and 
lateral (see Fig. 40-17). M ild-to - m o derate shifts of the dural 
tube back to its normal position following laminectomy and 
disk removal indicate appropriate decompression. 























































































PART V Neurosurgery 


TABLE 40-8 


Course of Actio it if Disk Material is Not Found at Surgery 


SECOND COURSE 
OF ACTION 


SURGICAL PROCEDURE 
PERFORMED 


COURSE OF 

SURGICAL FINDING ACTION 


RESULT 


Close; reevaluate; neuro 
exam, myelogram 
Operate correct space 

Remove disk 


Hemilaminectomy/ 

pediculectomy 

dorsal laminectomy 

Hemilaminectomy 


Correct space? 
(recount) 


Yes 


No 


Swollen cord, no disk 


Look for ventral 
extrusion 


Ventral disk 

identified 
No disk 


Perform hemilaminectomy on 
opposite side 

Extend dorsal to include 
pediculeetomy 
Extend laminectomy on one 
side to floor of spina! canal 


Swollen cord, no disk 


Look on lateral 
aspect of cana 


Disk identified 


Dorsal laminectomy 


No di 


If the protruded disk is located on the ventral midline and 
cannot be adequately removed as described above , transect 

the nerve root at the site of extrusion (permissible only at 
T3-L3 spinal cord segments}. Gently expose the nerve root 
and radicular vessels and cauterize them with bipolar 
cautery . As the sp inal co rd relea ses , gen fly roll it off the of¬ 
fending disk for better visualization and less traumatic disk 
removal. Remove disk material as described above. Do not 
attempt to reattach the severed nerve root. 

Durotomy 

Durotomy is rarely indicated. It is not recommended as a 
therapeutic modality, but may be useful in prognosis. Pa¬ 
tients that present with paraplegia (i.e„ complete loss of mo¬ 
tor function and sensory perception) generally have a poor 
prognosis, Durotomy to evaluate presence 
myelomalacia may be useful in deciding patient outcome. 


NOTE • if approached within hours or days, acute 
disk extrust ions are generally easily removed with 
carefully applied suction and manipulation using 
ophthalmic forceps and dental spatulas. 


Chronic disk protrusions* Patients with a chronic his- 
tory (months or more) of medically treated pain and ambu¬ 
latory paraparesis that finally develop severe motor weakness 
and require surgery, often have a firm, encapsulated, pro¬ 
truded mass that may be adherent to venous sinus and dura 
mater [Hansen type II), Disk removal is difficult due to its 
hard, encapsulated nature, ventrolateral location, or venous 
sinus), and adhesions to dura and venous sinus. If venous si¬ 
nus hemorrhage occurs, control it with hemostatic sponges 
using the techniques described in Table 39-1 on p. 1 214, 
Lateral intervertebral disk extrusions* Patients 
with a history of hind limb lameness, with or without back 
pain, may have a disk that has extruded completely into the 
intervertebral foramen. There is no evidence of disk in the 
spinal canal. Disk removal should be performed via hemil¬ 
aminectomy, facetectomy and foramenotomy to expose and 
remove disk fragments (see p. 1274). 


Carefully tent the dura with fine ophthalmic forceps. Use a gem 
tie longitudinal stroke along the dura with a No. IJ or No. 12 
Ipel blade. Penetration of the dura is obviated by the flow of 
cerebrospinal fluid (CSF). A 7.5- la 2-cm long incision allows 
adequate visualization of spinal cord parenchyma. Observe 
the spinal cord for evidence of central hemorrhagic necrosis , 
toss of ana tomic i n tegrity f and toothpas tel ike cons isfency. 


I f the disk can be la teralized f perfo rm a hem ilam in ectomy •„ in - 
eluding complete removal of the pedicle. If the disk cannot be 
lateralized ; perform a deep dorsal laminectomy (see p. 1273) 
and visualize the protruded disk. Remove the entire pedicle to 
the level of the floor of the spinal canalExpose the vertebral 
venous sinus at the level of the affected intervertebral space and 
transect the sinus , if necessary, to expose the encapsulated disk. 
Once foe disk is adequately exposed[ 
blade to incise the disk capsule. Use a dental spatula, iris spat¬ 
ula, and tartar scraper to evacuate the firm disk material 


These findings are compatible with complete loss of 

spinal cord function. 

Leave foe dural incision open. Harvest a subcutaneous fat 
graft and place if over the laminectomy site. 


No. 11 scalpel 


Disk Fenestration 

Three a p pro a ch es a re co rn m o n ly us e d to p e r fo r m d i sk fe n - 
estration: ventral, lateral, and dorsolateral. Advantages and 
disadvantages of these techniques are listed in Tables 40-9 

through 40-11. 


It is rarely necessary to place dural sutures to manipulate 
the spinal cord and allow adequate visualization and re¬ 
moval of the disk. 
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Us/ng a No. 1 1 scalpel blade or high-speed pneumatic 

electric drill f create a window m the ventral annulus. Use 
hypodermic needle (14- to 2Q-gaugej, tartar scraper , or 
curved spatula to remove as much nucleus pulposus as pos¬ 
sible. Place the patient through positional changes (i 
eral flexion and extension) to encourage evacuation of 
clear material, .After all disks hove been fenestrated , close 
abdominal musculature with absorbable suture material. 

Move the skin incision to the tenth intercostal space and 
moke a thoracotomy incision. Piece self‘retaining retractors 
to hold the ribs apart , poet the lungs cranially with mois¬ 
tened laparotomy pads , and dissect parietal pleura from in¬ 
tervertebral disks T9-T10 through T13-L / . Avoid aorta, sym¬ 
pathetic trunkand intercostal vessels (Fig. 40-18, B| 

Pertorm disk fenestration as described above . Close the tho¬ 
racotomy incision routinely. 


m TABLE 40-9 


or 


Advantages and Disadvantages of Ventral Fenestration 


Advantages 

■ Avoids the spinal nerve roots 
* Minimal hemorrhage 


, lot- 


.a 


no- 


Disadvcmtages 


■ Need for a thoracotomy 
1 Dissection is near major vessels 

* Cannot be combined with o decompressive procedure 

■ Increased risk oF pushing disk material into tne spina 
canal 

* Does not provide spina! cord decompression 


m TABLE 40-10 


Lateral approach. This approach is satisfactory fo 
posing disks T13-L1 through L5-L6. Fenestration of disks 
T10-T1 1 through T12-T13 is more difficult. Clip and asepfi- 
cally prepare an area from T6 cranially to the greater 
trochanter cau dally, dorsal spinous processes dor sally to mi¬ 
dabdomen ventrally Place the patient in right lateral 
bency if you are right handed, and left lateral recumbency if 
you are left handed . Place a 4-inch diameter sandbag 
rolled towel under the L2-L6 vertebrae to create an arch ef¬ 
fect that helps open the intervertebral spaces. Make a skin 
incision from the dorsal spine of T9 to the ventral aspect of 
the ihol wing. Continue the incision through subcutaneous 
fat lumbar fascia , a second layer of fat , and to the longis- 
simus dorsi and iliocostal is lumborum muscles. Palpate the 
short transverse process of LI for orientation , and with a pair 

of Kelly forceps t dissect overlying muscle fibers to expose its 
dorsocranial surface, identify the lateral annulus fibrosus. lo¬ 
cated just cranial and slightly ventral fo the junction of the 
transverse process and vertebra/ body (Fig. 40-19). Use a 
blunt retractor to expose the lateral surface of the annulus fi¬ 
brosus; retract muscle fibers dorsally and muscle fibers . 
spinal nerve f and spinal vessels ventrally Use a No. 1 1 
scalpel blade to make 


r ex- 


Advantages and Disadvantages ot Lateral Fenestration 


Advantages 

* Limited muscle dissection 

* Minimal hemorrha 

* Does not require t 

* Can be combined 

Disadvantages 

* An assistant is required 

* Exposure is difficult in obese animals 

* Thoracic disks are difficult fo visualize 

* Requires dissection near spinal nerves and vessels 

* Does not provide spinal cord decompression 


recu m - 


abdominal 


or thoracic surgery 
with a hemilaminectomy 


or 


0 TABLE 40-1 1 


Advantages and Disadvantages 
of Dorsolateral Fenestration 


Advantages 

* Can be easily combined with a hemilaminectomy 
cedure 

Disadvantages 

* Excessive muscle dissection 

* Requires dissection near spinal nerves and vessels 

* Does not provide spinal cord decompression 


window in the lateral aspect of the 
annulus fibrosus. Be careful not to incise dorsal to the junc¬ 
tion of the transverse process and vertebral body as this 
may result in spinal cord damage. Perform disk fenestration 
described for ventral fenestration. To fenestrate disks 
T1Q-T1 1 through T12-T13, elevate the iliocostafis lumbo 

muscle off the craniodorsal aspect of the rib to the level of 
the vertebral body and retract it craniodorsally Retract the 
remaining musculature on the cranial aspect of the rib 
trolly exposing the lateral annulus . 


pro¬ 


as 


rum 


ven- 


Ventral approach. Place the patient in right lateral 
cum bency and make a paracostal incision. Enter the abdom¬ 
inal cavity , identify the left kidney and retract it ventrally Pack 
off abdominal viscera caudally with moistened laparotomy 
pads. Elevate the iliopsoas muscle and locate the short 

process of L1 for orientation. Digitally depress the aorta 
and sympathetic trunk to expose the ventral annulus fibr 

of intervertebral disks LI-2 through L5-6 (Fig. 40-18. A). 


re- 


T he thoracic pleura is just ventral to this dissection. 

Visualization is limited; he careful to stay below the arch of 
the rib when incising the annulus fibrosus. After all disks 

positional changes to encourage 
further evacuation of nuclear material. Close muscle., subcu¬ 
taneous tissues, and skin routinely 


iron s - 


verse 


have been fenestrated, 


use 


05 u 5 
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Multifidus muscle 


NOTE • if these animals are unable to urinate 
(heir own, express fheir bladder three to four times 
daily until voluntary urinations occur. Otherwise the 
bladder may become atonic. 


on 


i. 'i 


>\ Longissimus muscle 


often he sent home within 72 hours of surgery, even if they 
weakly ambulatory or nonambulatory paraparetic. 


are 


PROGNOSIS 


Prognosis for patients treated medically or surgically for T-L 
disk disease is generally favorable and is dependent 
rologic signs and the medical or surgical management se¬ 
lected. Clinical factors and probable patient outcome 
outlined in Tables 40-5 and 40-6 on p. 1279 and p. 1280. 


on neu- 


are 


FIG 40-20 

For dorsolateral disk fenestration, perform a dorsolateral 
epaxial muscle splitting approach. 
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Dorsolateral approach. Place the patient in ventral 
cumbency with the spine gently arched dor sally Make a dor¬ 
sal midline skin incision from the dorsal spinous process of T9 
to the dorsal spinous process of 16 . Continue dissection to the 

level of the thoracolumbar fascia . Incise the thoracolumbar fas¬ 
cia along the dorsal spinous processes on the side toward the 

or small osteotome , e/e- 


re- 


one; 


surgeon. Using a periosteal elevator 

vote epaxial muscles from the lateral aspect of the dorsal spin¬ 
ous processes , working in a caudal to cranial direction , Elevate 
second level of epaxial muscle from articular facets , Begin by 
elevating m usculature from the ca udol aspect of the articular 
process and progress to the cranial aspect Use curved scissors 
to sever muscular attachments close to their tendon of origin to 
minimize hemorrhage . Place Gelpi retractors to hold muscles 
apart and improve exposure. Elevate remaining musculature 
from the dorsal aspect of the transverse processes of /unitar 
vertebroe and ct an ia I s urface o f the ribs o f thoracic vertebrae. 
Identify muscular attachments to the accessory processspinal 
nerve , and vessels (Fig. 40-20). Retract these structures 
nially to expose the lateral surface of the annulus fibrosus. Per¬ 
form fenestration as described for ventral fenestration. Close 
muscle, subcutan ea us ttssues, and skin roufinely 


a 


aa- 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Special instruments necessary to perform laminectomy and 
fenestration procedures are listed in Table 40-2 on p. 1277. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Schultz KS et al; Correlation of clinical, radiographic, and surgical 

localization of intervertebral disk extrusion in small-breed dogs: 

a prospective study of 50 cases, Vet Surg 27:105,1998. 

Seim H R 


Patients with T-L disk disease should be evaluated postoper¬ 
ative!}* in a similar fashion as patients with other T-L spinal 
disorders (see p. 1277 and Table 40-4 on p. 1278). As no in¬ 
herent or acquired spinal instability is created, physiotherapy 
is encouraged as soon as the patient has recovered from post¬ 
operative discomfort; generally 24 to 48 hours. As the major¬ 
ity of T-L disk patients arc small-breed dogs, clients should 
be instructed in home management and these patients 


113: Thoracolumbar disk disease: diagnosis, treatment, 
an d p mg n o s is, Ca n i ne Pract 20:8, 1995, 

Sukhiani HR et al: Intervertebral disk disease in dogs with signs of 
back pain alone: 25 cases (1986-1993), / Am Vet Med Assoc 
209:1275, 1996. 


Trevor PB ct al: Healing characteristics of free and pedicle fat grafts 
after dorsal laminectomy and durotomy in dogs, Vet Surg 20:282, 
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Ne u ras. u rge ry 


sist such forces causes mechanical discontinuity with result¬ 
ant spinal cord and nerve root compression. 


FRACTURES AND LUXATIONS 
OF THE THORACOLUMBAR SPINE 


NOTE * Approximately 20% of patients have a 
second spinal fracture/luxation (Feeney, Oliver 

1980] ♦ 


DEFINITIONS 


Fractures or luxations of the thoracic or lumbar spine are 

caused by traumatic or pathologic disruption of osseous and 
supporting soft tissue structures, producing spinal cord and 
nerve root compression. 


DIAGNOSIS 

Clinical Presentation 

Signal merit. There is no breed or sex predisposition; 
however, dogs more commonly sustain vertebral 
fracture/luxation than cats. Vertebral fractures may occur at 
any age, but arc more common in younger animals (e.g. } I to 
2 years of age). 

History, Patients with thoracolumbar vertebral fractures 
typically present because of trauma associated with automo¬ 
biles. They sutler varying degrees of back pain and para¬ 
paresis, depending on severity of spinal cord and nerve root 
compression. Occasionally, patients present with subtle neu¬ 
rologic deficits, and careful physical and neurologic exami¬ 
nations are necessary to detect abnormalities. 

Physical Examination Findings 

Vertebral fracture patients often have concurrent injuries 
(e*g,, pneumothorax, pulmonary contusion, diaphragmatic 
hernia, and fracture/luxation oi the pelvis, ribs, appendicu¬ 
lar skeleton, second vertebral fracture). Thorough physical 
examination is necessary to recognize these injuries before 
an appropriate course of action can he planned. Extreme 
care must be taken during physical examination to avoid ex¬ 
acerbating the spinal injury by excessive movement Patients 
with profound neurologic deficits should be secured to a 
rigid platform during examination and preoperative man¬ 
agement. Careful palpation of the spine may reveal a depres¬ 
sion over its dorsal aspect, a displaced dorsal spinous process 
caused by rupture of the supraspinous and interspinous lig¬ 
aments, or fracture of the dorsal spinous processes* 11 the pa¬ 
tient is ambulatory, the back should be palpated for crepitus 
or excessive movement as the patient moves* These findings 
also help assess inherent stability or instability of the trau¬ 
matized spine, A thorough neurologic examination should 
be performed to locate the fracture, determine the best ther¬ 
apy, and provide prognostic information (he., presence or 
absence of deep pain perception)* Specific neurologic exam¬ 
ination techniques are discussed in Chapter 38. 

Radiography/Ultrasonography 

Radiographs are of limited use for evaluating thoracic and 
lumbar spinal trauma. Survey radiographs may reveal the lo- 
cation of the fracture/1 uxat ion and severity ot vertebral dis- 
placement at the time the radiograph is taken. However, ra¬ 
diographs may not show the maximum displacement at the 
time of injury; spontaneous reduction ol subluxations, lux¬ 
ations, and fractures often occurs before radiography. The 
amount of spinal cord damage may therefore differ in pa¬ 
tients with radiographically similar lesions. Radiographs 


SYNONYMS 


Broken back , spinal ftme (arc, ve rteb ra l fra cture , vertebral col 
Um n fra ctu rc } disloca ted spine 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


The thoracolumbar spine is the most common site for spinal 
fractures and luxations. Fractures and luxations occur be¬ 
tween T11 and L6 in approximately 50% to 60% of patients 
with blunt spinal trauma (Selcer et al, 1991 h It appears that 
the higher incidence of fracture/luxation at certain sites 
along the vertebral column may not correlate to a difference 
in muscular or ligamentous attachments, but rather to mo¬ 
bile areas of the vertebral column adjacent to more stable ar¬ 
eas of the axial skeleton (e*g., caudal thoracic and caudal 
lumbar spine). Fractures of the thoracic spine involving 
T1 through T9 are relatively uncommon, and when they do 
occur are generally stable and nondisplaced due to the in¬ 
herent stability gained by massive epaxial muscle mass, rib 
attachments, ligamentous support, and intercostal muscle 
attachments* The most common cause of vertebral fractures 
is automobile trauma (be*, approximately 90%) (Selcer et al, 
1991). Other causes include bite wounds, gunshot injuries, 
and underlying metabolic or neoplastic disorders resulting 
in bone demineralization (e.g., nutritional secondary hyper- 
pa rathy ro i d is m, os t e os a rc o m a). 


NOTE • A complete physical examination should 
be done. Approximately 40% to 50% of patients 
with vertebral fractures have associated problems 
(e.g,, pneumothorax, lung contusions, diaphrag¬ 
matic hernia, urogenital injuries and other orthope¬ 
dic injuries] (Selcer et a!, 1 99 ), 


Fractures and luxations of the thoracolumbar spine are 
classified as pathologic or traumatic. Pathologic fractures/ 
luxations generally occur when hereditary or congenital lig¬ 
amentous instability decreases spinal support (e.g., at¬ 
lantoaxial instability) or when bone integrity is compro¬ 
mised due to an underlying disease process (e.g., metabolic 
bone disease, neoplasia). Traumatic fracture/luxations are 
induced by forces resulting in severe hyperextension, hyper- 
flexion, axial compression, and rotation; often occurring at 
or near the junction of a mobile and more rigid vertebral 
segment. Failure of supporting structures of the spine to re- 
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may help determine prognosis when vertebral displacement 

is severe enough to reduce spinal canal diameter more than 

80% in the lateral and ventrodorsal projections; these 
tients generally have irreversible spinal cord and nerve root 
compression (Fig, 40-21). 


Laboratory Findings 

Patients presenting with just thoracolumbar fracture/ 
luxation generally have stress leukograms and elevated he¬ 
patic enzyme levels. However, if concurrent injuries are 

present* laboratory abnormalities (e.g., elevated blood 

nitrogen [BUN] and electrolyte abnormalities with uroab¬ 
domen, blood gas abnormalities with pneumothorax or pul¬ 
monary contusions) may occur. 


pa- 


urea 


NOTE * Neurologic examination findings are more 
useful than radiographic findings in discerning 
lent of injury and prognosis. Markedly displaced 
fractures may be found in ambulatory animals and 

no discernible radiographic lesion may be evident in 
animals without deep pa 


ex- 


TABLE 40-12 


Typical Radiographic Findings with Thoracic and Lumbar 
Spinal Fracture/Lux at ion 


in. 


Survey radiographs may be taken on the awake or anes¬ 
thetized patient. Advantages and disadvantages of each 
discussed 


* Discontinuity of bony structures |L©,, dorsal spinous 
process, lamina, pedicle, vertebral body) 

* Malalignment of intervertebral spaces and/or articular 

facets 

■ Fracture lines in the body, lamina, and/or spinous 

processes of involved vertebrae 

* Loss of continuity or i 

* Combination of the above 


are 


on p. 1202. Awake lateral and cross-table 
trodorsal projections are recommended. This evaluation, 
coupled with neurologic examination finding 

mining therapy. If surgery is considered, preoperative 
thetized radiographs should be taken for critical evaluation 
of the vertebral injury (see p. 1204). Because up to 20% have 

spinal fracture/luxation all patients with traumatic 
spinal injury should have a complete spinal series 
ographs. Typical radiographic findings in patients with tho¬ 
racic and lumbar spinal fracture/luxation are listed in Table 
40-12 (Fig. 40-22* A and B), A rough idea of spinal stability 
be judged by whether the dorsal compartment* ventral 
compartment, or a combination of dorsal and ventral 
partment injury exists. Myelography maybe required if there 
is a suspicion of herniated intervertebral disk material* bone 

fragments in the spinal canal, no evidence of vertebral dis¬ 
continuity, or 

with neurologic examination ( 

graphic findings in patients with thoracic and lumbar spinal 
fracture/luxation are consistent whth an extradural mass 
and are described and illustrated in Fig. 38-15 on p. 1208. 


ve n - 


s, aids in deter- 


molalignment of the spinal 


anes- 


c o ni - 


when radiographic findings do not correlate 


p. 1204). Typical myelo 


see 


FIG 40-22 


A, Lateral and B, ventrodorsal radiographs of a dog with 
L4-L5 luxation. Notice the accentuated intervertebral : 
at L4-L5 on the lateral view and lateral vertebral body 
displacement on the ventrodorsal view. 


FIG 40-21 

Lateral radiograph of a dog with an L4 fracture. Notice th 
severe vertebral displacement. 


space 
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DIFFERENTIAL DIAGNOSIS 


placed on the thoracolumbar spine by the cart's supporting 
bars. 


Possible etiology of spinal disorders based on history, 
DAMMIT-V scheme, and myelo graph! c classification is 
given in Chapter 38. The most likely differential diagnoses 
for an extradural mass are intervertebral disk extrusion, 
fracture/luxation, diskospondylitis, congenital malforma¬ 
tion, neoplasia, and vertebral body osteomyelitis. Diagnostic 
differentials can usually be eliminated by appropriate use of 
physical, hematologic, serum chemistry, CSF, and radi¬ 
ographic evaluations. Diagnosis of thoracolumbar fracture/ 

luxation is confirmed by radiography 

Because concurrent injuries are common in patients with 

m 

thoracolumbar vertebral fracture/luxation, physical exami¬ 
nation and patient stabilization, with management of lile 

threatening injuries, is the initial obje 
vere trauma should be treated for shock and the T-L spine 
stabilized by securing the patient to a rigid platform. After 
initial stabilization, neurologic examination is performed to 
localize the fracture/luxation and help determine therapy. 
Radiographs of the thoracic and lumbar spine should be 
taken while the patient is conscious for initial assessment. 
Conservative or surgical management i 
neurologic status, serial neurologic examinations, radi¬ 
ographic assessment of spinal stability (i.e., Is the fracture 
stable or unstable?) (see Table 40-12), and presence of con¬ 
current injuries. 


SURGICAL TREATMENT 


Patients that fail to respond to an appropriate course of medical 
management or present with profound neurologic deficits (see 
Tables 40-13 and 40-14) are surgical candidates. Objectives of 
surgical treatment include spinal cord and nerve root decom¬ 
pression and vertebral fracture/luxation stabilization. Decom¬ 
pression is generally provided by fracture/luxation reduction. 
Laminectomy and mass removal (e.g., disk material, bone frag¬ 
ments) are rarely needed. Stabilization can be provided by 
multiple procedures; however, only techniques and various 
configurations of techniques that have been clinically or bio- 
mechanically proven to provide adequate vertebral stabilization 
are discussed here. These include Stein mann pins and methyl¬ 
methacrylate (bone cement), vertebral body plates, dorsal spin¬ 
ous process plates, modified segmental spinal fixation, or a 
combination of the above techniques. Choice of technique is 
dictated by location of the fracture, size, age, and disposition of 
the patient, equipment available, and experience of the surgeon. 


ctive. Patients with se- 


is based on initial 


NOTE * It is important to remember that patients re¬ 
taining even minimal neurologic function deserve the 
benefits of conservative treatment if surgery is 
ceptable to the owner. 


MEDICAL MANAGEMENT 


Preoperative Management 

The animal should be given intravenous fluids and steroids 
before surgery. Intravenous steroids may be administered to 
protect the spinal cord from surgical manipulation. The 
steroid of choice is methvlprednisolone sodium succinate 
(30 mg/kg intravenously). 

Anesthesia 

Suggested anesthetic regimens for animals undergoing 

spinal surgery are on 
tioning that may cause respiratory compromise, mechanical 

ventilatory support should be considered. 


Medical management includes strict confinement, a back 
brace, antiinflammatory medication, and serial neurologic ex¬ 
aminations (Table 40-13), Ambulatory patients should be re¬ 
stricted to a cage or a small room or kennel for 2 to 3 weeks. 
A comfortable, well-padded back brace or body splint con¬ 
structed from basswood or lightweight, moldable fiberglass 
supports the spine. Although the efficacy of a back brace may 
be questioned, it appears useful to counteract excessive ventral 
and lateral flexion of the torso while the patient is confined. 
Generally, patients are treated with antiinflammatory drugs. 
Commonly used antiinflammatory and muscle relaxant drugs 
and their dosages are 

p. 1232 and p. 1258. These medications can be used inde¬ 
pendently or 

fects of commonly used antiinflammatory drugs is important 
(see Tables 39-11 and 39-12 on p. 1234). Choosing the proper 
drug regimen Is dictated by the patient's clinical signs and 
therapeutic trials. A list of common clinical presentations and 
suggested medical therapies are listed in lable 40-14. 

Neurologic examinations should be performed twice 
daily for the first week, then daily until the patient is released 
from the hospital. Nonambulatory patients are treated with 
strict cage confinement, a back brace, antiinflammatory 
medications, and serial neurologic examinations. In addi¬ 
tion, non ambulatory patients should have easy access to wa¬ 
ter and food; a soft, dry area to lie down; bladder expression 
three to four times a day; bowel management; and physio¬ 
therapy to maintain muscle mass and joint range of motion. 
A paraparetic cart is not recommended due to pressure 


p. 1214. If the patient requires posi- 


listed in Fables 39-9 and 39-25 on 


Surgical Anatomy 

Anatomy of the thoracolumbar spine is described on p. 1269 

Positioning 


in combination. Knowledge of potential side ef- 


ues used for surgical stabilization for thoracic and 
lumbar fracture/luxation require a dorsal approach. Patient 
positioning is generally sternal recumbency and is described 
and illustrated in Figs. 40-3 and 40-4 on pp. 1270-1271. 


SURGICAL TECHNIQUES 

Steinmann Pins and Bone Cement 


This technique provides an effective means of spinal stabi¬ 
lization. It can be performed on any area of the spine (e.g., 
thoracic, thoracolumbar, lumbar, lumbosacral) and in any 

is performed easily; 

of special equipment. If does 


age or size animal of any disposition 
and requires a minimum 


ne- 
















1291 


Chapter 40 Surgery of the Thoracolumbar Spine 


0 CD 


0 


GJ 


a> 


© 


© 


© © 


0 a> 


> > 


“D 


"P 


a o 


□ 


o 


o 


o 


□ 


a o 


□ □ 


cn P> 
O P 


3 


3 


03 


CD 


as 


CD 


CD 


0) D> 
Q 0 


CD CD 
P O 


(A 


O 


o 


o 


o 


p 


0 0 


(A 


0 © 0 a> 


© 


0 © © 
jQi -P _Q 

ODD 


JO J0 

JPpO 
O □ 


© 0 


1) CD 


o 


p p 


z 


o o 


o o p □ 

o o o o 


p 


O P 


O O 
O O 

— r 

o b 


O 


> > 


O 


OOP 


D 0 


o o 


p. P 


O 


> > > 


> > 


> > 




P P O P 


p 


o p a 


p a 


□ a 


o. 


p 


c 


CD 


© 


0 


P 


0 


E 


E 


N 


CL 


© 


0 


O 


P 


03 


CD 




o 


p 


s. 


p 


□ 


£ 


vs 


O 


P 


■ 


P 


E 


E 


“O 


o 

If —1* 


0 


0 


3 0 0 


c 


c 


c 


V3 C 


> 


0 


O 


o 


o 




o 


vs 


0 


0 , 


0 ’ 


o 


9 N P 


o 


a n 


p 


o . 


o 


CL P 


> 


N 


IM 


N 


N 


P 


£ ■ 


o 


0^P tE 


0 


o N 


0 


O * 


2 P^ 


_Q 


0 


S S 


C 


u 


u - 




> 


> 


v> o 


vj Q 


P 


0 


O 


o 


J3 


Z 


o 


o 


P >- VO 


p 


vs 


V) 


tO 


P 


P 


P 


a 


> > 

0 0 
to l ~ 

£ C 

O 0 

UU 


LU 


CD 


O 


00 0 ] 


£ 


£ 


0 


0 


Lfl 


0 


P P 


P P 

U U 

b)'p 

5 b 

LO <o 


P 


o o 

u u 

o/CD 


CM 


> 


> 


0 


o .y .y 


© 


0 P 

to , — 

L 

o D 

U<0 


Q_ n 
P C p 

*- ■ A 

p CL 


O ■ 


< 


to 


<0 


to 


CD CD 


£ CD 


CL 


CL 


Q_ 


U 


a 


o 


0 


£ 


E 


E 


c 


U 


u 


lo to 


00 00 


Cu 00 


0 


o 


"9 Cl 
O a 


O 




c 


(J 


E 


o 


0 O 

15 ^ 


"ii 


yn 


O 




c 


11 


* -V 


J> 


to 


0 


tO 


LO 


0 


0 


CD 


0 


£ 


wO 


E 


0 


"a 


-a 


o 


0 


c 0 


E 


c 


0 


E 


Z 


0 


9 o > 0 

O''! Lfl V; 

E J K § 




0 


0 


0 


0 


0 


U 




0 


0 


JQ 


C 03 
0 05 


o 


0 


0 


-X) 9 


3 


P 


£ 


□ 


> 


> 


> 


g_S 

to Q_ 


P 


Cl 


P 


0 


0 


© 


0 




»■ — 


0 0 0 Q_ to 


CL 


4/J 


4/3 


1/5 


i/3 </? 






■I/I 




1] 


E 


u 


i/l 


* ^ 


0 


0 


0 


G 


o 


o 


0 


V) 


o o E o 

0 p 


c 


0 


4/3 


-X3 


c 


4* 


0 


0 


CO 


<J 


C 


0 


0 


L K © 

0 E 


P 




< 


0 □ 


a p 


E 




wl 


’ *■ Q_ 


OJ 


p 


© 


» E 


E 


v> 


0 


to 


0 □ *2 


V) 


0 


P 


p 


U, 


V 


> 


0 


c e £ 


L C 


s. s 


0 


u 


0 


o 


0 


0 


0 


0 =1 


E E u 
0 0* - 
u u 0 E E 
0_a = □ , 


0 3 E 


o 0 p 


p 


o 


o 


U 


4/3 


4/5 


cd 


T3 _ 
o ^ 

0 C 0 


a 


E 


a 


CL 


* ■** 


U7 


S- 0 

L/l __ 


O 


o 


o S? 


o 


u 


^ o 


2 


a. 


E 0 


E 


p 


PL 


0 


0 


0 


iO 


O 


-P 


0 


0 


> E 


E 


- E 


■vO 


a 




o 


l/» 


0 a 


cl o_ 

to vs 

^0 ^P 

o o --- * 

ZZ 25 5lS 


O E 0 P ® 
E ® - - u 


w— fc p a 

m w E 


p o © 

E E 


111 8^ o 


Ln 


□ 


2 Si 

o ^ 


o 




u 


u 


E 


[O 


O 


O 


O 


P 


o 


:=■§ 


c - 


O 


~o c ’ — 

lO O 3 .9 Q. 


9 'E 


E 


Q, 


c 


£ £ CL 

■ 9— ■ -W9- 


cl t 


o 


2 


_a 


55 


5 


5 


5 


5 


u 


5 5 


E 


o o 


0 


c 


0 




o 


« 


1 . 






o 




£ 


c 

C 0 


E 


o 


B 2 


o 


p 


o 


p 


□ 


H 


□ 


P 


p 


a 


p 


0 


; 3 


0 


JP 


u 


JO 


0 


p 


p 


p 


CD 


5 


0 E 


0 E 


5 32 


E 


E 


0 


O 




^ g 


m £ a 

> c" 


P5 o 


CD 


.o 


P 


zs 


o 


0 


o 


£ 


£ 


wO 


c 


I ^ 


o 


L” O 


E © 


> £ 


£ 


> 


o 


£ 


0 


o 


□ ~o 


o ■ 


o 


O ■; 


_ a ,9j □ _ __ 

cl cl v> d o to cl 




D « O ___ - w 

CL to Cl 0 vj cl cl o vj 


4/3 


y) 


<u 


cd 


3 


o 


0 


0 


0 


0 


0 


0 


£ 


E 


E 


LU 


^ a 


□ 


u 


u 


g. 


u 


p J 


P p u 
P Q_ O 0 CL 

CQ O OQ 


p ■ 


U 


Z 


© 


o 


o 


O O Q.L 

1 B D 

O i 3 p ■ 


- n a P cl.E 

g °BQ 5 O > 


* ^ 


o CO □ CQ 


O 


P 


G 


< 


L u 


2 p 




u 


u 


p p 

91 — 4 is 


I 3 a 


P 3 □ 


0 


1 


CL 


Cl 


Cl CL 


P 


O 


□ 


□ □ 
OO LO 


G 


E 


o 


LO + 


+ 


+ 




LO + 


T- 


LH 


LO 


LO 


O 


&c 


JG 3 


!S 


# 


0 


E 


£ 


c 


73 


C 




□ 


a 


hm 


% £ 
O £ 


s 




o 




0) 




3 




p 


0 




V 


0 


to 


E 


a 


CX3 


-¥ 


a. 


■ ■ 


o 


3 


p 


6 




E 


t- 


01 


E 


JQ 


o > 




3 


o 


81 


© 


c > 




L. 


E 


o 


6-= 
V QL 


5 » 

0 .E 


IA 




0 


0 


c 


i j 


■ 

W5 


0 ‘Si 


C 


a 


ws 


LU 


o 


> 


.. 9>. 


3 0 


© 






11> 


■ V 


D 


cC 


0 


.E S 


c -Q 


c 


c 


c 


0 




□ 


a 


.< 


Vi 


E 


D 


z 


o 


0 


Q.Q.U 


a a 


o 


D 


a 


3 


© 


C3 


0- 0 o 

C 1- 


Q. 0 


a 


> 


O « 


y= 


< 


^ 2 


^ E 


a 


-^oo 

c a 




k 32 


0 


H 




J 


.£ 0 


u 


w 




u 


V 


V5 


0 


a 


I £ 


o 


0 


D 


P 


P 


z 


jj □ 

O £0 


o 


1 


^ 0 
















1292 


PARTY Neurosurgery 


( py TABLE 40-14 

w 


Recommended Therapy* for Patients with Thoracolumbar Vertebral Fracture/Luxation Based on Neurologic Signs 


THIRD 

TREATMENT 


SECOND 

TREATMENT 


INITIAL 

TREATMENT! 


CLINICAL 

PRESENTATION 


RESULT 


RESULT 


Continue steroids! 
Consider $urgicol§ 
stabilization 
Follow—taper 
steroids 

No improvement Consider surgico 

stabilization 


No improvement Steroids! 


No drugs 


Improvement 

Deterioration; 

paraparesis 

Improvement 


Back pain; no 

paraparesis 

Back pain; CP 
deficits 


Continue steroids! 

Continue steroids! 

Consider surgical 
stabilization 
Continue steroids! 

Steroids! for 1 
more day 


Steroids! For 1 day 


Improvement 


Static 


Deteriorating 

Improvement 


Follow—taper 
steroids 


Steroids! for 1 day 


Improvement 

Improvement 

Static or 

deteriorating 


Ambulatory 

paraparesis 


Static 


steroids 

Consider surgical 

stabilization 


Consider surgical 


Deteriorating 
Follow radio- 


stabilization 


Recommend early sur- 

pre- 


Weakly 

ambulatory 

paraparesis 

Nonambulatory 

paraparesis 

Paraplegia 


ic 


gery; 

operative steroids 
Recommend early sur¬ 
gery; administer pre- 
operative steroids 


Follow radio¬ 


graphically 


See Table 40-1 3 


*5ee Table 39-9 on p, 1232 and Table 39-25 on p. 1258 for drugs, dosages and variations on duration of therapy. 

f All pateints are placed in strict confinement for 3 to 4 weeks, fitted with a back brace, and given a neurologic examination daily as port of 
their medical management regardless of drug used or duration of drug therapy. 

!Nonsteroidal antiinflammatory drugs can be substituted for corticosteroids, however 
tory drugs in combination should not be considered, § If deep pain perception remains, give the patient the benefit of further conservative ther¬ 
apy if surgery is unacceptable to the owner. 

cessitate a thorough knowledge of vertebral anatomy and 
constant reference to an appropriate anatomic specimen. 

Dogs weighing less than 15 kg with luxations or fractures 
dose to the end pi ate can be stabilized with one 20-gm pack¬ 
age of methylmethacrylate. Dogs weighing more than 15 kg 
require two 20-gm packages. Generally, two or three 20-gm 
packages of methylmethacrylate are required when spanning 
a vertebral body fracture or when a laminectomy has been 
performed. Because pin placement is critical and anatomic 
landmarks vary from vertebra to vertebra* a skeleton should 
be available for reference during this procedure. 




the use of corticosteroids and nonsteroidal 1 anHinfbmmo- 


volved . If a dorsal laminectomy or hemilaminectomy is indl 
coted, perform 


os described on pp. ? 270 and f 274 

spectively Reduce the vertebral fracture/luxation using bone- 

towel clamps applied to the dorsal spinous 
processes * Fac il i fate reduc ti on by having two non sterile assis¬ 
tants apply gentle traction on the head and toil [ Maintain re¬ 
duction of the fracture/luxation with traction on towel clamps, 
or if a dorsal laminectomy is not performed[ place a 0.45' 
inch Kirschner wire across each articular facet . Use an elec - 


re- 


holding forceps 


or 


trie or air driven drill to place Steinmann pins into the verId¬ 
ea ch side of the fracture/luxation, in rfre 
thoracic vertebrae , place pins into the pedicle and drive f/iem 
into the vertebral body ; using the tubercle of the ribs and base 
of the accessory processes as anatomic landmarks „ In the 
lumbar vertebrae , place pins into the vertebral bodies , using 
the accessory processes and transverse processes as land¬ 
marks. Direct the Steinmann pins cramoventrally and from 
lateral to medial in the vertebral body cranial to the frac¬ 
ture/luxation, an 
in the 

40-23). Drive each Steinmann pin to exit 2 to 3 

tra! aspect of the vertebral body. Cut the pins 3 to 4 mm 
below the level of the dorsal spinous processes. Notch each 
pin at its dorsal aspect with a pin cutter if a laminectomy was 


bra I bodies 


on 


Approach the spine as described for modified dorsal 
laminectomy (p, 1270). Place towel forceps in the dorsal 

of th e vertebrae cronial and caudaI to the 






spinous processes 

fracture/luxation; apply traction and countertraction during 
epaxial muscle elevation from lamina and pedicles. 


d caudoventrally and from lateral to medial 
ertebral body caudal to the fracture/luxation (Fig. 

from the 


This helps avoid fracture/luxation displacement during 
dissection. 




Continue dissection ventrolly to the level of the costal fo veo o f 
the transverse processes if a thoracic vertebra is involved or 
the base of the transverse processes if a lumbar vertebra is in- 


ven 
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FIG 40-25 


A, tf a la minectomy is not performed in conjunction with 
Steinmann pin and methylmethacrylate bone cement 
stabilization, mold bone cement around pins, dorsal spinous 

nd pedicles of affected 


FIG 40-23 


Proper location and direction of in the, A, thoracic and B 
lumbar vertebral bodies. C, Lateral view showing proper 
direction and angle of Steinmann pin placement in two 

adjacent vertebra. 




t 


processes, articular facets, lamina, a 
vertebra. B, If a vertebral body fracture must be spanned 

Steinmann pin and methylmethacrylate bone cement, 

bodies cranial and caudal to the 


using 

place pins in the vertebral 

fractured vertebra. 


p/ns (Fig, 40 24). Take core not to allow methylmethacrylate 
to contact spinal cord or nerve roots „ If a laminectomy was 

of methylmethacrylate, 


not performed , apply a circular 
incorporating Steinmann pins , articular facets > lamina, pedi- 

and adjacent dorsal spinous process (Fig, 40-25 f A). If 
fractured vertebral body must be spanned , p/ace p/ns in the 
body cranial and caudal to the fractured body (Fig, 40-25, 
BJ, Use the some technique as described above, lavage the 
methylmethacrylate with cool saline for 5 minutes to dissipate 
the heat of polymerization, if necessary ' excise portions of 
epaxial muscles adjacent to methylmethacrylate, to facilitate 
closure. Close lumbodorsol fascia to the dorsal 
onabsorbable monofilament suture material In a simple in- 


cles t 


a 


FIG 40-24 

When performing a laminectomy in conjunction with 
Steinmann pin and methylmethacrylate bone cement 
stabilization, mold bone cement in the shape of a doughnut 
to prevent contact of cement and spinal cord. 


performed, cover the defect with an autogenous fat graft . 
Thorough/y mix the liquid monomer with polymer powder 

On ce theme thy/me thacrylafe 
to the surgeon s 
making sure j 

dors a/ aspects . tf a dorsal laminectomy 
has been performed t mold the methylmethacrylate into the 

shape of a do ugh n u t 


n 


tempted pattern , 


be handled without sticking 
pach it around the Steinmann pins 
it contacts all surfaces of each pin 


-/j 


in the lumb odor sal fascia lateral to 
necessary to facilitate closure. 


the 


Rarely* relief incisions 
the methylmethacrylate are 

C/ose subcutaneous tissues and skin routinely 


covers 


hemilaminectomy 


or 


as it is packed around the Steinmann 
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Dorsolateral Vertebral Body Plating 

This technique provides effective spinal stabilization. It is 
recommended that an anatomic specimen be available for 
reference during placement of plates and screws. Advantages 
and disadvantages of this technique are listed in Table 40-15. 
Dorsolateral vertebral body plating requires dorsolateral ex¬ 
posure of lamina, pedicles, facet* and transverse process of 
lumbar vertebrae or lamina, pedicle, facet and rib head of 
thoracic % r ertebrae; the approach Is as described for hemil¬ 
aminectomy on p. 1274. Exposure of articular processes of 
the vertebra to be plated and articular processes of vertebrae 


cranial and caudal to these is recommended If the luxation, 
subluxation, or fracture is close to the intervertebral space, 
stabilization of the two adjacent vertebrae is adequate. If a 
midbody fracture exists, three vertebral bodies are spanned 
by the plate. 


identify and protect spinal nerve roots encountered cranial 
and caudal to the fracture/luxation. Using bipolar cautery ; 

e fully cauterize the vessels and nerve root emerging from 
the intervertebral foramen between the vertebrae to be 
plated. Carefully sever the vessels and nerve root. If a hemil¬ 
aminectomy is indicated, perform it now (see p. 1274). Se¬ 
lect a bone plate that will allow placement of two screws in 
each vertebral body cranial and caudal to the affacted in¬ 
tervertebral space (luxation, subluxation) or affected verte¬ 
bra/ body (fracture). Reduce and stabilize the fracture/luxa¬ 
tion by placing towel clamps in the dorsal spinous processes 
of th e vertebrae era n ia I an d co udal to the fracture/ 1 /uxaHart 

of traction and countertraction. if a 


ca r 


TABLE 40-15 


Advantages and Disadvantages ol Dorsolateral Vertebral 

Body Plating 


Advantages 


to provide a means 
laminectomy is not performed , place a 0.45-inch Kirschner 
wire through the reduced articular facet to maintain reduc- 

the dorsolateral surface of fee reduced 


* Can be performed on any age, size, or disposition of 
patient 

* Provides 


rigid means of spinal stabilization 


tion. Lay fee plate 


vertebra/ body, ventral to the articular facet or laminectomy 
defect. Drill and tap screw holes to ensure four cortices are 
engaged cranial and caudal to the involved fracture/luxa¬ 
tion. Judge fee proper angle for each hole by referring to an 
anatomic specimen (Fig. 40-26 , AJ. if □ laminectomy is per- 

the anatomic location of the spinal cord and 
spinal canal as reference points to determine proper drill an¬ 
gle. After the hole is drilled, measure the depth with a depth 


Disadvantages 


Need for nerve root resection at the spanned interverte- 


the 


bral space precludes its 
vertebra 


use 


roach to thoracic vertebrae is difficult 


: &* to ensure the 


use 


placement 

* Requires plating equipment 


FIG 40- 

A, Proper placement of a spinal plate on lumbar vertebrae. Notice that nerve root 
resection (rhizotomy) is required. B, For spinal plating of thoracic vertebrae, resect 
involved ribs to allow placement of the plate against the vertebral bodies. Wire ribs to the 
dorsal spinous processes after placement of the spinal plate. 
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gauge, tap the hole r select an appropriate length screw, and 
secure the plate to the vertebral body. 

For thoracic vertebrae, expose the rib heads of the verte¬ 
bral bodies to he plated , Use a bone cutting forceps to cut 
the rib head from its attachment to the vertebral body: Con ' 
tour the transverse process with rongeurs until the plate lies 
flat against the vertebra/ body Secure the plate as described 
above. Reattach the severed ribs to the dorsal spinous 
processes with orthopedic wire (see Fig. 40-26, B| Lavage 

the surgical site with sterile saline solution, harvest an auto¬ 
genous fat graft and place it over the laminectomy site, ap¬ 
pose epaxia! muscles with nonabsorbable monofilament su¬ 
ture, and close subcutaneous tissues and skin routinely 

Dorsal Spinous Process Plating 

Dorsal spinous process plating using plastic plates provides 
effective spinal stabilization. Advantages and disadvantages 
are listed in Table 40-16. Plastic plates are designed to con¬ 
form to the normal curvature of the spine and come in var¬ 
ious sizes. Plate application requires exposure of the dorsal 
spinous processes and articular facets as described for mod¬ 
ified dorsal laminectomy on p. 1270. The technique for re¬ 
ducing and maintaining reduct ion of the if acture/luxation is 
as described above. 


each side of the fracture/luxation. Place them such that the 
roughened surface lies against the dorsal spinous processes. 
identify areas of contact that will keep the plates from lying 
uniformly on the lamina. Remove the plates and use a high¬ 
speed air drill to deepen these areas f see Fig . 40-27 , Bj. Re¬ 
place the plates , pass stainless steel bolts through predrilled 
holes in each plate and between spinous processes , and 
place washers and nuts on each bolt (see Fig. 40-27 1 A). 

Hold the fracture/luxation reduced f, and tighten the nuts 
til plates are in contact between the 
Lavage the surgical site with sterile saline, dehride any devi¬ 
talized muscle, close epaxial muscles with a nonabsorbable 
monofilament suture , and dose subcutaneous tissues and 
skin routinely. 

Modified Segmental Spinal Fixation 

Modified segmental spinal instrumentation provides a 
simple, versatile, and strong repair of vertebral fracture/ 
luxations. Advantages and disadvantages are listed in Table 
40-17, Pin and wire application requires exposure of dorsal 
spinous processes and articular facets as described for dorsal 
laminectomy procedures on p. 1270, Number and size of 
longitudinal and central pins (see below) used are depend¬ 
ent on size and activity of the patient and relative stability of 
the fracture/luxation. Generally, large patients with an un¬ 
stable fracture/luxation, are stabilized with relatively large 
central pins and a greater number of longitudinal pins (Le., 
three to six pins). Moreover, central and longitudinal pin size 
may be varied and the length of longitudinal pins may be se¬ 
quentially decreased to achieve a leaf spring effect (Fig. 40- 
28). li further stiffness is desired, muscular and tendinous 
attachments lateral to the articular facets are dissected free 
and a second set of pins is placed in a similar fashion lateral 
to the facets. 


un- 


spmous processes. 


Mote an incision on each side of the dorsal spinous 
processes , being careful to preserve supraspinous and inter- 

spinous ligaments « Elevate epaxial muscles from the dorsal 
spines and articular facets of at least three vertebrae cranial 
and caudal to the fracture/luxation. Do not sever mu sc/e at¬ 
tachments from the lateral aspect of the articular processes. 
Select two appropriately sized plates and lay them along the 
s pace between the dorsal spine and articular facet on each 

side of the vertebrae (Fig. 40-27 \ A), Be sure the plates ore 
long enough to grip spinous processes of three vertebrae on 


Expose two to three spinous processes and articular facets 
cranial and caudal to the fracture/luxation, depending 


on 


TABLE 4a 16 


TABLE 404 7 


Advantages and Disadvantages of Dorsal Spinous 
Process Plating 


Ad vanta ges a n d D i s ad van tages of Mod i fi e d S e g m en t al 
Spinal Fixation 


Advantages 

• Provides a secure means of spinal stabilization 

* Limited exposure helps retain inherent spinal stability 


Advantages 

* Can be performed in any area of the spine (he,, tho¬ 
racic, thoracolumbar, lumbar, lumbosacral) 

* Can be performed in any age, size, or disposition of 
animal 

* Relatively easy to perform 

* Requires no special equipment 

* Less muscle dissection is required than with Steinmann 
pins and bone cement or body plating 

* is compatible with dorsal laminectomy procedures 

* Provides a strong repair 

Disadvantages 

* Pin migration and fatigue fracture of orthopedic wire or 
pins may occur 


■ umirea exposure netps retain inherent spinal staDmfy 

• Easily performed 

• Is compatible with hemilaminectomy 

Disadvantages 

• Cannot be used in soft bone of younger animals 

• Requires a series of three prominent dorsal spinous 
processes on each side of the fracture/luxation strong 
enough to support the stresses encountered by an unsta¬ 
ble spine 

• Not rigid enough to use in hyperactive large-breed 
dogs 

• Cannot be used in patients with small dorsal spinous 

processes 

• Requires specialized equipment 
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B 


FIG 40-27 

A f Place plastic dorsal spinous process plates on each side of the dorsal spinous 
processes. Place nuts and bolts through the plates and between spinous processes, 
B, To facilitate uniform plate contact of all dorsal spinous processes spanned by the 
plate, remove any high points of laminar or articular facet contact by the plates with 
a high-speed pneumatic drill. 


B 


Msw 




NS 

L > 


patient size and activity , and inherent stability of the 
fracture/luxation. Perform a dorsal laminectomy if indi¬ 
cated, as described 

luxation and maintain reduction as previously described 
above. Drill holes through the bases of articular facets (do 

not cross the articulation}, bases of dorsal spinous 
processes , and tangentially through the dorsal lamina . 
Make the holes large enough to accommodate 18- or 20- 
gouge orthopedic wire . Preplace orthopedic wire through 
each hole , leaving the ends long enough to wrap around 
several Steinmann pins. Select two Steinmann pins long 
enough to include at least two vertebrae cranial and cau¬ 
dal to the affected vertebra (fracture} or intervertebral 
space (luxation , subluxation), called longitudinal pins * 

Bend the ends of the longitudinal pins at right angles to 
tend either into the interspinous space or through holes 
drilled transversely through the base of the dorsal spinous 
process . Place longitudinal pins in the space between cfor- 
sal spinous processes and articular facets ( 

Ah Place one central pin on each side of the dorsal spin¬ 


ous processes nearest the fracture/luxation. Bend the ends 
of the central pins to hook around the base of the dorsal 
spinous processes . Wire the central and longitudinal pins 
to the base of the articular facets , dorsal lamina , and dor¬ 
sal spinous processes with the preplaced stands of ortho¬ 
pedic wire (see Fig. 40-28 , BJ. Lavage the surgical site with 
sterile saline, debride any devitalized muscle , close epox¬ 
ies! mus cles wi th a no nab s orba ble ni o n o ft)lam ent su ture f a nd 
close subcutaneous tissue and skin routinely 


1270. Reduce the fracture/ 


on p. 


SUTURE MATERIAL/ 
SPECIAL INSTRUMENTS 


Special instruments necessary are dictated by the stabiliza¬ 
tion technique chosen. When using methylmethacrylate, an 
assortment of Steinmann pins of various sizes should be 
available. Vertebral body plating requires special orthopedic 
plating equipment; dorsal spinous process plating requires 
specially constructed plastic spinal pku es; and modihed seg- 
mental spinal fixation requires assorted Steinmann pins and 

orthopedic wire. 


ex- 
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Orthopedic 


Centra! 


wires 


FIG 40-28 

A, Perform modified segmental spinal fixation by wiring central and longitudinal pins to 
the base of dorsal spinous processes and articular facets. B, Place the orthopedic wire 
through the dorsal spinous process and articular facets. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


signs and subsequent medical or surgical management cho¬ 
sen, Cl in teal factors and probable patient outcome are out¬ 
lined in Tables 40-13 and 40-14, 


Patients with thoracic and lumbar fracture/luxation 
should be evaluated postoperatively in a similar fashion as 
patients with other T-L spinal disorders (see 
See Table 39-13 on p. 1236 for suggested analgesics and 
d o sa ges, 


40-4), 


Refe rencGS 


in the dog and cat: neu- 


Reeney DA, Oliver JR: Blunt spinal trauma 

rologic, radiologic, and therapeutic correlations, / Am Anim 


COMPLICATIONS 


Hasp A ss ut 16:664, 19 80. 


Seker RR, Dubb Wf, Walker TL: Management of vertebral column 
fractures in dogs and cats: 211 cases (1977—1985), j Am Vet Med 
A$$oc 198:1965, 1991* 


pins and 


Complications associated with use of Stein man n 
bone cement include iatrogenic injury to the spinal cord or 
pin migration, Complications associated with vertebral body 
plating include iatrogenic spinal cord injury, inappropriate 
screw placement, iatrogenic pneumothorax, or screw and 
plate migration. Complications associated with dorsal spinal 
plating include plate slippage and fracture of the dorsal spin¬ 
ous process. Complications associated with modified seg¬ 
mental spinal plating include fatigue fracture of pins or 


■m 


Bruecker KA, 5dm HB III: Principles of spinal fracture manage¬ 
ment, Sew Vet Med Surg 7:71,1992. 

Garcta JNP et el: Biomechanical study of canine spinal fracture fix¬ 
ation using pirn or bone screws with polymethylmethacrylate. 


Vet Surg 23:322, 1994, 


wires or pin migration. 


Patterson RH, Smith GK: Backsplinting for treatment of thoracic 


the dog: principles of applica 


and lumbar fracture/luxation in 


PROGNOSIS 


tion and case series. Vet Comp Orthvp Traumatol 3:179, 1992. 
Shires PK et ah A biomechanical study of rotational instability in 
unaltered and surgically altered canine thoracolumbar vertebral 
mot ion units. Prog Ve t Net t ro I 2 : 6, 1991, 


Prognosis for patients treated medically or surgically for 
thoracic and lumbar fra ctu re/lux at ton is generally favorable 
and is dependent on assessment of apparent 


neurologic 
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Waldron DR et al; The rotational stabilizing effect of spinal fixation 
techniques in an unstable vertebral model. Prog Vet Neurol 2:105, 
1991 , 

Wt)ng w r f, Emms SG; Use of pins and methy 1 methacrylate in stabi- 

iization of spinal fractures and luxations, / Small Anitn Pract 

33:415,1992, 


History, Historical findings depend on location of the 
neoplasm relative to the dura. Animals with extradural neo¬ 
plasia generally present because of acute pain and varying 
degrees of upper or lower motor neuron paraparesis, while 
those with intradural-extramedullary neoplasia present with 
a chronic history (months to years) of dull back pain or 
hindlimb lameness plus varying degrees of monoparesis or 
paraparesis. Patients with intramedullary neoplasia present 
with acute paraparesis (often after a long insidious onset), 
with or without back pain. Careful historic evaluation often 
reveals subtle neurologic abnormalities before the acute pre¬ 
senting episode. 

Physical Examination Findings 

Physical and neurologic examination findings associated with 
thoracolumbar spinal tumors vary depending on tumor loca¬ 
tion (see Fig. 38-9 on p. 1202), degree of spinal cord and nerve 
root compression, rale of tumor growth, and secondary ef¬ 
fects of the tumor (Le., paraneoplastic syndrome). Some gen¬ 
eralizations concerning presenting signs can be made tor var¬ 
ious c lass i ftc a t io ns o f ve r t eb ra 11 u mo rs and a re d i sc u s $ ed o n p. 
1264. Patients with tumors involving spinal cord segments T3 
Lo L3 present with varying degrees of back pain and UMN 
paraparesis, whereas those with tumors involving spinal cord 
segments L4 to S3 have varying degrees of low back pain and 
lower motor neuron (LMN ) paraparesis (see Chapter 38), 

Radiography/Ultrasonography 

Abnormal survey radiographs suggesting vertebral* spinal 
cord, or nerve root neoplasia include osteoproduction, osteol¬ 
ysis, or lysis of the intervertebral foramen (see Figs. 39-65 to 
39-67 on p. 1265). Diagnosis of most spinal cord and 
paraspinal vertebral neoplasms requires myelography Specific 
myelographic techniques are described in Chapter 38 (see 
Figs. 38-13 and 38-14 on pp. 1206-1207). Myelography classi¬ 
fies neoplasms as extradural intradural-extramedullary, or in¬ 
tramedullary. Myelographic abnormalities associated with 
each classification are illustrated in Figs. 38-15 to 38-17 on 
pp. 1208-1209. Occasionally, CT scan or MRI is necessary to 
accurately determine extent of vertebral, spinal cord, or nerve 
roo t i nvolve men t. 


NEOPLASIA OF THORACOLUMBAR 
VERTEBRAE, SPINAL CORD, 

AND NERVE ROOTS 


DEFINITIONS 


Neoplasms involving the thoracolumbar vertebrae, spinal 
cord, and nerve roots are similar to those of the cervical re¬ 
gion (see p. 1263). 


SYNONYMS 


Spinal tumors , spinal cord tumors, tumors of the spine , verte 
hml tumors s nerve root tumors 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Tumors of the thoracolumbar vertebrae, spinal cord, and 
nerve roots are classified by location in and around the 
spinal cord (e.g., primary bone, primary spinal cord, pri¬ 
mary peripheral nerve root, primary paraspinal soft tissue, 
or metastatic) and by location relative to the dura (e.g., ex¬ 
tradural intradural-extramedullary or intramedullary). 
Most canine thoracolumbar vertebral, spinal cord, and nerve 
root tumors arc extradural, generally arising from bone. 
Tumor types for each location in dogs (e.g., extradural, 
intradural-extramedullary, intramedullary) are similar to 
tumor types for cervical vertebrae, spinal cord, and nerve 
roots (see p. 1263). Lymphosarcoma is the most common 
spinal tumor in cats and generally occurs extradurally. 
Intradural-extramedullary and intramedullary tumors in 
cats are rare. Spinal neoplasia, regardless of location or clas¬ 
sification, becomes clinically significant when the enlarging 
mass compromises neural tissue (i.e., the spinal cord or 
nerve roots) or its invasive growth undermines the vertebra 
and its supporting structures, leading to pathologic fracture. 


Laboratory Findings 

Laboratory findings are generally normal or reflect paraneo¬ 
plastic syndromes, CSF analysis rarely contributes to a spe¬ 
cific diagnosis; however, cell type or evidence of an inflam¬ 
matory process may support a diagnosis of neoplasia. 


DIAGNOSIS 

Clinical Presentation 

Signalment. There does not appear to be a general sex 
or breed predilection for patients with thoracolumbar verte¬ 
bral, spinal cord, or nerve root neoplasia. Most patients are 
older than 5 years of age. An exception is benign, solitary, or 
multiple cartilaginous exostoses that usually occur in pa¬ 
tients younger than 1 year of age. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis of tumor type is based on location of 
tumor (e.g., bone, spinal cord, nerve root, or metastasis) and 
myelographic classification (e.g., extradural intradural- 
extramedullary, or intramedullary). 


NOTE * When considering differentials in patients 
with neurologic disorders, remember that "tumors 
know no age." 


MEDICAL MANAGEMENT 


Medical management is directed at the primary lesion and 
secondary tumor effects. Generally, definitive medical treat- 
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merit requires surgical exposure and incisional or exrisional 
biopsy to determine tumor type and plan adjunct chemo¬ 
therapy, irradiation, or combination therapy 

SURGICAL TREATMENT 

Preoperative Management 

Patients are given intravenous fluids and steroids before sur¬ 
gery. Steroids help protect the spinal cord during surgical 
manipulation. The steroid of choice is methylprednisolone 
sodium succinate (30 mg/kg intravenously). 

Anesthesia 

See p. 1214 for suggested anesthetic protocols to use in ani¬ 
mals with thoracolumbar spinal disorders. 

Surgical Anatomy 

Surgical procedures to approach and resect thoracic or lum¬ 
bar vertebral, spinal cord, and nerve root tumors include 
dorsal laminectomy and hemilaminectomy, with or without 
facetectomy and foramenotomy. Each procedure removes 
various portions of dorsal spinous processes, lamina, pedi¬ 
cles, and articular facets (see p. 1270), Commonly encoun¬ 
tered anatomic landmarks of thoracic and lumbar vertebrae 
are illustrated in Figs. 40-1 and 40-2 on p. 1270, 

Positioning 

Generally, patients with tho race lumbar vertebral, spinal co rd, 
or nerve root tumors require a dorsal or dorsolateral ap¬ 
proach. Patients requiring dorsal laminectomy are positioned 
with the back gently flexed to open articular facets and inter- 
arcuate spaces, facilitating exposure (see Fig. 40-3 on p. 1270), 
Patients requiring hemilaminectomy should have the affected 
side gently rotated (about 15 degrees) to facilitate dorsolateral 
exposure of affected vertebrae (see Fig. 40-4 on p. 1271), 


Patients with thoracic and lumbar vertebral, spinal cord, and 
nerve root neoplasia are evaluated pos Imperatively just like 
patients with other thoracolumbar spinal disorders. Adjunct 
chemotherapy, irradiation, immunotherapy, or combination 
therapy is based on tumor type and surgical margins. See 
Table 39-13 on p, 1236 for suggested analgesics and dosages. 


PROGNOSIS 


Prognosis depends on tumor location (e.g., spine, spinal 
cord, or nerve root), myelographic classification (e.g., ex¬ 
tradural, intradural-extramedullary, or intramedullary); tu¬ 
mor type (e.g,, biologic activity); degree of surgical resec¬ 
tion; and tumor sensitivity to adjunct therapy. Generally, 
malignant extradural neoplasms have an unfavorable prog¬ 
nosis, benign extradural neoplasms have a favorable progno¬ 
sis, malignant and benign intramedullary neoplasms have 
an unfavorable to grave prognosis, and extradural- 
intramedullary neoplasms have a guarded to unfavorable 
prognosis (see Table 39-28 on p, 1263). 


Suggested Reading 
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SURGICAL TECHNIQUES 


Surgical objectives include exposure of the tumor, w ide re¬ 
section or biopsy of the tumor, spinal cord and nerve root 
decompression, and occasionally vertebral stabilization. 
Thoracolumbar vertebral, spinal cord, or nerve root tu¬ 
mors are generally approached via dorsal laminectomy or 
hemilaminectomy as described on pp. 1270-1276. Wide 
lami n ec t o my, facetect o my, and fo ra men o to m y a re re q u i re d 
for adequate exposure of extradural and intradural- 
extramedullary tumors. Dorsal or hemilaminectomy and 
dura to my are necessary for exposure and removal of in¬ 
tramedullary tumors, if spinal stabilization is indicated, 
techniques described for stabilization of thoracic and lum¬ 
bar spinal fracture/luxations are used (see pp. 1290-1296), 






Selected abstracts of recent manuscript 

Dickey DT et ah Use of the homium yttrium aluminum 
garnet laser for percutaneous thoracolumbar interverte¬ 
bral disk ablation in dogs, / Am Vet Med Assoc 208:1263, 
1996. This study evaluated a laser ablation technique tor 
treatment of thoracolumbar intervertebral disk disease in 
dogs. A prospective case series was performed using 33 dogs 
with signs of recurrent back pain associated with interverte¬ 
bral disk disease. Spinal needles were placed percutaneouslv 
through the annulus fibroses to permit delivery of an optical 
liber into the nucleus pulposes of thoracolumbar interver¬ 
tebral disks T10-T1I through L3-E4. All dogs recovered 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Ult r a so n i c a s p i ra to r s (see p. 1266) a re i nval u abl e, espec iall y 
when removing neoplastic tissue closely associated with, or 
invading, neural tissues. Other special instruments necessary 
to perform thoracolumbar dorsal and hemilaminectomy are 
listed in Table 40-2 on p. 1277. 
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study in dogs with intervertebral disc disease and loss ol 


without complication. Results indicated that percutaneous 


deep pain perception. Vet Surg 25:6, 1996* This study eval 


yttrium aluminum garnet laser ablation reduces 


homium 


indicator of spinal cord 


uated the use of myelography as an 


the volume of nucleus pulposus in treated disks. The authors 


The association of myelographic spinal 


swelling in dogs. 


concluded that used as a clinical treatment and prophyketi- 


cord swelling with neurologic outcome was examined in 46 


, this minimally invasive procedure should prevent fur 


ca 11 v 


dogs with intervertebral disc disease and absence of deep 


ther extrusion of partially herniated disks and should reduce 


pain perception (DPP). Spinal cord swelling was measured 


the chances of subsequent herniation of disks at other treat- 


by calculating a ratio of the length of the loss of the myelo 


ment sites. 


graphic dye column to the length of the L2. A positive neuro 


Dhupa S, Glickman NW, Waters DJ: Functional outcome in 


logic outcome was defined as return of voluntary motor func 


dogs after surgical treatment of caudal lumbar interverte- 


A cut-off value for swelling: L2 ratio 


5.0 was 


tion. 


hral disk herniation, / Am Anim Hasp Assoc 35:323, 1999, 


established by the creation of a receiver operator character - 


Caudal lumbar disk herniations represent approximately 


Overall neurological recovery rate was 43%, Dogs 


3 5% of surgically treated thoracolumbar disk herniations in 


with spinal cord swelling: L2 ratios less than 5.0 had a recov 


control study was conducted to 


dogs* A retrospective case 


rate of 61%, whereas dogs with a ratio greater than or 


cry 


determine the postoperative outcome of this subset ol dogs 


equal to 5.0 had a recovery rate of 26%, Although other fac- 


in the authors' neurosurgical practice. Medical records 


tors, such as duration of neurologic signs, affect neurologic 


we re 


reviewed for dogs with caudal lumbar disk herniation con 


outcome in dogs with no DPP, evaluation of myelographic 


two dogs that underwent 


firmed at surgery. For each case 


spinal cord swelling can assist in establishing a prognosis. 


i n o to r ne l [ ro n t h o raco I u m ba r 


surgical treatment for upper 


Schulz KS, Waldron DR, Grant [W> Shell L, Smith G, Shires 


disk herniation were selected as controls. Probabilities ol 


PK: Biomechanics of the thoracolumbar vertebral column 


functional recovery for cases and controls were 81% and 


of dog during lateral bending, Am } Vet Res 57:1228,1996 


85%, respectively In dogs with caudal lumbar disk hernia 


was to examine biomechanical 


The purpose of this study 


the only significant 


tion, complete sensorimotor loss 


wa s 


characteristics of the normal and surgically altered canine 


predictor of functional recovery. Disk herniations that occur 


thoracolumbar vertebral column to determine the effects of 


the thoracolumbar junction and those that occur in the 

w 


at 


surgery and trauma on lateral stability. The T13-L1 vertebral 


caudal lumbar region should not be considered to be differ 


motion units of 48 mixed-breed dogs were dissected free of 


treatment and postoperative out 


ent in terms of surgical 


surrounding musculature and prepared for biomechanical 


come. The lower motor neuron signs that often accompany 


pinning the vertebral bodies and mounting 


testing by cross 


caudal lumbar disk her nation reflect the site of spinal cord 


in polymethylmethacrylate. Normal and surgically altered 


injury and do not necessarily predict a poor prognosis. 


; subjected to lateral bending. Speck 


spinal specimens 


wer e 


Dhupa S, Glickman N, Waters DJ: Reoperative neuro 


surgically altered by facetectomy lateral 


mens were 


tion, diskectomy and combinations of these procedures. The 


surgery in dogs with thoracolumbar disc disease, Vet Surg 


this studv was to characterize 


results showed only specimens undergoing diskectomy had a 


28:421, 1999. The purpose of 


the subset of dogs in a neurosurgical practice that underwent 


significant decrease in slope and load at failure. Unilateral 


spinal surgery for thoracolumbar (T-k) disc herniation and 


and bilateral facetectomies and fenestration induced a non- 


subsequently underwent additional decompressive T-L sur 


significant decrease in stiffness compared with control spec 


gery A retrospective case series was performed using 30 dogs 


The authors concluded that fenestrations and face 


imens 


that underwent reoperation for T-L disc herniation. A com- 


to increase the risk of injury to the 


tectomies do not appear 


pa risen group of dachshunds that underwent only one de 


canine thoracolumbar spinal cord during lateral bending* It 


co m p re ss i ve T-L disc s u rge ry wa s a I so studied. A total o f 3 0 


is possible that thoracolumbar spinal fractures involving 


of 467 (6.4%) dogs that underwent decompressive T-L disc 


only the vertebral body may significantly destabilize the 


surgery were reoperated. In the early reopera live cases, the in- 


spine in all modes of bending. 


was residual compression from disc 


citing cause in all cases 


Schulz KS, Walker M, Moon M, Waldron D, Slater M, 


material at the site of the initial surgery. In the late reopera- 


McDonald DE: Correlation of clinical, radiographic, and 


tion group, 22 of 25 (88%) cases had a second disc herniation 


surgical localization of intervertebral disc extrusion in 


at a site distinct from the initial lesion. Dachshunds had a sig- 


small-breed dogs: a prospective study of 50 cases, Vet Surg 


nificantly higher risk tor late reoperation; other small and 


27:105, 1998* This prospective study compared clinical, ra- 


medium-size breeds were underrepresented. A total of 21 of 


and surgical findings of intervertebral disc ex 


diog ra p h i 


23 (91%) dogs h ad fu n ct i on a 1 reco v e ry afte r 1 a te re o pera tion. 


s to determine 


trusion (IDE) localization in small-breed dog 


The authors concluded that a second disc herniation occur 


the best means of lesion localization for the purpose of 


site distinct from the initial lesion is the most com 


ring at a 


hemilaminectomy. A prospective case study was conducted 


for reoperation and that dachshunds are at signsf- 


mon cause 


with IDE. Clinical 


using 50 small-breed dogs 


icantly greater risk for this than other breeds* 


findings were recorded by the surgeon assigned to the case. 


The authors concluded that clinical lateralization of IDE was 


Duval I, Dewey G, Roberts R, Aron D: Spinal cord swelling 


found to be the least reliable factor of those studied for de- 


myelographic indicator of prognosis: a retrospective 


as a 
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termining on which side the hemilaminectomy should be 
performed. Results of this study differ from those of previ¬ 
ous studies examining the reliability of myelography to lo¬ 
calize the site of IDE accurately. The authors suggest that 
surgery may not be an absolute standard for determination 
of the localization of IDE in small-breed dogs. 


ings; and treatment outcome of dogs with thoracolumbar in- 

tervertebral disk disease (IVDD) whose only clinical signs 
were those of hack pain. A retrospective case series was per¬ 
formed on dogs with IVDD and clinical signs of back pain 
only, without neurologic deficits. Results showed spinal cord 
compression was detected in 20 of 25 (80%) dogs. Treatment 
included decompressive surgery in 18 of 25 (72%) dogs and 
all dogs underwent intervertebral disk fenestration. The con¬ 
dition was improved in 24 ol 25 (96%) dogs after surgery. 
The authors concluded that dogs with thoracolumbar IVDD 
that have clinical signs of back pain alone, without neurologic 
defictis, may have substantial compression of the spinal cord. 


Sukhiani HR, Parent JM, Atilola MAO, Holmberg DLl In¬ 
tervertebral disk disease in dogs with signs of back pain 

alone: 25 cases (1986-1993), J Ant Vet Med Assoc 209:1275, 
1996, The purpose of this study was to evaluate the popula¬ 
tion characteristics; historical, clinical, and diagnostic find¬ 
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GENERAL PRINCIPLES 

AND TECHNIQUES 


V ?/■ 


other organ systems ('e.g., urinary, cardiopulmonary, associ¬ 
ated vertebral or appendicular skeletal fr acture/luxations). 
Surgical urgency is determined by initial and serial neuro¬ 
logic examinations. Generally, patients with acute signs and 
severe neurologic deficits (e.g., fracture/luxation, acute in¬ 
tervertebral disk extrusion, neoplasia) should have surgery 
as quickly as possible, whereas those with chronic signs (e.g., 
congenital lumbosacral stenosis, diskospondylitis, vertebral 
osteomyelitis, chronic degenerative disk disease) should be 
carefully evaluated and staged before medical or surgical 
treatment. Steroids are generally not administered because 
their efficacy in nerve root injury is uncertain. 




*' Os 




DEFINITIONS 


Dorsal laminectomy of the lumbosacral spine is removal of 
dorsal spinous processes, lamina, pedicles, and articular 
facets of L7 and SI, 52, and/or 53. Hemilaminectomy is re¬ 
in ova] of lamina 

tectomy is removal of articular facets, either unilaterally 
(hemilaminectomy) or bilaterally (dorsal laminectomy), to 
increase exp os ti re t o t he s p in a 1 ca n a! a nd in ter ve r t eb r a l fora - 
men. Cauda equina refers to the nerve roots that course 
through the lumbosacral spinal canal (e.g., h?, 51-S3, and 
Gd L-Cd5). Dyesthcsia is the sensation of burning or tin¬ 
gling in areas supplied by entrapped nerve roots. 


and pedicles on the right or left side. Face 


ANESTHETIC CONSIDERATIONS 


Suggested anesthetic protocols used in patients with spinal 
disorders are given on p. 1213. 


PREOPERATIVE CONCERNS 


ANTIBIOTICS 


Traumatized patients (e.g., victims of automobile accidents) 
should receive intravenous fluids and be secured to a rigid 
platform until fracture s/luxations are stabilized. Careful 
physical examination should rule out concurrent trauma to 


Criteria for use of prophylactic or therapeutic antibiotics 
are given in fable 39-4 on p. 1214. Selection of an appropri¬ 
ate antibiotic and dose is determined by criteria given in 


TABLE 41-1 


Anatomic Variation of L7 and SI and Its Surgical Significance 


ANATOMY 


SURGICAL SIGNIFICANCE 


VERTEBRAE 


Has distinct outer cortical, medullary, and inner cortical 
layers 

Outer cortical, medullary, and inner cortical layers ore 
not distinct 

Positioning in slight ventral flexion results in significant 
widening of the interarcuate space during surgery 
Allows limited exposure of the cauda equina prior to 

nerve roots course through the L7-51 spinal canal 
Makes foramenotomy and facetectomy difficult to perform 
No intervertebral disk spaces; nerve 
separate dorsal and ventral foramina 


Thick dorsal lamina compared to 51 
Thin dorsal lamina compared to L7 

Most mobile joint in the thoracolumbar 

spine 

Large interarcuate space 

Spinal cord terminates at L5-L6 
Close association with wings of the ilium 
Sacral vertebrae 


17 


SI 


L7-S1 articulation 


roots exit through 


51,2,3 
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SURGICAL ANATOMY 


rhe dorsal laminar thickness of L7 and SI varies greatly; 
L7 is two to three times thicker than SI, 


The lumbosacral spine is unique in its anatomic con fig u ra¬ 
tion from vertebra to vertebra, particularly L7 and SL The 
anatomic variations and surgical significance of each are 
listed in Table 41-1. 


Ca re fully drill fh ro ugh the inner corti cal layer until i t becomes 
soft. Detailed illustrations of each drilled layer are given on p. 

1271 and in Fig . 40-7 on p. 1272. Penetrate and remove the 

inner periosteum with a dental or iris spatula until the entire 
laminectomy site is exposed Structures presen/ include nerve 
roots of L7, SI , S2, 53, and caudal nerve roofs , vertebra! ve¬ 
nous sinus f dorsal longitudinal ligament t and dorsal annulus 
fibroses. If the 17 or SI nerve roots appear to be compressed 
within the foramen or by enlarged facetsperform a facetec¬ 
tomy and/or foramenotomy respectively to establish com¬ 
plete nerve root decompression. Using a high-speed drill, re¬ 
move the cranial articular process of SI and caudal articular 
process of 17, Use the drill to approach the intervertebral 
foramen and Lempert rongeurs to enter the foramen by re¬ 
moving any remaining articular facet 


SURGICAL TECHNIQUES 


Positioning is critical in patients with lumbosacral disorders. 
Animals with lumbosacral stenosis (cauda equina syndrome) 
should be positioned with the hind legs tucked under the ab- 
d o me n, thus stretching the i n te ra rcu ate 1 i ga m e nt (als o cal led 
the ligament uni flavum, yellow ligament) and accentuating 
the dorsal lumbosacral space (Fig. 41-1). This facilitates ex¬ 
posure for dorsal laminectomy and hemilaminectomy and 
may decompress the cauda equina. Patients with lumbosacral 
ffacture/hixation should be positioned to encourage frac¬ 
ture/! uxation reduction. Generally, this is accomplished by 
positioning the patient as illustrated in Fig. 41-1. 

Patients with surgical lumbosacral disorders are treated 
by dorsal laminectomy, hemilaminectomy, facetectomy, or 
dorsal lumbosacral spinal stabilization. Dorsal laminectomy 
is most commonly used for decompressing lumbosacral 
stenosis (cauda equina syndrome) and exposing and remov¬ 
ing herniated disk material, fracture fragments, neoplasms, 
or paraspinal abscesses at L6-L7 or L7-SI. Unilateral or bi¬ 
lateral facetectomy is performed with laminectomy, if the 
compressive lesion is located laterally. Hemilaminectomy is 
most commonly used to expose extradural or intradural- 

extramedullary lesions involving L6-L7. 


This exposure allows visualization of the intervertebral 
foramen and exiting L7 nerve root 


Lavage the surgical site with warm saline. Harvest a free sub¬ 
cutaneous fat graft and position it over the laminectomy site. 
Close epaxial muscles with interrupted , monofilament , nonoi- 
sorbable suture. Close subcutaneous tissues and skin routinely 

Supraspinous ligament 


Inarcuate ligament 


Dorsal laminectomy 

Position the patient in sternal recumbency (see Fig . 41-1}. 
Make a dorsal midline incision from the dorsal spinous process 
of L6 to the first caudal vertebra. Incise the superficial and deep 
sacral fascia parallel to the skin incision. Using a periosteal el¬ 
evator or small osteotome , elevate epaxial muscles from their 
attachments on dorsal spinous processes, lamina, articular 
facets , pedicles , and accessory processes of 17-S3. Remove the 
dorsal spinous pracess of 17 and S1 with rongeurs . Identify the 
wide interarcuate space of 17-5I; carefully incise and remove 
associated soft-tissue structures remaining muscle attach¬ 
ments, interarcuate ligament) with a No, 11 scalpel blade. Use 

o high-speed pneumatic or electric drill to remove the outer 
cortical and softer medullary layer and identify the inner corti¬ 
cal layer from midbody of 17 to midbody of 52-53 (Fig. 41 -2). 


Spinal 
ganglion 


a. 


f 


■" u 


FIG 41-2 


FIG 41-1 

Positioning patients with the hind legs tucked under the 
abdomen helps accentuate the 17-51 interarcuate space. 


L7-S1,2 dorsal laminectomy provides exposure of the filum 
terminal© and cauda equina. 
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Hemilaminectomy 

Hemilaminectomy and facetectomy are indicated for expo¬ 
sure of the lateral aspects of the lumbosacral spinal canal It 
is used to remove compressive lesions such as neoplasms, 
fracture fragments, herniated intervertebral disk material, 
bulbous articular facets, or para spinal abscesses. 


from denervated end-organs. Peripheral nerves sustaining 
mild injury that causes neurapraxia develop transient physio¬ 
logic dysfunction without anatomic disruption of axons. The 
nerve regains normal function within 3 months or less (pe¬ 
ripheral nerve regeneration occurs at 3 cm per month or ap¬ 
proximately ! mm per day). Peripheral nerves sustaining in¬ 
jury sufficient to cause axonotmesis or neurotmesis undergo 
immedia te degeneration at the site of injury. Degeneration to¬ 
ward the cell body over a distance of two to three nodes of Ran- 
vier generally occurs, and regeneration begins from that site. 
Nerve processes distal to the injury degenerate completely 
(Wallerian degeneration), and after I week a connective tissue 

framework called the neurilemma! sheath is left. Within 2 days, 
"sprouting” of the proximal end of the severed axon occurs. 
Neuron regeneration and return of function depend on several 
factors. If continuity of the nerve is maintained (axonotmesis), 
the distance from injury site to end-organ becomes the most 
important variable. Little function will be achieved if the dis¬ 
tance is more than 25 to 30 cm; the best chance for functional 
regeneration is a distance of less than 10 to 15 cm. If anatomic 

nerve continuity is not maintained (neurotmesis}, recovery de¬ 
pends on the distance from the injury to the end-organ, 
wounding mechanism, time between injury and surgical re¬ 
pair, patients age and condition, and the surgical technique. 

Clean, sharp lacerations generally heal better than avulsion, 
crush, open, or chronic injuries. The earlier a nerve is repaired 
(see p. 1347) the better the chance for healing, reinnervation, 
and normal function of the end-organ. Young, well-nourished, 
healthy patients usually have faster nerve regeneration. 
Anatomic alignment of nerve ends and attention to surgical 
detail ensure that regenerating axons will find their way along 
the neurilemma! tube to the end-organ, producing functional 
recovery (see also Chapter 43). 


NOTE • Proper technique for controlling venous si¬ 
nus hemorrhage is discussed in Table 39-1. 


Position the patient as 
4Mj. Moke 

spinous process of 16 to the first caudal vertebra , and continue 
it through the dorsal sacra/ fascia. Elevate epaxial muscles 

from the right or left lateral a spec t of the dorsal spinous 
process , lamina , articular facet, pedicle, and accessory 
process of the L7S1 intervertebral space. Visualize the dorsal 
aspect of the transverse process of 17. Use a high-speed drill 
to remove lamina, articular facet, and pedicle to the level o f the 
accessory process . identify' outer cortical, medullary, and inner 

cortical layers while drilling (see p. 1271 and Fig , 40-7 on 
p. 1272). Carefully break through the inner periosteal layer 
with rongeurs and a dental or iris spatula to enter the spinal 
canal . Identify the vertebra! venous sinus located on the floor 
of the spinal canal. Be careful not to lacerate the sinus while 
manipulating lesions within the spinal canal. After complete 
decompression and mass removal lavage the surgical site with 
warm saline. Harvest a free subcutaneous fat graft and posi¬ 
tion it over the laminectomy site. Close epaxial muscles to the 
dorsal sacra/ fascia with interrupted, monofilament , nonab¬ 
sorbable suture. Close subcutaneous tissues and skin routinely 

Spinal Stabilization 

Lumbosacral spinal stabilization is a technique that stabilizes 
a lumbosacral fracture, luxation, or a congenital or acquired 

stenosis causing spinal instability (see p. 1313). Spinal stabi- 
Lization can be successfully accomplished by various tech¬ 
niques, including transilial pins, transilial pins and plastic 
dorsal spinous process plates, Steinmann pins and methyl¬ 
methacrylate bone cement, a combination of external skele¬ 
tal fixation and dorsal spinous process plates, and modified 
segmental spinal fixation. 


for dorsal laminectomy (see Fig. 
a dorsal midline skin incision from the dorsal 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Special instrumentation necessary to perform dorsal 
laminectomy, hemilaminectomy, facetectomy, and spinal 
stabilization is listed by technique in Table 40-2 on p. 1277. 
it is important to practice each technique, become familiar 
with regional anatomy, and learn proper use of special in¬ 
strumentation before performing these surgeries. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


HEALING OF THE CAUDA EQUINA 


Critical postoperative care for the first 24 hours typically in¬ 
cludes intravenous fluids, analgesics, antibiotics, seizure alert 
(i f wo rk u p req u i red a mye 1 o gra m), a n d n eu ro logic ex a m ina- 
tions. Specific care requirements are similar to patients with 
thoracolumbar spinal disorders. Immediate and long-term 
postoperative care and assessment for ambulatory and non- 
ambulatory patients are given in Tables 40-3 and 40-4 on 
p. 1277 and p. 1278. 


Nerve roots of the cauda equina respond to injury in a sim¬ 
ilar fashion as peripheral nerves. Healing of peripheral nerves 
depends on the extent of injury (e.g., neurotmesis, ax¬ 
onotmesis, or neurapraxia). Neurotmesis occurs if the entire 
peripheral nerve with all its bundles of fibers is severed or rup¬ 
tured with a gap between severed nerve ends. Axonotmesis oc¬ 
curs if some axons in the nerve are ruptured hut anatomic con¬ 
tinuity is maintained. Neurapraxia is an acute transient 
physiologic dysfunction of a peripheral nerve after trauma; 
nerve conduction is blocked, but degeneration does not occur. 
Lull return of function is expected. 

Regrowth of axons is spontaneous, but the time until return 
of function depends on the extent of injury and the distance 


COMPLICATIONS 


Complications associated with lumbosacral spinal surgery 
are uncommon. Seroma of the surgical site may occur, but 
it is generally resolved with intermittent or continuous 
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drainage. Bladder function is often impaired* and urinary 
tract infection (UT1) commonly occurs. Empty the bladder 
manually four times daily until normal function returns. If 
dorsa11 am i n ecto my is per formed, excessive remova 1 of lam¬ 
ina, articular facets, and pedicles bilaterally could predispose 
the patient to muscle fibrosis and contracture over the spinal 
cord and nerve roots* causing compression; however, this 
rarely occurs. Spinal instability has not been observed, even 
when multilevel exposure is indicated (e,g., L6 to S3), If a 
spinal stabilization technique is used, complications are gen- 
eraliy associated with the specific technique. Patients under¬ 
going hemilaminectomy rarely have significant complica¬ 
tions. Iatrogenic nerve root trauma may occur, but nerve 
roots can tolerate careful surgical manipulation without de¬ 
veloping clinically significant neural deficits. 


TABLE 41-2 


Causes of Cauda Equina Syn d ro m e 


Acquired 

Vertebral fracture or luxation 
Diskospondylitis 
Vertebral osteomyelitis 

Chrontc IVD disease 
Acute IVO extrusion 
Fibrocartilaginous emboli 

Neoplasia of the L7-S1 vertebra, surrounding soft tissues, 

or nerve roots 

Congenital 

Transitional vertebra 
Congenital spinal canal stenosis 
Breed influenced spinal canal stenosis 
Developmental sacral osteochondrosis 


SPECIAL AGE CONSIDERATIONS 


Care should be taken when performing laminectomy proce¬ 
dures on young patients, because their cortical and cancel¬ 
lous bone is much softer than in older patients. Less pressure 
is required when drilling or rongeuring lamina and pedicles 
in younger patients, and a greater flexibility of the lum¬ 
bosacral junction allows increased accentuation of the dor¬ 
sal lumbosacral space during positioning. 


i 


i 
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DEFINITIONS 


Cauda equina syndrome is a complex of neurologic signs 
caused by compression of the nerve roots (Le., cauda 
equina) coursing through the lumbosacral spinal canal. 
Transitional vertebrae are vertebrae that possess properties 
of lumbar and sacral vertebrae. 
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GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


I 








l| 


Cauda equina syndrome is relatively common and can be 
categorized as acquired (degenerative) or congenital (devel¬ 
opmental). Potential causes are listed in Table 41-2. The re¬ 
spective nerve roots involved are L7, S1-S3, and Cdl-Cd5 


FIG 41-3 

Anatomic relationship of vertebral bodies to spinal cord 

termination and cauda 


(Fig. 41-3). 
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tion and severity of the lesion. Other historical findings may 
include scuffing hindlimb toenails, difficulty climbing stairs, 
a reluctance to jump or sit up on hind legs, urinary or fecal 
incontinence, abnormal tail carriage, hindlimb muscle atro- 
p hy, and exces s i ve c h ew ing on th e t ai 1 an d / o r lateral a spec t o f 
the hind feet. Greater than 50% of affected dogs are consid¬ 
ered to be very active, partaking in obedience competition, 
hunting, or military, police, or security work. 

Physical Examination Findings 

General physical examination findings vary depending on 
the cause of cauda equina compression. Patients with frac¬ 
ture/luxation may present with associated life-threatening 
injuries (e.g + , cardiopulmonary, urinary) and signs associ¬ 
ated with shock ( weak peripheral pulses, tachycardia, pro¬ 
longed capillary refill time, pale mucous membranes), 
and/or dyspnea. Patients with infectious causes may have 
fever and depression; sepsis is unusual. Those with neoplasia 
may present with systemic signs associated with secondary 
effects of the tumor (e.g., paraneoplastic syndrome). Ani¬ 
mals with congenital stenosis, chronic degenerative disk dis¬ 
ease, or acute disk herniation may have signs that mimic 
other nonneurologic disorders, including: musculoskeletal 
disorders (hip dysplasia, chronic stifle instability, poly¬ 
arthritis); vascular disorders (iliac thrombosis); peripheral 
neuropathy or myopathy; metabolic disorders causing gen¬ 
eralized weakness; primary urogenital tract disease (inconti¬ 
nence, UTI); primary rectal or anal disorders (anal sacculi- 
tis, anorectal neoplasia); or distemper radiculopathy. 

Neurologic examination findings are related to ischemia 
and/or compression of nerve roots coursing through the 
lumbosacral junction (i.e., L7, S1-S2, and Cdl-CdS). Pain is 


The cauda equina is the termination or most caudal por¬ 
tion of the spinal cord and adjacent spinal roots. The filum 
terminate (caudal end of the spinal cord} in dogs is generally 
located at L6; however, this depends on the animal’s size (the 
filum terminaie in cats and dogs under 7 kg may be L7-51). 
Vertebral bodies that contain the cauda equina are L5-L7, 
SI-S3, and Cdl-CdS. Bony and ligamentous boundaries ol 

the cauda equina are: dorsal ly (lamina, inter arcuate liga¬ 
ment, a n d art! cular fa ceis); la t e rally (ped i cl es); and ven trail v 
(dorsal longitudinal ligament, vertebral venous sinus, dorsal 
annulus fibrosus, and vertebral body). Congenital or ac¬ 
quired defects causing abnormalities in the skeletal or soft- 
tissue boundaries may produce cauda equina compression 
and cauda equina syndrome. 

DIAGNOSIS 

Clinical Presentation 

Signalment, Although there is no breed predilection for 
congenital cauda equina stenosis, acquired cauda equina 
syndrome is most commonly diagnosed in large-breed dogs 
(mean body weight 35 kg) with German shepherd dogs be¬ 
ing overrepresented. Males are more often affected than fe¬ 
males (2:1). Most dogs are middle age when clinical signs of 
acquired or congenital cauda equina become apparent; even 
congenital stenosis often causes clinical signs later in life. 

History. Dogs with cauda equina syndrome typically 
present with a chronic history of back pain and hindlimb 
lameness, with or without hindlimb weakness. Back pain 
is due to attenuation of nerve roots, and lameness is either 
due to pain originating from nerve root entrapment/ 
c o m p re ss ion, n eu ro 1 o gic d c fid ts seco \ i da ry to cauda eq u i n a 
compression, or both. The severity of signs depends on loca¬ 


TABLE 41-3 


Neurologic Deficits Possible with Cauda Equina Compression 


NERVE ROOTS 
INVOLVED 


NEUROLOGIC EXAM FINDINGS POSSIBLE 


NERVE INVOLVED 


Bock pain with or without any of the findings below 

Sensory: loss of sensation on lateral digit; licking and chewing of lateral digit; 

knuckling 

Motor: decreased withdrawal reflex, especially hock flexion; hindlimb atrophy; 
motor weakness 

Sensory: decreased sensation to perineum and caudal thigh; licking perineum 
Motor: decreased to absent anal sphincter tone on rectal exam 
Parasympathetic: loss of bladder control 
Motor: varying degrees of urinary incontinence 

Sensory: decreased sensation to the tail; pain upon tail manipulation; excessive 
tail linking 

Motor: change in toil carriage and tail wag 
Sensory: no change expected 

Motor: patellar reflex appears brisk due to absence of sciatic innervated antag¬ 
onist muscles 


L6, U t SI-3, Cdl-5 
L6, 17, 31, +/ 


Cauda equina* 
Sciatic nerve 


$2 


51, S2, S3 

52, S3 
SI, S2, S3 
SI, $2, S3 

Cdl -5 


Perineal nerve 
Caudal rectal nerve 
Pelvic nerve 
Pudendal nerve 
Caudal nerves 


L4, L5, L6 


Femoral nervet 


logic abnormalities involving cauda equina ischemia and/or compression are LMN, 

|Although the Femoral nerve is not supplied by nerve roots of the cauda equina, when the patellar reflex is performed, it appears brisk [UMN|, 
this is due to loss of antagonist muscles innervated by sciatic nerve and is not an UMN sign. 


* All 


neuro 
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tious cauda equina compression (e.g., diskospondylitis, ver¬ 
tebral osteomyelitis) may have osteolysis and/or osteopro- 
duct ion of the vertebral body intervertebral space, or both 

(see Fig, 44-1 on p, 1362); 

The process of imaging the lumbosacral spine to diag¬ 
nose cauda equina compression secondary to chronic de¬ 
generative disk disease, intervertebral disk extrusion, or con¬ 
genital lumbosacral stenosis is often a challenge. Factors 
influencing the ability to accurately image the L7-S1 junc¬ 
tion are listed in Table 41-5, Imaging techniques must be 
evaluated in light of historical and neurologic examination 
findings. Commonly performed imaging procedures include 
survey radiography stress radiography myelography 
diskography, and epidurography. Results depend on the 
cause of compression (i.e., chronic degenerative disk disease, 
intervertebral disk extrusion, or congenital lumbosacral 
stenosis) and are listed in Table 41-6, Techniques lor per¬ 
forming these procedures are discussed and illustrated in 
Figs, 38-11 to 38-20 on pp, 1205-1210. Intraosseous venog¬ 
raphy is technically demanding and results are inconsistent; 
thus the technique is not recommended by the author. 

Computed tomography (CT) and magnetic resonance 
imaging (MRI) are the techniques of choice to definitively 
diagnose cauda equina stenosis caused by chronic degenera¬ 
tive disk disease, intervertebral disk extrusion, and/or con¬ 
genital lumbosacral stenosis (see Fig. 38-21 on p, 1210). Al¬ 
though these imaging modalities are not available in many 


generally due to nerve root ischemia; paresis is from pro¬ 
gressive nerve root ischemia and attenuation. Neurologic 
signs vary depending on cause and severity of compression, 
and may be acute or chronic, intermittent or persistent, 
static or progressive ( Table 41-3), The most common neuro¬ 
logic abnormality is lumbosacral hyperpathia (i.e., pain on 
deep palpation of the lumbosacral junction ). Back pain may 
be accentuated by hyperextension of hindlimbs or tail dur¬ 
ing lumbosacral manipulation. Unilateral or bilateral pelvic 
limb lameness due to referred pain from attenuation of the 
L7 and/or SI nerve root is common. This finding often pro¬ 
gresses to loss of conscious proprioception* development ot 
motor weakness, and hind limb atrophy as nerve mot is¬ 
chemia and compression increase. Patellar reflexes may be 

normal or exaggerated due to loss of antagonism from sci- 

■ 

atic innervation (i.e., attenuation of L7, SI-2 nerve roots). 


This should not be misinterpreted as an upper motor ncu- 

(UMN) sign. Urinary and anal sphincter disturbances 


ron 

may accompany back pain and paraparesis when S2 and S3 
nerve roots become compressed. Patients rarely present with 
sphincter disturbances alone. Initial presenting signs of uri¬ 
nary sphincter disturbance may resemble chronic UTI (e.g., 
increased urgency frequent urination). As nerve root com¬ 
pression progresses, urinary incontinence (i.e., dribbling) 
becomes evident. Generally, clinically apparent anal sphinc¬ 
ter dysfunction occurs after urinary sphincter dysfunction, 
and is manifested by fecal incontinence and anal sphincter 
hypotonia or atonia on rectal examination. The degree ot 
sphincteric incontinence may be a prognostic indicator; as 
incontinence increases, the prognosis becomes more unfa- 
vorable, fail carriage or function may be affected as the cau¬ 
dal nerve roots are affected. Abnormalities may include the 
following: (1) breeds with an erect tail will carry it in a lower 
position; (2) ability to wag the tail is decreased or absent; (3) 
tail manipulation results in pain (e.g., hyperextension); and 
(4) there is loss of tail sensation. Paresthesia and dysesthesia 
(burning or tingling sensations in areas supplied by en¬ 
trapped nerve roots) may occur in the tail, lateral digits, per¬ 
ineum, or genitals and are manifested by the patient's con¬ 
stant licking and chewing of the affected area. Paresthesias 
and dysesthesias usually occur in the tail and lateral digits. 


TABLE 41-4 


Potential Radiographic Findings in Dogs with Cauda 
Equina Syndrome Associated with Fracture/Luxation 


Discontinuity of bony structures (i.e., spinous process, lam¬ 
ina, pedicle, vertebral body) 

Malalignment of intervertebral space and/or articular 
fa c ets 

Fracture lines in the vertebral body and/or spinous 

processes of L7, S1 -3 

loss of continuity or malalignment of the spinal canal 
Combination of above 


NOTE • Exaggerated patellar reflexes may be 
It of loss of antagonism from sciatic innervation 

(he., attenuation of L7, S1-S2 nerve roots), not an 
UMN lesion. 


TABLE 41-5 


su 


Factors Influencing Ability to Accurately Image 
the L7-S1 Junction 


Superimposed density of the wings of the ilium obscuring 
[7-51 intervertebral foramen, intevertebral space, and 
vertebral bodies 

Inconsistent termination of the dural sac [i.e., Filum termt- 
nale) 

Exclusively soft-tissue changes not evident on many imag¬ 
ing procedures 

Technical difficulty of performing specific imaging proce¬ 
dures (e.g., intraosseous venography, diskography) 
Cost of special imaging techniques (e.g., CT scan, MRI) 
Inconsistent findings (i.e,, false negative results) 

Difficulty in interpretation of findings 


Radiography/Ultra sonography 

Specific imaging techniques used to diagnose cauda equina 
syndrome vary depending on the cause of cauda equina 
compression. Patients with fracture/luxation may have sur¬ 
vey radiographic findings listed in Table 41-4 (see Fig. 41-5 
p. 1312). Those with neoplasia of the lumbosacral spine, 
surrounding soil tissue, or nerve roots have survey radi¬ 
ographic and myelographic signs dependent on tumor 
location (e.g 

medullary) (see Fig. 41-11 


on 


extradural, intradural- extra medullary, intra- 

on p. 1319). Patients with infec- 
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TABLE 41-6 


Results ol Various Imaging Techniques based on 


Etiologic Factors of Cauda Equina Compression 


ETIOLOGY 


IMAGING TECHNIQUE 


POSSIBLE FINDINGS 


Chronic degenerative disk Survey radiographs 
disease (ODD)* 

Stress radiographs 


Transitional vertebraef; varying degrees or spondylosis^; may 
be normal 

Perform flexion and extension; combine with epidurography: 

Extension: spinal canal diameter reduces, contrast is 
obliterated 

Flexion: spinal canal opens, contrast fills previous 
compression 
May be normal 

Usually normal; extradural compression may be seen if lesion i 

large and filum terminole reaches far enough caudally; rules 
out lesion cranial to L6 

Irregular contrast pattern within the 


Myelography 


Diskography 


nucleus pulposus; can inject 
greater than 0,1 ml volume of contrast medium; may be non 

mal (i.e., cannot inject greater than 0. ] ml, smooth contrast 
pattern) 

Contrast flow is stopped or elevated at L7-L1 interspace, com¬ 
bine with stress positioning; may be normal (ie., contrast 
flows unobstructed alona floor of canal at L7-S1) 

Bone spurs; spondylosis^ loss of epidural fat; disk buldging; the¬ 
cal sac displacement; vertebral canal stenosis 
Attenuation of epidural fat; disk buldging; loss of signal intensity 
at disk space (indicative of severe disk degeneration); spinal 
stenosis; location of compressive tissue; vertebral subluxation 

Normal; may see fogged L7-51 intervertebral foramen; early 
spondylosis^: 

Normal 

Normal; if disk fragments are large, extradural compression; 

rules out lesion cranial to L6 
Extravasation of contrast medium; 

ml volume of contrast medium 
Contrast flow is stopped or elevated at L7-LI interspace 
Loss of epidural fat; disk buldging; thecal sac displacement 

tebral canal stenosis 

Attenuation of epidural fat; disk buldging; loss of signal intensify 
at disk space (indicative of severe disk degeneration); spinal 
stenosis; location of compressive tissue; vertebral subluxation 

Narrow canal diameter; transitional vertebral; enlarged articu¬ 
lar facets; rarely see signs consistent with DDD 
Normal early; may see signs consistent with ODD later; com¬ 
bine with epidurography 

Normal; may see signs consistent with DDD later; rules out le¬ 
sion cranial to L6 

Normal early; may see signs consistent with DDD later 
Normal early; contrast flow is stopped or elevated at L7-L1 inter¬ 
space; combine with stress positioning 
Vertebral canal stenosis; vertebral subluxation 

Attenuation of epidural fat; spinal stenosis; location of compres¬ 
sive tissue; vertebral subluxotion 


Epidurography 




Computed tomography 

Magnetic resonance imaging 


Acute intervertebral 
disk extrusion* 


Survey radiographs 

Stress radiographs 
Myelography 

Diskography 

Epidurography 
Computed tomography 

Magnetic resonance imaging 


inject greater than 0.1 


can 


; v er- 


Congenital stenosis* 


Survey radiographs 

Stress radiographs 

Myelography 

Diskography 

Epidurography 

Computed tomography 
Magnetic resonance imaging 




* Neurologic examination is the interpretation of results of imaging procedures that must be performed in light of historic, physical, and 
neurologic examination findings. 

Transitional vertebrae ore vertebrae that possess properties of two major divisions of the vertebral column. Lumbosacral anomalies in¬ 
clude the following: [1 ] sacralization of L7 (L7 becomes fused, unilaterally or bilaterally, to the sacrum]; (2) lumbarization of SI (SI becomes < 
lumbar vertebra and S2 is fused to the sacrum] and Cdl may become fused to S3. 

|Spondylosis is characterized by any combination of the following survey radiographic signs: collapse of the intervertebral space, sclerosis 

of vertebral endplates; ventral and lateral proliferation of bony spurs from the vertebral body in an attempt to bridge the intervertebral space 
(ankylosis], degeneration and collapse of the articular facets. 























Chapter 41 Surgery of the Lumbosacral Spine 1309 


SURGICAL TREATMENT 


veterinary practices, patients suspected ot having can da 
equina compression should he referred to a facility capable 
of performing them. Results of imaging techniques consis¬ 
tent with cauda equina compression are listed in Table 41-6. 

Electromyography, particularly of the tail base, pelvic di¬ 
aphragm, and muscles of sciatic distribution, can reveal 
spontaneous electrical activity indicative of lower motor 

(LMN) disease. Electrodiagnostic findings, coupled 


Surgical objectives include nerve root decompression and 
vertebral stabilization. Specific surgical procedures for pa¬ 
tients with cauda equina compression depend on the cause. 
Treatment for patients with fracture/luxation is described 
on p. 1313; diskospondylitis or vertebral osteomyelitis on 
p, 1363; and neoplasia of the spine, surrounding soft tissue, 
or nerve roots on p, 1320. The surgical treatment of patients 
with cauda equina compression secondary to chronic degen¬ 
erative disk disease, intervertebral disk extrusion, and con¬ 
genital lumbosacral stenosis is based on severity and dura¬ 
tion of neurologic signs (see Table 41-7); outcome ol 
medical management (see table 41-8); results of imaging 
(see fable 41-6); EMG findings; and serial neurologic exam¬ 
inations (see Table 41-7). 


n eu ro n 

ith typical historical, neurologic, and imaging results may 
support a diagnosis of cauda equina compression. 


w 


Laboratory Findings 

fab oratory findings are generally nonspecific. Patients with 
cauda equina compression secondary to an infection may 
have leukocytosis, with or without left shift. Patients previ¬ 
ously treated with corticosteroids may have a stress leuko- 
gram and elevated hepatic enzymes. 


Preoperative Management 

Preoperative management of patients with cauda equina 
compression is similar to that described for patients with 
other lumbosacral compressive lesions (see p. 1302). Preop¬ 
erative steroids are not recommended because they do not 
protect nerve roots. 

Anesthesia 

Suggested anesthetic protocols tor use in patients with lum¬ 
bosacral spinal disorders are discussed on p. 1213. 

Surgical Anatomy 

K n o wled ge o f to p o g rap hie anatomy of f h e ca u d a eq u i n a and 
its relationship to lumbar, sacral, and caudal vertebrae will 
facilitate an understanding of possible neurologic findings in 
patients with cauda equina compression, as well as the sur¬ 
gical manipulation necessary for decompression (see Fig. 
41-3). Dorsal lamina, articular facets and joint capsule, 
spinal canal diameter, dorsal annulus fibrosus, interarcuate 
ligament, and dorsal longitudinal ligament are all points of 
anatomy that may play a role in cauda equina compression. 

Positioning 

Because patients are generally treated via laminectomy, they 
should be positioned in sternal recumbency with the hind 
legs tucked under the abdomen to encourage flexion and fa¬ 
cilitate exposure of the dorsal lumbosacral intervertebral 
space (see Fig. 41-1). 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses for cauda equina compression include 
fracture/luxation; diskospondylitis; vertebral osteomyelitis; fi¬ 
brocartilaginous emboli; neoplasia of the spine, surrounding 
soft tissue, or nerve roots; chronic degenerative disk disease; 
herniated intervertebral disk extrusion; or congenital lum¬ 
bosacral stenosis. Disorders not associated with the lum¬ 
bosacral junction that mimic cauda equina syndrome include 
hip dysplasia, metabolic disorders causing weakness, and de¬ 
generative myelopathy. Diagnostic tools include careful histor¬ 
ical, physical, and neurologic examinations, laboratory data, 
multiple imaging procedures, and electrodiagnostics. Surgical 
exploration may be necessary for a definitive diagnosis. 


MEDICAL MANAGEMENT 


Medical management of patients with cauda equina com¬ 
pression depends on etioiogic factors. The treatment for pa¬ 
tients with fracture/luxation is described on p. 1313; for 
diskospondylitis or vertebral osteomyelitis on p. 1363; and 
for neoplasia of the spine, surrounding soft tissue, or nerve 

roots on p. 1320. 

Medical management of patients with cauda equina com- 
pression secondary to chronic degenerative disk disease, in¬ 
tervertebral disk extrusion, and congenital lumbosacral 
stenosis is based on severity and duration of neurologic signs, 
as well as serial neurologic examinations (Table 41-7). Med¬ 
ical management consists of strict confinement tor 4 to 6 
weeks and nonsteroidal anti inflammatory drug (NSAID) 
therapy (Table 41-8). Steroids are of little benefit to patients 
with nerve root injury. If NSAID therapy is indicated in the 
first course of therapy, one of the treatment schedules in 
Table 41-8 may be tried. NSAlDs may cause serious gastroin¬ 
testinal side effects; treatment regimens are described in 
Table 39-12 on p. 1234. Potential side effects of aspirin use are 
platelet function abnormalities and gastric irritation/ 
ulceration. Bone marrow suppression and gastric irritation/ul¬ 
ceration may occur with phenylbutazoneFFlimixm meglumine 
causes gastric irritation/ulceration and prolonged treatment 
(more than 2 days} may cause gastric ulceration/perforation. 


SURGICAL TECHNIQUES 


Surgical techniques for dorsal laminectomy, hemilaminec¬ 
tomy, facetectomy, and foramenotomy are described on 
pp. 1303-1304, 


Chronic Degenerative Disk Disease 

Patients diagnosed with chronic degenerative disk disease 
require enough exposure of the spinal canal to decompress 
all attenuated nerve roots. Depending on neurologic exami¬ 
nation findings and results of imaging, adequate decompres¬ 
sion involves dorsal laminectomy, with or without tora- 
menotomy and facetectomy. 
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i TABLE 41-7 




Recommended Therapy ■ for Patients with Cauda Equina Compression (Le„ Chronic Degenerative Disk Disease, 
Intervertebral Disk Herniation, Congenital Lumbosacral Stenosis, Lumbosacral Fracture/Luxation, or 
Diskospondy 1 itis/Vertebral Osteomyelitis!) Based on Clinical Presentation 


SECOND 

TREATMENTS 


THIRD 

TREATMENTS 


INITIAL TREATMENTS 


RESULT 


RESULT 


Bock pain only/ with or without 
paresthesia or dysesthesia 

Cage rest only 

Back pain; mild paraparesis; 
no urinary incontinence 


Follow 

Consider surgery 


Improvement 

Static 

Deteriorating 


Continue cage rest 

NSAIDst 

Consider surgery^ 


Improvement 

Static/deteriorating 




Cage rest/follow 
Consider surgery 


Cage rest/NS Al Ds 


Improvement 

Static 

Deteriorating 


Improvement 
Static/deteriorating 


NSAIDs 


Continue NSAIDs 


Consider surgery 


Back pain; mild paraparesis; 
early urinary incontinence 


Cage rest/follow 


Cage rest/NSAIDs 
Consider surgery 

Consider surgery 


Improvement 

Static 

Deteriorating 


Improvement 


NSAIDs 


Back pain; moderate paraparesis; 
no urinary incontinence 


Cage rest/NSAiDs 

Consider surgery 

surgery 


Cage rest/follow 


Improvement 

Static 

Deteriorating 


Improvement 


NSAIDs 


Consider 


Back pain; 
no urinary incontinence 

Consider surgery 

Back pain; moderate ar severe 
paraparesis; urinary incontinence 

Consider surgery 


paraparesis; 


* All patients 

t Patients suspected of having L7-S1 diskospondylitis or 

39-6], 

! NSAIDs 

§ Initial treatment may be the first 24 to 48 hours or 3 to 5 days depending upon 
treatments are also dependent upon neurologic status. 

^Regardless of clinical presentation, if □ client cannot afford surgery, 


strictly confined (4 to 6 weeks] 


part of their medical management regardless of the drug used or duration of drug therapy 
vertebral osteomyelitis should also be treated with antimicrobials (see Tables 39-5 and 

listed in Table 41-8. 

results of serial neurologic examinations. Second and third 
course of cage rest and NSAID therapy should be attempted 


are 


as 


steroidal anti-inflammatory drugs; specific drugs, dosages, and duration of therapy 


non 


Perform a dorsal laminectomy on patients with dorsal com- 
press Ian from lamina and intern rotate ligament, Use a No. 
1 1 scalpel blade and ophthalmic forceps to carefully resect 

the ligament, in patients with lateral compression, perform a 
facetectomy to decompress the 17 and SI nerve roots from 
the bulbous articular facets. In patients requiring further lat¬ 
eral decompression of the 17 nerve root , perform a fara- 
menotomy to establish complete decompression, Perform 
unilateral or bilateral facetectomy/foramenotomy based on 
neurologic examination findings ; y resu/fs of imaging, and 
surgical findings. Approach nerve root compression from the 
ventral floor of the spinal canal (i.e. t protrusion of dorsal an¬ 
nulus fibre bus) through careful retraction of nerve roots, 
sharp annular incision, and mass removal (Fig. 4h4}> 


(pj TABLE 41-8 


Nonsteroidal Antiinflammatory Drugs (NSAIDs) 


Aspirin 


1 0 mg/kg PO, bid for 2 to 3 days 


Phenylbutazone (ButozoJidin) 


22 mg/kg PO, tid (not to exceed 800 mg/d ay) for 2 to 3 




days 


flunixin meglumine (Banamine) 




0,5-1,0 mg/kg IV, IM, or SC; do not give for more than 2 




days 


Patients may require all or a variety of the above decom¬ 
pressive techniques. Spinal stabilization is not indicated un¬ 
less spinal instability is documented (see p. 1305)* 


* Reevaluate patient with serial neurologic examinations; rf no re¬ 
sponse, continue the drug or consider alternate NSAID therapy or 
surgery. 
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SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Special instruments necessary for laminectomy of the him- 

■ 

bosacraJ junction are similar to those listed in Table 
40-2 on p. 1277. It is important to practice each technique* be¬ 
come familiar with regional anatomy, and learn proper use of 
special instrumentation prior to performing these surgeries. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Critical care observation for the first 24 postoperative hours 
includes intravenous fluids; analgesics; antibiotics; seizure 
alert (if the workup required a myelogram); and neurologic 
examination. A guide to immediate and long-term postoper¬ 
ative care and assessment for ambulatory and nonambulatory 
patients is given in Tables 40-3 and 40-4 on pp. 1277 and 1278. 


PROGNOSIS 


Prognosis for cauda equina compression depends on the eti- 
ologic factors, neurologic deficits on presentation, and treat¬ 
ment regimen chosen (Le., medical or surgical). The prog¬ 
nosis for medically managed patients with mild to moderate 
back pain, mild lameness, absent or mild paraparesis, and/or 
no urinary incontinence is favorable to excellent. Medically 
managed patients with severe back pain, moderate to severe 
lameness, moderate to severe paraparesis, and/or urinary in¬ 
continence is guarded to unfavorable. If patients with mild 
neurologic deficits show static or deteriorating signs or loss 
of urinary continence during medical management, early 
surgical decompression has a better prognosis. 

Generally, prognosis for surgically treated patients with 
acute back pain, mild to moderate lameness, mild to moder¬ 
ate paraparesis, and no urinary incontinence is favorable to 
excellent. Prognosis for patients with chronic back pain, se¬ 
vere lameness, severe paraparesis, and urinary incontinence 
is guarded to unfavorable. Regardless of other presenting 
signs, urinary incontinence implies an unfavorable progno¬ 
sis if decompression is delayed. 


FIG 41-4 

Retract nerve roots laterally with care to facilitate excision of 
hypertrophied dorsal annulus fibrosus. 


Acute Intervertebral Disk Herniation 

In patients with herniated intervertebral disk material [ 
form a dorsal laminectomy if disk fragments ore located 
the midline or bilaterally or a 

signs and imaging results lateral tze disk fragments to 
side Adequately expose the spinal canal to achie 
plete mass removal. 

Spina! stabilization is generally not indicated unless 
spinal instability is documented (see p. 1305), 

Congenital Lumbosacral Stenosis 

In patients with congenital lumbosacral stenosis, perform a 
dorsal laminectomy with unilateral or bilateral facetectomy 

neurologic signs , imaging results i, and surgical 
findings . If stenosis is radiographically 

strated extending from L6 to SI, perfo 

laminectomy and bilateral facetectomy from 16 to SL Re¬ 
move inferorcuate ligaments dorsally and facets laterally to 
provide complete decompression .. Place a free fat graft 
the entire laminectomy defect 


p e r- 


on 


hem ilam in ectomy if neurolog ic 


one 


ve com- 
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fracture fragment, which is typical with these fractures. 
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ated with trauma to nerve roots of the cauda equina (e.g., 
L6-L7, SI-S3, and Cdl-Cd5) instead of lhe spinal cord. Due 
to the ability of nerve roots to resist traumatic injury, sub¬ 
stantial displacement of the fracture or luxation 
leave the patient n euro logically intact. Conversely, fractures 
or luxations may occur in which severe displacement of the 
fracture/luxation segments causes tethering or avulsion of 
nerve roots, and will occasionally produce trauma to the 
caudal spinal cord; neurologic deficits in these patients are 
often profound. 

DIAGNOSIS 

Clinical Presentation 

Signal merit. There is no specific age 
predilection for canine or feline lumbosacral fracture/ 
luxation. However, dogs are more likely to sustain this injury 
than cats, and there is a trend of dogs less than 3 years of age 
being affected more often. 

History. Nearly 80% to 90% of dogs and cats with lum¬ 
bosacral fracture/luxation have a history of recent vehicular 
trauma (Selcer, Bubb, Walker, 1991), Patients generally pres¬ 
ent with varying degrees of lumbar pain, ambulatory or non- 
ambulatory paraparesis, and decreased anal and tail tone. 

Physical Examination Findings 

Severe traumatic injury often produces additional injuries 
(e.g., cardiopulmonary, urinary, diaphragmatic hernia, ap¬ 
pendicular skeleton, second vertebral fracture/luxation), A 
thorough physical examination of each system to identify 
concurrent injury is necessary. Patients that struggle during 
physical examination or 

deficits should be secured to a rigid platform to prevent fur- 


FRACTURES AND LUXATIONS 
OF THE LUMBOSACRAL SPINE 


may still 


DEFINITIONS 


Traumatic or pathologic disruption of osseous and support¬ 
ing soft-tissue structures of the caudal lumbar, sacral, and 
first caudal vertebrae (e.g., L6, L7, Si-3, Cdl-5) may result in 
vertebral fracture or luxation and subsequent nerve root 
compression (i.e., cauda equina). 


SYNONYMS 


Broken hack, caudal lumbar fracture, vertebral fracture 

•W . .dr 


, sex, or 




GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Fractures and luxations of the caudal lumbar vertebra, lum¬ 
bosacral articulation, sacrum, and caudal vertebrae generally 
result from direct flexion al trauma to the hind quarters. 
Fractures are usually oblique or short oblique involving the 
vertebral body of L6 or L7 and may be accompanied by lux¬ 
ation of articular facets. Cranioventral displacement of the 
caudal segment typically occurs due to muscular forces act¬ 
ing on the sacrum and pelvis, along with the weight of the 
pelvic mass (Fig. 41-5). Lumbosacral fractures are fairly 
common due to the static-kinetic relationship of the rela¬ 
tively fixed sacrum to the mobile caudal lumbar and caudal 
vertebral bodies. The most common cause of fracture/ 
luxation is vehicular trauma. The spinal cord terminates in 
the body of L6; therefore neurologic signs are usually as sod - 




have profound neurologic 
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MEDICAL MANAGEMENT 


{her nerve root trauma until a definitive course of action can 
be taken. 

Lumbosacral fracture/luxation may cause trauma and sus¬ 
tained compression to the cauda equina. I he most com¬ 
monly involved nerve roots are L6-L7, SI-S3, and Cdl-Cd5. 
Major nerves associated with these nerve roots include the 
sciatic nerve (L6, L7, SI, and/or S2); perineal nerve (SI, 52, 
S3); caudal rectal nerve (S2, S3); pelvic nerve (SI, S2, S3); 
pudendal nerve (SI, 52, S3); and caudal nerves of the tail 
(Cdl-Cd5). Because of the regional anatomy innervated by 
the cauda equina, ischemia and/or compression may produce 
a wide variety of neurologic signs (see 'Fable 41-3). Although 
a variety of neurologic deficits may occur, the most common 
presentation is lumbosacral hyperpathia (pain on deep pal¬ 
pation of the lumbosacral junction), LMN ambulatory or 
nonambulatory paraparesis, varying degrees of anal sphinc- 
ter atonia, and abnormalities in tail carriage and sensation, 

Radiography/Ultrasonography 

Neurologic examination localizes the lesion to the caudal lum¬ 
bar and sacral region. Survey radiographs are diagnostic and 
generally reveal an oblique or short oblique fracture through 
the vertebral body of L6 or L7, or a luxation or subluxation be¬ 
tween L6 and L7 or 1.7 and 51 (see Fig. 41 -5), The caudal ver¬ 
tebral body is characteristically displaced cranio ventral to the 
cranial vertebral body (see Fig. 41-5). Because of the relatively 
mild neurologic signs that may be seen with marked fracture/ 
luxation displacement on survey radiographs, prognosis is 
based on neurologic examination findings, not radiologic find¬ 
ings, Moreover, as LMN signs predominate in patients with 
multiple spinal fractures, neurologic examination may not 
identify a second thoracolumbar fracture/luxation. A complete 
series of spinal radiographs is always recommended in patients 
with spinal fracture. 


Objectives of medical management include immobilization 
of the spine and patient confinement until fracture/luxation 
stabilization and union occur. The following conditions are 
recommended: strict confinement for 4 to 6 weeks in a dry 

e 1 e vated p added cage; a n a 1 ges i cs/ NS A1D s as n e e ded to co n - 
trol back pain; urinary bladder expression four times daily; 
passive physical therapy of the hind legs two to three times 
daily; and serial neurologic examinations twice daily to as¬ 
sess patient response to therapy. 


SURGICAL TREATMENT 


Objectives of surgical management are decompression ol 
the cauda equina (fracture/luxation reduction), followed by 
adequate spinal stabilization. Infrequently patients may re¬ 
quire dorsal laminectomy for complete decompression 
(when bone fragments are present in the spinal canal) or lor 
its prognostic value in evaluating the severity of cauda 
equina damage. Surgical reduction and stabilization pro¬ 
vides immediate relief of back pain, allows freedom of 
movement, decreases patient morbidity and protects spinal 
roots from further trauma. Surgical vs, medical treatment is 
based on the patients neurologic status at presentation, re¬ 
sponse to medical management, and serial neurologic exam¬ 
inations (see Table 41-7), Adequate stabilization of the lum¬ 
bosacral junction can be provided by (1) transilial pins with 
Kirschner clamps, bent pins, or bone cement; (2) transilial 
pins and plastic dorsal spinous process plates; (3) transilial 
pin, dorsal spinous process plates, and external skeletal fixa¬ 
tion; (4) modified segmental spinal fixation; and (5) Stein- 
mann pins (or screws) embedded in methylmethacrylate 
bone cement. Choice of technique is generally dictated by 
the surgeon’s experience and equipment available. 


Preoperative Management 

Preoperative management of patients with cauda equina 
compression is similar to that described for any lumbosacral 
compressive lesion (see p. 1302), If concurrent spinal cord 
injury is not present, preoperative steroids are not recom¬ 
mended because they do not protect nerve roots. Lum¬ 
bosacral instability predisposes the patient to further 
trauma, and care should be taken to support the patient’s 
pelvis during preoperative manipulations. 

Anesthesia 

Suggested anesthetic regimens for use in patients with lum¬ 
bosacral spinal disorders are discussed on p, 1213. 

Surgical Anatomy 

Refer to the description and illustration of topographic 
anatomy of the cauda equina in Figs, 41-2 and 41-3, 

Positioning 

The surgical approach lor each stabilization technique re¬ 
quires dorsal exposure. Positioning the patient in sternal re¬ 
cumbency with the hind legs tucked under the abdomen en¬ 
courages flexion of the dorsal lumbosacral region and 


NOTE * Up to 20% of patients with spinal frac¬ 
ture/luxation have a second Fracture/luxation. 


Laboratory Findings 

Patients presenting with lumbosacral fracture/luxation sec¬ 
ondary to severe trauma often have a stress leukogram and 
elevated hepatic enzymes. If patients sustain concurrent in¬ 
juries such as uroabdomen, ruptured spleen, or pulmonary 
contusion, associated laboratory abnormalities may occur. 

Laboratory findings are usually nonspecific. 


DIFFERENTIAL DIAGNOSIS 


Fracture/luxation of the lumbosacral spine must be differen¬ 
tiated from other disorders causing cauda equina compres- 

including congenital lumbosacral stenosis; disko- 
spondylitis; chronic degenerative disk disease; intervertebral 
disk extrusion; fibrocartilaginous embolism; and neoplasia 
of the spine, surrounding soft tissue, and nerve roots. Defin¬ 
itive diagnosis is made by analyzing history neurologic lo¬ 
calization, and radiographic results. 


sion 
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or towel clamp in the wing of 
each ilium , Hava on unsterile assistant available to provide 
cranial traction 

the frocture/luxation by making the simultaneous moves 

listed in Table 41-9 . 


tion, place a bone forceps 


facilitates fracture reduction and cauda equina decompres¬ 
sion (see Fig. 41-1). 

SURGICAL TECHNIQUES 

L7 Fracture and L7-S1 Luxation 

Transilia I pins* Expose dorsal spinous processes and 
lamina of 16, 17, and the entire median sacral crest as de¬ 
scribed for dorsal laminectomy on p. / 270. Because of the 

cranioventrol displacement of the sacrum, visualization of 

al aspect of the sacral crest is obscured by the lam¬ 
ina of L7. 17 laminectomy Is not compatible with this tech¬ 
nique. Use a periosteal elevator or small osteotome to ele¬ 
vate epaxial muscles and expose the articular processes of 
17. Use the ftp of a Kelly or Cormali forceps or a Senn re¬ 
fractor and carefully place it in the lumbosacral junction. Vi- 
ally monitor the depth of placemen/ of the forceps or re¬ 
in juring nerve roots. Hook the tip of the 
forceps or retractor under the cranial lamina of the sacrum 
to act as 

Adequate exposure of /be lumbosacral junction is facilitated 
by reducing /lie fracture/luxation Before attempting reduc- 


the patient's head or front legs. Reduce 


These manipulations force the sacrum caudodorsally, to 
reduce the fracture/luxation. 


Visualize the lumbosacral articular facets; when the articular 
processes of 17 and 57 are reapposed, reduction is 
anatomic , F/ace an 0.062-inch Kirschner wire through each 
17- 5 1 arttcula r face t to ma in to in fracture/1ux a tion reduction . 
Next, incise gluteal fascia on file dorsolateral crest of the 
wings of each ilium , elevate the middle gluteal musculature f 
and expose the dorsolateral aspect of each ilial crest. Place 
an appropriate size 
the lateral aspect of the ilial wing, across the dorsal lamina 
of 17, and through the opposite ilial wing. Place a second 
pin in a similar fashion storting from the opposite side (Fig. 

41-7, A )., Be sure both pins 

17. Prevent pin migration by employing one of the following 
techniques: (1) bend the ends of each pin at a 90-degree an¬ 
gle (see Fig. 41-7, A); (2) connect the pins on each side with 
double Kirschner clamps of the appropriate size (Fig. 4\-7, 
BJ; or (3) notch the pins' ends with a pin cutter and incorpo¬ 
rate them with methylmethacrylate bone cement (Fig. 41-7, 
C j. If indicated 

form sacral laminectomy to visualize 
surgical wound with sterile physiologic saline solution, cover 
the ends of the pins by closing gluteal fascia; and close 
epaxial muscles by apposing dorsal midline fascia. Close 
subcutaneous tissue and skin routinely. 

Fractures of the Body of L6 and L7 
and Luxation of L7-S1 

Transilial pins with dorsal spinous process 
plates* This technique provides stable fixation by incorpo¬ 
rating the caudal lumbar spine to help counteract flexion 
(plastic plate) and by using multiple points of fixation to 
prevent rotational instability (transilial pins). It is compati¬ 
ble with dorsal laminectomy. 


the crani 


su 


Steinmann pin (Table 41-10) through 


tractor to 


0 lever against the caudal lamina of 17 (Fig 


. 41-6). 


over the dorsal lamina of 




the interarcuate ligament and per- 

n erve roo ts. La vage the 


remove 


Prepare the dorsum of the back f from the mid thoracic region 
to the base of the tail, for aseptic surgery ; Make a dorsal 
midline skin incision such that three dorsal spinous processes 
cranial to the fracture/luxation can be exposed and extend 
it caudally to a point midway between the tuber ischti. Pre¬ 
serve the interspinous and supraspinous ligaments cron 
the lumbosacral junction by making two parallel lum¬ 
bosacral fascia/ incisions on either side of the dorsal spinous 

Elevate epaxial muscles to the level of the articu- 


to 


processes. 

lar facets bilaterally, Carefully expose dorsal spinous 
processes; lamina; and articular facets of L6, 17, and/or 
sacrum , depending on location of the fracture. Reduce the 
fracture/luxation and maintain reduction with transarticular 

described on p. 1 292. Perform a dorsal laminectomy 


FIG 41-6 

Use of Kelly or Carmalt forceps to aid reduction of an L7 
fracture. Hook the tip of the forceps under the cranial lamina 

and lower the jaws against the caudal lamina 


of the sacrum 


of 17, 


pins as 
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at this time , if indicated (see p. 1270). Select the 


in combination with other techniques); and results in a 
stable repair. 


app ropn - 

size and length of plastic plates and secure them along 
each side of the dorsal spinous processes as described 

a minimum of three dorsal 


■ii/ 


on 


1295. Include 


Approach the dorsal aspect of the lumbar and lumbosacral 

described for transilial pins and dorsal spinous 

p. 1314, Expose three dorsal spinous 


P- 


spinous 

processes cranial to the tracture/luxafion. Place two tronsil- 

ial Steinmann pins as described on p, 1316 (Fig. 4 1-8). Be 
sure to place each pin through predrilled holes in each plas¬ 
tic plate. Prevent pin migration by placing Kirschner clamps 

pin ends to 90-degree angles 
or notching and covering the pin ends with bone cement 
described (see Fig. 41-71 Place a final bolt, washer% and nut 


spme as 

process plates on 
processes cranial to the fracture/luxation , Expose . carefully 
reduce , and maintain fracture/luxation reduction 
scribed for transilial pinning on p. 1 292 . Per form a dorsal 
laminectomy at this time , if indicated (see p. 1270 J. Drill 

in the caudal articular processes and bases of dorsal 
spinous processes of at least two to three vertebrae cranio! to 
the fracture/luxation , Drill holes in the cranial sacral articu¬ 
lar facets to ensure a minimum 


, bending the 


on 


pm 


as 


through the plates caudal to the transilial pins ( 


8). Lavage the surgical wound and close dorsal lumbar fas¬ 
cia, gluteal fascia , subcutaneous tissue, and skin routinely. 


of two points at fixation per 
pin in the sacroiliac segment. Preplace 3- to 4-inch lengths of 
18- to 20-gauge stainless steel wire through each hole . Drill 
two holes transversely through each ilial wing at the level of 
the dorsal lamina of the 


Modified segmental spinal fixation. Modified seg¬ 
mental spinal fixation can be used in patients of all sizes. It 
does not require deep exposure, and it is compatible with 
dorsal laminectomy; simple to perform; versatile (it 


Bend four appropriate size 
90-degree angle, remove the 


sacrum . 

and length Steinmann pins at 


a 


B 






/ 


on 


% 


■ 


FIG 41-7 

Prevent migration of transilial pins by A, bending the ends of each pi 
angle; B, connecting the pins on each side with a double Kirschner clamp; or C, notching 
the pins' ends with a pin cutter and incorporating them with bone cement. 


at a 90-deg 


n 


TABLE 41-9 


TABLE 41-10 


Manipulation of L7-S1 Fracture/Luxation 
During Reduction 


Selection of Steinmann Pin Size for Transilial Pins 


Grasp the towel clamps or bone forceps on the wings oF 
the ilium and pull caudal and slightly dorsal 
Have the assistant place counter traction on the head 
front legs 

Lever the sacrum against the lamina of L7 while pressing 
venttally on 16-7 


ANIMAL WEIGHT (kg) 


PIN SIZE (INCHES) 


2,5 


7 


or 


64 


5-10 


32 


10-20 


a 


>20 


V- 


16 
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FIG 41 -9 

Diagram showing proper pin placement for modified 
segmental spinal fixation of L6, 17 , SI fracture/luxations. 


FIG 41-8 

Diagram showing use of transilial pins and plastic dorsal 
spinous process plates to repair L7-S1 fracture/luxations. 


facets and periosteally elevate epaxial muscles until the dor¬ 
sal aspect of the transverse processes of 16 and 17 and 
dorsal lamina of the sacrum are identified l Reduce the 
fracture/luxation and maintain reduction as described for 
transilial pinning on p. 1292, If the fracture involves the 
body of L6, place two pins in the body of L5 and two pins in 
the body of 17. if an L6-L7 luxation is being repaired, place 

the body of 16 and two pin $ /.n the body af 17. 
Place pins and apply bone cement using the technique de¬ 
scribed on p. 1290. If the fracture involves the vertebral 
body of 17 or is an 
body of 16, two pins in the tody of 17 t and two pins in the 
cranial articular process of 5 J with penetration through th 
ilium , If the fracture involves the vertebral body of 17 , pin 
placement in 17 is dictated by the type of fracture present 
(e.g. t avulsion fracture of the endplate—place two pins in 17; 

transverse fracture—place 

ing on 


points , and pass the pins through the holes drilled in the 
wings of the ilia. Place the pins alongside the lamina and at¬ 
tach them to the articular facets and dorsal spinous processes 

using the preplaced stainless steel wires (Fig. 41-9). 


Fracture of L6 or L7 Vertebral Bodies 
and Luxation of L6-L7 or L7-S1 


Stein mann pins and methylmethacrylate bone 
cement* Stein mann pins and methylmethacrylate bone ce¬ 
ment can be used in patients of all sizes. This technique re- 

of the dorsal surface of the transverse 


two pins in 


L7 S / luxation, place two pins in the 


quires exposure 
processes of 1.6 and L7 and is compatible with dorsal 

laminectomy; versatile (it can he used in combination with 

/ 

o th e r tech n i q u es); req u i re s co n stan t refe re n ce to a n a na l o m i c 
specimen (e,g>, spine); and produces a stable repair. 


e 


two smaller pins depmd- 
of the fracture fragments; comminuted frac- 


Adequafely expose the vertebrae cranial and caudal to the 
fracture or luxation. Incise muscle attachments to articular 
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FIG 41*10 

A, Dorsal and B, lateral views showing pro 
Facets of SI, and vertebral bodies of 16 an 


pin placement in the ilial wings, articular 
when using Steinmann pins and 
methylmethacrylate bone cement to repair L6 # L 7, SI fracture/luxations. 


>per 

6 L7 


fare—no pins should be placed in 17Insert pins directly 
into the vertebral bodies of 16 or 17 using the accessory 
process and transverse process as landmarks. Insert pins into 
the center of the cranial articular processes of 5 L Drive the 
pin until it penetrates the gluteal surface of the wing of the il¬ 
ium . Direct the L6 and 17 pins cranioventral and from lateral 
to med ial, and the SI pins caudo ven fra I and from I a tera I to 
medial. Drive pins to exit 2 to 3 mm from the ventral aspect 
of the vertebral bodies and wings of the ilia . Cut pins to 
leave 2 cm protruding and notch the exposed pin heads with 
pin cutter. Thoroughly lavage and dry the surgical field 

(Fig. 41-10). Apply methylmethacrylate bone cement as 
described on p. 1290 (see Figs. 40-23 through 40-25 on 

p .. 1293 J: If necessary excise portions of epaxial muscles 
adjacent to the methylmethacrylate to facilitate closure. 
Rarely, relief incisions in the lumbodorsal fascia lateral to the 
methylmethacrylate are necessary to allow closure of the pri¬ 
mary incision. Close subcutaneous tissues and skin routinely. 

TranstliaE pins with dorsal spinous process plates 
and external skeletal fixation* Trans ilial pins can be 
used in patients of all sizes. This technique is compatible 


with dorsal laminectomy, offers dorsal and ventral compart¬ 
ment fixation, requires minimal special equipment, and re¬ 
sults in a stable repair. 


Performing a dorsal approach , expose three 
processes cranial to the fracture/luxation. Expose dorsal 
lamina and articular facets of affected vertebrae; reduce the 
fracture/luxation , maintain reduction f and place a dor sol 
spinous process plate as described on p . 1 295. Pull skin and 
muscle to the center of the incision and percutaneously place 
a Steinmann pin through skin , muscle , wing of the ilium f 
holes 


spinous 


a 


in the dorsal spinous process plates, opposite ilial 
wing t and muscle and skin of the opposite side. Place a 
ond Steinmann pin through the vertebral body cranial to 
fracture/luxation. Start the pin just caudal to the junction of 
the transverse process and vertebral body . Pull skin and mus¬ 
cle to the center of the incision and percutaneous// insert the 
pin through skin; epaxial and body wall muscle mass ; verte¬ 
bral body (ie., just caudal to the junction of the transverse 
process and vertebra/ bodyb and through muscles and skin 

on the opposite side . Place single clamps on 
each Steinmann pin and attach connecting bars to each 
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side. Close dorsal lumbar and sacral fascia, subcutaneous 
tissues , and skin routinely . ; 


Harrington ML, Bagiev RS: Realignment of a seventh lumbar ver¬ 
tebral tract ure/luxation using a Senn retractor in two puppies, 

J Am Amm Hasp Assoc 34:377, 1998. 

Kuntz CA et al: Sacral fractures in dogs: a review of 32 cases (ab¬ 
stract) Vet Surg 2 2:388, 1993, 

Patterson RH, Smith GK: Backsplinting for treatment of thoracic 
and lumbar fracture/iuxation in the dog: principles of applica¬ 
tion and case series, Vet Compar Orth op Trauma 5:179, 1991. 

Philips L, Rlackmore [: Kirschner-Ehmer device alone to stabilize 
caudal lumbar fractures hi small dogs, Vet Comp Orthop Trauma 
4:112, 1991, 

Gilman SL, Boudrieau RJ: Internal skeletal fixation using a 
Kirschner apparatus for stabilization of tract ure/luxaiions of the 
lumbosacral joint in six dogs, Vet Surg 22:1 1, 1993. 

Wong WT, Emms SG: Use of pins and methylmethacrylate in stabi¬ 
lization of spinal fractures and luxations, / Stti Anim Tract 
33:415, 1992. 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Depending on the technique chosen, the following special 
instruments will be needed: plastic dorsal spinous process 
plates, bone cement, Steinmann pins, skeleton, and 
Kirschner-Ehmer damps and connecting bars. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Patients with lumbosacral fracture/iuxation should be mon¬ 
itored postop era lively, as are patients with other lum¬ 
bosacral disorders (Le +? strict confinement, analgesics as 
needed, short walks using an abdominal sling, frequent uri¬ 
nary bladder evacuation, and daily neurologic examina¬ 
tions), Long-term assessment consists of neurologic exami¬ 
nations and unanesthetized spinal radiographs at 1,2, 3, 6, 9, 
and 12 m o n ths a her s u rger y. 


NEOPLASIA OF THE LUMBOSACRAL 

SPINE AND NERVE ROOTS 


PROGNOSIS 


DEFINITIONS 


Prognosis depends on severity of cauda equina compression 
(Le., on neurologic examination at presentation) and die 
treatment regimen chosen. Cauda equina nerve roots with¬ 
stand considerably more trauma than the spinal cord. Pa¬ 
tients with 100% lumbosacral spinal canal compromise may 
retain neurologic function of the hind limbs, anus, urinary 
bladder, perineum, and tail; their prognosis is favorable. 
However, patients with profound neurologic deficits (e.g., 
complete loss of motor function and deep pain perception) 
should be given a guarded prognosis, regardless of lhe per¬ 
centage of spinal canal compromise. As the severity of pre¬ 
senting neurologic deficits increases, early decompression 
and stabilization allow a more favorable prognosis. If neuro¬ 
logic deterioration during medical management is deter¬ 
mined early, immediate surgical intervention produces a 
more favorable outcome. 


Neoplasms involving the lumbosacral vertebra and nerve 
roots are similar to those of the cervical and thoracolumbar 
regions (see p. 1263). Because the spinal cord terminates in 
the body of L6, primary spinal cord neoplasms are not en¬ 
countered in the lumbosacral region. 


SYNONYMS 


Spinal tumors, spinal cord tumors f tumors of the spine , verte¬ 
bra l titmo rs, tier ve r<?(7 1 f u m o rs 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Tumors of t he lumbosacral vertebrae and nerve roots rarely 
occur. Tumor type, location (e,g., spine, surrounding soft 
tissue, or nerve root), and classification (e.g., extradural, 
intradural-extramedullary, or intramedullary) are similar to 
neoplasms of the cervical, thoracic, and lumbar spine (see 
pp. 1263 and 1298). Regardless of tumor type or location, 

once the encroaching mass becomes large enough to cause 
cauda equina compression and ischemia, any of the neuro¬ 
logic signs associated with cauda equina syndrome or frac¬ 
ture/iuxation may occur (see Table 41-3). 


NOTE • The amount of spinal canal compromise 
observed on lateral radiographs should not be used 
as a prognostic indicator. 


Reference 


Sdcer RR, Bubb WJ, Walker TL: Management of vertebral column 
fractures in dogs and cats: 211 cases (1977-1985), / Am Vet Med 
dssoc 198:1965, 1991. 


DIAGNOSIS 

Clinicol Presentation 

Sig nafmerit. There is no sex or breed predilection for 
patients with tumors of the lumbosacral spine. Generally 
patients with spinal tumors are older than 5 years of age. An 
exception is solitary or multiple cartilaginous exostoses, 
which usually occur in patients less than 1 year of age. 

History, History depends on the specific location of the 
neoplasm and the degree of cauda equina compression. Pa- 


Sugges ted Reading 


Beaver DP et al: Methyl-methacrylate and bone screw repair of sev¬ 
enth lumbar vertebral fracture-luxations in dogs, / Sm Anim 

Pm ct 37:381, 1996, 

Bruecker KA, Seim HR III: Principles of spinal fracture manage¬ 
ment, Semin Vet Med Surg 7:71,1992. 
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Radiography/Ultrasonography 


tients may present with variable degrees of back pain, with 
or without LMN ambulatory paraparesis (see Table 41-3), 
Anal sphincter atonia and urinary incontinence are incon¬ 
sistent b u t do o ce u r. Pa t i en ts wit h n e rve roo [ l u m o rs u s u al ly 
have a chronic history of dull hind leg lameness (he 
paresis from root signature). As the tumor enlarges and 
compresses more of the cauda equina, paraparesis becomes 
evident. Patients with vertebral body or surrounding soft tis¬ 
sue (extradural) tumors have an acute history of back pain 
and ambulatory or nonambulatory paraparesis. Careful his 
tori cal examination may reveal previous (e,g., weeks to 
months) subtle back pain or hind limb lameness. 

Physical Examination Findings 

Physical and neurologic examination findings vary depending 
on anatomic location of the tumor (e g., spine, paraspinal soft 
tissue, nerve root), degree of nerve root compression/ischemia, 
specific nerve roots involved, and associated secondary effects 

paraneoplastic syndrome). Generally, patients present 
with any combination of LMN signs associated with cauda 
equina compression (see Table 41-3). If a single nerve root is 
involved (eg., neurofibroma of L7), neurologic examination 
findings may allow localization of the tumor to that nerve root. 


Radiographic findings suggestive of vertebral neoplasia 
include vertebral body osteolysis and/or osteopreduction. 

These findings are generally associated with primary 

bone tumors (e.g M osteosarcoma, chondrosarcoma, fibro¬ 
sarcoma). Lysis of an intervertebral foramen suggests a 
nerve root tumor (e.g., neurofibroma, meningioma) (Pig, 
41-11). Diagnosis of lumbosacral neoplasms may require 
stress radiography, myelography, or ep id urography. Spe¬ 
cific techniques for performing these procedures are given 
in Tables 38-8 and 38-9 (see p. 1206) and Figs. 38-14 

38-20 ( 


mono- 


■ y 


pp, 1207-1210). Occasionally, CT scan 

or MR1 is needed for a definitive diagnosis and/or deter¬ 
mining the extent of the disease, If the neurologic exami¬ 
nation accurately localizes the lesion to the lumbosacral 


VP 


space, exploratory laminectomy may provide a definitive 


HO sis . 

Electromyography, particularly of the tail base, pelvic di¬ 
aphragm, and muscles of sciatic distribution, can reveal 
spontaneous electrical activity indicative of LMN disease. 
Electrodiagnostic findings, along with typical historical, 
neurologic, and imaging results, may support a diagnosis of 
cauda equina compression. 


(e. 
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fig 4i-i i 

Lateral radiograph oF a dog with L7-S1 intervertebral foramen lysis /arrow) suggestive of 
nerve roof tumor. 
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Surgical Anatomy 

Refer to the description and illustrations of the topographic 
anatomy of the lumbosacral spinal canal and cauda equina 

in Figs, 41-2 and 41-3, ' 

Positioning 

Exposing neoplasms of the lumbosacral region generally 
requires a dorsal approach and wide dorsal laminectomy 
with unilateral or bilateral facetectomy and foramenotomy. 
If stabilization is needed, a dorsal approach is also recom¬ 
mended. Therefore position the patient in sternal recum¬ 
bency with the hind legs tucked under the abdomen to gen¬ 
tly flex the lumbosacral junction (see Fig. 41-1). This 
position facilitates exposure of the dorsal intervertebral 

s p ace. 


Laboratory Findings 

Laboratory findings are generally normal or reflect paraneo¬ 
plastic syndromes (e.g., hypercalcemia or monoclonal gam- 
mopathy), Patients with severe back pain and those treated 

with corticosteroids may have a stress leukogram. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses for cauda equina compression include 
ft a c t u re/1 uxa t ion; d is kosp o n dyl i t i s; verteb r a 1 osteomyelit is; 
fibrocartilaginous emboli; neoplasia of the spine, surround¬ 
ing soft tissue, or nerve roots; chronic degenerative disk dis¬ 
ease; herniated intervertebral disk extrusion; or congenital 
lumbosacral stenosis. Disorders nol associated with the lum¬ 
bosacral junction that may mimic cauda equina compres¬ 
sion include hip dysplasia, metabolic disorders that cause 
generalized weakness, and degenerative myelopathy. Diag¬ 
nostic tools include careful historical, physical, and neuro¬ 
logic examinations, laboratory data, multiple imaging pro¬ 
cedures, and electrodiagnostics. Surgical exploration may be 
needed for definitive diagnosis. 


SURGICAL TECHNIQUE 

Nerve Root Tumors 


Tumors involving nerve roots of the cauda equina as 
they course through the lumbosacral spinal canal are 
best approached using dorsal laminectomy, facetectomy, 
and foramenotomy as described on p. 1270 (see Figs, 41-2 
and 41-4), It is important to identify the specific nerve 
root or roots to be resected, and have a knowledge of their 
effect on the patient’s neurologic function (see Table 
41-3), Neurologic deficits created by single or multiple 
nerve root resection may incapacitate the patient to an un¬ 
acceptable degree. In such cases, biopsy for histopatho¬ 
logic diagnosis and adjunct medical management may be 
i nd i ca ted, 


MEDICAL MANAGEMENT 


Medical management is directed at both the primary lesion 
and secondary effects of the tumor. Corticosteroid therapy is 
generally not recommended for primary treatment of nerve 
root injury. However, steroids may be used tor their antitu¬ 
mor effects. With most lumbosacral neoplasms, definitive 
medical treatment requires surgical exposure and incisional 
or excisional biopsy to determine tumor type and to plan ap¬ 
propriate adjunct chemotherapy, immunotherapy, irradia¬ 
tion, or combination therapy 


SURGICAL TREATMENT 


NOTE * If possible, excise the tumor so as to in¬ 
clude 2 cm of adjacent, normal-appearing tissue. 


Surgical treatment objectives include the definitive diag¬ 
nosis of cauda equina compression (e.g,, neoplasia, herni¬ 
ated disk, abscess); decompression and mass removal; in¬ 
cisional or excisional biopsy (wide surgical excision is 
preferred if possible); tumor staging, and, if necessary, 
spinal stabilization. If wide surgical excision creates spinal 
instability, stabilization is performed as described on 
p. 1304, Definitive histologic diagnosis is used to plan ad¬ 
junct chemotherapy, immunotherapy, irradiation, or com¬ 
bination therapy 


Enter the spinal canal by carefully elevating the inner pe¬ 
riosteal layer with a dental or ins spatula and ophthalmic 
forceps . Remove any remaining epidural fat. Identify cauda 
equina nerve roofs on the floor of the spinal canal. Use a 
dural hook, dental spatula f or iris spatula to carefully fob 
low the SI and 17 nerve roots as they course along /fie 
floor of the spinal canal identify the 17 nerve root os it lies 
against the caudal aspect of the 17 pedicle , and follow it os 
if disappears through the 17-Si intervertebral foramen. 
Carefully examine each nerve root for evidence of diffuse 
en la rgemen tor la ca I (zed bulging . If the lesion is resectable , 
identify the nerve root involved, carefully cauterize the root 
cranial to the lesion using bipolar cautery ; franseef ffoe root 
with a No, 1 I scalpel blade ; and carefully elevate the tran¬ 
sected portion of the root. Fo//ow the affected nerve root 
caudal to the lesion and complete the resection as de- 
scribed above. Reexamine the cauda equina to rule out 
multiple nerve root tumors, lavage the surgical wound and 
close tissues routinely 


' 


Preoperative Management 

Patients are given intravenous fluids before surgery Preop¬ 
erative management of patients with lumbosacral neoplasia 
is similar to that described for patients with any lumbosacral 
compressive lesion (see p. 1302), Preoperative steroids are 
not indicated because they do not protect nerve roots. If 
lumbosacral instability is suspected, care should be taken to 
support the pelvis during manipulations. 

Anesthesia 

Suggested anesthetic regimen lor use in patients with lum¬ 
bosacral spinal disorders arc discussed on p. 1213. 
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Tumors Involving the Vertebral Body 
or Surrounding Soft Tissues 

Tumors involving the vertebral body or surrounding soft tis 

are best approached via dorsal laminectomy as de 
scribed in Figs, 41-2 to 41-4. 

Perform a dorsal laminectomy to remove 
provide cauda equina decompression , if bony involvement is 
extensive and nonresectable, use a trephine to biopsy af¬ 
fected bone and perform 

cauda equina decompression , tf surrounding soft tissue 
structures ore involved, biopsy rep res enter five areas, tf neo¬ 
plastic tissue is cavifated or abscessed , obtain samples for 
anaerobic and aerobic culture and susceptibility testing .. if 
spinal instability is diagnosed or occurs as a result of de¬ 
compression , perform spinal stabilization as described on 

p. 1314. 


spine in 13 dogs (1990-1993), Vet Radiol Vltrasongraphy 
36: 3, 1995, The caudal and lumbosacral spine of 13 dogs 
with pain or neurologic deficits were evaluated using mag¬ 
netic resonance imaging (MRI:. Spin echo Tl, proton den¬ 
sity and T 2 weighted and gradient echo T2 imaging se¬ 
quences were utilized, MR1 permitted direct, multiplanar, 
tomographic visualization of the spine facilitating evalua¬ 
tion of all components of degenerative caudal lumbar and 
lumbosacral stenosis. Abnormalities detected included inter¬ 
vertebral disc degeneration, intervertebral disc protrusion 
involving both the vertebral canal and intervertebral for am- 

articular process osteophytosis, articular process frac¬ 
ture, nerve root impingement by spondylosis deformans, 
and the presence of low signal material withing the vertebral 
canal of two dogs with recurrent pain following previous 
spinal surgery. In all seven dogs treated surgically, MRI find¬ 
ings were consistent with surgical findings. 

Danielsson F> Sjostrom L: Surgical treatment of degenera¬ 
tive lumbosacral stenosis in dogs, Vet Surg 28:91 > 1999, A 

retrospective study was performed using 131 client-owned 
dogs in order to evaluate the epidemiology clinical findings, 
and long-term outcome of surgical treatment of degenera¬ 
tive lumbosacral stenosis (DLSS) in dogs. Results showed 
that German shepherd dogs were overrepresented (56,5%), 
and males were more often affected than females. The most 
common physical and neurologic examination findings were 
pain in the lumbosacral area during hyperextension and on 
direct digital palpation. A total of 93.2% of the dogs were 
improved clinically within the follow-up period. Recurrence 
of clinical signs resembling DLSS was reported by the owner 
diagnosed by clinical examination in 17,6% of the dogs. 
The authors concluded that surgical treatment of DLSS with 
dorsal laminectomy and fenestration generally resulted in 
good to excellent clinical outcome, 

Jones JC, Banfield CM, Ward DL: Association between 
postoperative outcome and results of magnetic resonance 
imaging and computed tomography in working dogs with 
degenerative lumbosacral stenosis, / Am Vet Med Assoc 
216:1769, 2000, The purpose of this study was to determine 
whether results of magnetic resonance imaging (MRI) and 
computed tomography (CT) correlated with postoperative 
outcome in working dogs with degenerative lumbosacral 
stenosis. A prospective, cohort study was performed using 12 
dogs treated surgically for degenerative lumbosacral steno¬ 
sis, None of the dogs tested were able to perform their duties 
before surgery. Six months after surgery eight of 12 dogs had 
returned to full, active duty. Nerve tissue compression was 
effectively localized by use of CT and MRI. Significant asso¬ 
ciations between results of imaging studies and postopera¬ 
tive outcome were not identified. The results showed that 
surgical intervention is justified in high-performance work¬ 
ing dogs with degenerative lumbosacral stenosis. The au¬ 
thors concluded, however, that results of imaging studies 
may be less important than clinical or surgical factors for 
predicting outcome in affected dogs. 


sues 


affected bone and 


dorsal laminectomy to provide 


rna 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Special instruments necessary lor laminectomy and spinal 
stabilization are listed in Tables 39-7 (see p. 1227) and 40-2 
(see p, 1277). 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Patients with neoplasia of the lumbosacral spine should be 
monitored postoperatively in a similar fashion as patients 
with other lumbosacral spinal disorders (see Tables 40-3 and 
40-4 on pp. 1277 and 1278), In general, strict confinement, 
analgesics as needed, short walks using an abdominal sling, 
frequent urinary bladder evacuation, and daily neurologic 
examinations are indicated. Long-term monitoring and ad¬ 
junct medical therapy are dependent on tumor type and sur¬ 
gical margins. 


or 


PROGNOSIS 


Prognosis depends on tumor type (biologic activity), surgi¬ 
cal margins (percent of tumor resection), and sensitivity to 
adjunct therapy {chemotherapy immunotherapy, radiation 
therapy or combination therapy). Malignant extradural 
neoplasms tend to have an unfavorable prognosis, benign 
extradural neoplasms have a favorable prognosis, and 
extradural-intramedullary neoplasms (nerve root tumors) 
have a guarded to unfavorable prognosis. 


Suggested Readfug 


Lane SB et al: Feline spinal lymphosarcoma: a retrospective evalua 
tion of 23 cats, / Vet Int Med 8:99, 1994. 

Levy MS et at: Spinal tumors in 37 dogs: clinical outcome and long 
term survival (abstract) Vet Surg 24:429,1995. 


Selected abstracts of recent m anuscrip ts 

Adams WH, Daniel GB, Pardo AD, Selcer RR: Magnetic 
resonance imaging of the caudal lumbar and lumbosacral 
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GENERAL PRINCIPLES 
AND TECHNIQUES 
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in absorption of CSF at the subarachnoid space). Cerebral 
edema can cause brain herniation. Glucocorticoids (e*g*> 
dcxamethasone, prednisone, prednisolone) appear more ef¬ 
fective in treating vasogenic and interstitial edema than cy¬ 
totoxic edema. They also reduce the edema associated with 
brain tumors* Despite the fact that the aforementioned 
drugs have not shown significant benefit in brain trauma pa¬ 
tients, they continue to be used in veterinary patients with 
these injuries. High-dose methyl prednisolone therapy 
(Table 42-1) may reduce nervous tissue destruction and is¬ 
chemia and improve neurologic outcome in brain trauma; it. 
is recommended in animals that have moderate or severe 
neurologic dysfunction after trauma or surgery. 

Patients with cranial trauma or neoplasia should he sta¬ 
bilized before surgery with intravenous (IV) fluids (Table 
42-2); however, overhydration should be avoided, or it could 
worsen brain edema a ltd further increase intracranial pres¬ 
sures. 1 fypertonic saline (see Table 42-2} and hetastarch may 
benefit patients with brain trauma* Hypertonic saline pro¬ 
tects against cerebral edema and intracranial pressures, even 
after subsequent administration of crystalloid solutions. Hy¬ 
perventilation reduces or prevents brain swelling due to 
hypocapnia; hyperventilation reduces cerebral blood vol- 

Superoxide radical scavengers (e.g., deferoxamine me¬ 
sylate) may prevent brain tissue damage after injury. Exper- 
imental 1 y, deferoxam i ne mesylate (Tab 1 e 42-3) is effective i f 
given early to brain trauma patients; however, IV adminis¬ 
tration is associated with profound hypotension and intra- 






DEFINITIONS 


Craniotomy is removal of a portion of the calvarium to ex¬ 
pose the cranial vault; the excised bony plate is replaced dur¬ 
ing closure. Craniectomy is similar to craniotomy except the 
bony flap is not replaced* Right or left rostra tentorial (lat¬ 
eral) craniotomy/craniectomy is an approach to the right or 
left cerebral hemisphere, respectively. Extended rostroten¬ 
torial craniotomy/craniectomy is a ventral extension of the 
aforementioned technique with zygomatic arch resection. 

Right and left cerebral hemispheres may be approached bi¬ 
laterally (bilateral mstro tentorial cranio to my/craniectomy). 
Caudotentorial craniotomy/craniectomy is an approach to 
the caudal cerebrum and rostral cerebellum, while trans- 
frontal and modified bilateral transfrontal craniectomy is 
an approach to the cranial aspect of the cerebrum (olfactory 
bulb). Suboccipital craniectomy is an approach to the cau¬ 
dal aspect of the cerebellum* Various combinations of cran¬ 
iotomy approaches are used when exposure of larger areas oi 
the brain is indicated (e.g., rostro lento rial and transfrontal 
approaches, caudotentorial and suboccipital approaches, bi¬ 
lateral rostrotentorial approach, and extended rostrotentor- 
ial approach}* 


PREOPERATIVE CONCERNS 


The most common indications for brain surgery in dogs and 
cats are trauma and neoplasia. Cerebral edema is a common 
complication in these patients and may be vasogenic (dis¬ 
ruption of tight junctions formed by endothelial cells of 
brain capillaries), cytotoxic (associated with swelling of cel¬ 
lular elements of the brain), or interstitial (caused by seep¬ 
age of cerebrospinal fluid [CSF] across the ventricular walls), 
Ih.mye nic ede t na m ay be as so c ia ted vv it h si o w- g ro wi n g m a ss 
lesions (e.g*, neoplasia), whereas hypoxia and abnormalities 
in osmolarity [e.g., acute dilutional hyponatremia, hyperos¬ 
molar diabetes mellitus, salt intoxication) typically cause cy¬ 
totoxic edema. Interstitial edema is usually caused by hydro¬ 
cephalus (obstruction of the ventricular system or reduction 
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TABLE 42-1 


High-Dose Methylprednisolone Therapy 


1* Initial dose: 30 mg/kg IV* 

2. Follow with 15 mg/kg IV*; 2 and 6 hours after initial 
dose 

3. Place on continuous IV infusion at 2.5 mg/kg/hr For 

42 hours; then discontinue 


Give slowly over several minutes. 
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| TABLE 42-4 


TABLE 42-2 


Diuretics in Patients with Brain Injury 


Fluid Administration in Patients with Brain Trauma 


Mannitol* (25%) 

0.25-2.0 g/kg IV over 20 minutes; repeat in 3 to 8 hours 

if necessary 

Furosemide (Lasix) 

2.2-4,4 mg/kg IV; repeat in 6 hours if necessary 


lactated Ringer's solution (LRS) or 0.9% saline 

40 to 90 ml/kg/hr; IV shock dose; then decrease to main’ 
tenance rate 

Hypertonic saline* (7%) 

4 5 ml/kg IV over 3-5 minutes 

Hetastarchf (6%) 

20 ml/kg lactated Ringer's solution IV 


* Monitor urine output. 


*Do not give to dehydrated patients or those with congestive heart 

failure 

fUse with caution in 


TABLE 42-5 


failure, or uncontrolled hemorrhage, 
patients with congestive heart failure. 


anunc rena 


Selected Anesthetic Protocols tor Patients with Increased 
Intracranial Pressure 


\ TABLE 42-3 


Premedication 

Methyl prednisolone sodium succinate (30 mg/kg IV] plus 
furosemide (1 mg/kg IV) or mannitol (1 mg/kg IV) 
Give 30 minutes before induction. 

Induction 


Deferoxamine Mesylate* (Des feral) Administration 


25-50 mg/kg IM (single dose) 


azepam (0.2 mg/kg IV) followed by thiopental [10-12 

mg/kg IV) or propofol (4-6 mg/kg IV). Moderately hy¬ 
perventilate the patient with oxygen prior to exposure to 

an inhalant 

Maintenance 

Minimal concentrations of isoflu rone or sevoflurane; use 
modest hyperventilation to maintain carbon dioxide be¬ 
tween 28 and 32 mm Hg 


Di 


*Do not give concurrently with phenothiazine drugs. 


muscular administration is preferred. If given intravenously, 
it should be administered slowly over a 20-minute period. 


NOTE * Restrict IV fluids to that volume necessary 
to maintain adequate hydration in patients with cere¬ 
bral trauma; excessive fluids increase the risk of 
cerebral edema. 


performed in patients with severe CNS signs because 
changes in arterial oxygen and carbon dioxide concentra¬ 
tions may alter cerebral blood How, 


Additional therapy of patients with cranial trauma often 
includes antibiotics, anticonvulsants, and/or diuretics. Pa¬ 
tients with intracranial masses (e.g„ neoplasia, abscess, vas¬ 
cular malformation) are generally treated preoperalively 
with anticonvulsants, corticosteroids, and diuretics. Manni¬ 
tol is an osmotic diuretic that draws extravascular fluid into 
the intravascular space (Table 42-4). It may also reduce CSF 
production and promote oxygen-free radical scavenging and 
cerebral arteriolar vasoconstriction. Mannitol's effects last 
for 2 to 4 hours. To minimize a mild transient rise in in¬ 
tracranial pressure associated with mannitol administration, 
it should be given slowly over a 20-minute period. It is con¬ 
traindicated in patients that are dehydrated or in hypov¬ 
olemic shock and should be used cautiously in those with 
congestive heart failure, anuric renal failure, or pulmonary 
edema. It should not be used if cerebral hemorrhage is sus¬ 
pected because it will leak into the central nervous system 
(CNS) and draw fluid with it because it is hypertonic. 
Furosemide decreases intracranial pressure by reducing ex¬ 
tracellular water and may potentiate the ami-edema effects 
of mannitol (see Table 42-4), Blood gas analysis should be 


ANESTHETIC CONSIDERATIONS 


Anesthetic agents alter normal CNS physiology (e.g., cere¬ 
bral [flood flow, CSF production, intracranial pressure dy¬ 
namics), which may be deleterious in patients with intracra¬ 
nial disorders. Increased intracranial pressure may worsen 
cerebral ischemia, prolong cerebral edema, and produce 
brain herniation. Preoperative medications listed in fable 
42-5, coupled with anesthetic protocols that reduce alter¬ 
ations in normal CNS physiology, should be used. For in¬ 
duction of patients with CNS disease, barbiturates are indi¬ 
cated because they significantly reduce cerebral metabolic 
oxygen requirements, cerebral blood flow, and intracranial 
pressures. Propofol also decreases cerebral blood flow and 
decreases cerebral oxygen consumption and may also be 
used. Although propofol infusion is occasionally associated 
with seizure-1 ike activity, it is not generally a problem with 
an induction dose. Anesthesia should be maintained using 
minimal concentrations of isoflurane or sevoflurane supple¬ 
mented with opioids or barbiturates, as necessary. Dogs with 
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increased intracranial pressures may have resting bradycar¬ 
dia; blood pressure should be evaluated preoperatively to de¬ 
termine if an anticholinergic is needed. Preoperative opioids 
should be avoided in patients with increased intracranial 
pressures since they cause hypoventilation* 

Proper anesthetic management includes arterial catheter¬ 
ization, appropriate induction and maintenance agents, and 
modest hyperventilation. Arterial catheterization is used to 
constantly monitor arterial blood pressure. Hypertension is 
uncommon, but hypotension may occur. Arterial blood 
pressures should be kept above 60 mm Hg. Periodic arterial 
sampling for carbon dioxide levels aids anesthetic monitor¬ 
ing (see Table 42-5); additionally, end-tidal capnography 
may be used for continuous monitoring. Modest hyperven¬ 
tilation (using a mechanical ventilator) reduces arterial car- 
bo n d i ox i d e, d ee re a ses ce re bra 1 blood 11 o w (i. e., reduces the 
volatile anesthetic-induced increase in cerebral blood flow), 
and lowers intracranial pressures. These patients should be 
hyperventilated for 10 minutes before administering in¬ 
halant anesthetics. Intubation should be done under a deep 
plane of anesthesia in patients with increased intracranial 
pressures to avoid inducing a cough. Drugs that should be 
avoided in patients with central nervous system dysfunction 
include acepromazine because it may promote seizures, and 
ketamine because it increases intracranial pressures. Anes¬ 
thetic recommendations for animals undergoing magnetic 
resonance imaging (MRI) are provided in Table 42-6, Propo¬ 
fol is generally used to induce and maintain anesthesia dur¬ 
ing MR1 procedures. Table 42-7 contains dosages and drip 
rates for propofol based on animal weight. These animals 
should be intubated and a long Bain system used to assist 
ventilation; inhalant anesthetics are not usually given. 


lion of intracranial neoplasia generally do not require pro¬ 
phylactic or therapeutic antibiotics unless operative times 
exceed 90 to 120 minutes. 


SURGICAL ANATOMY 


The brain may be divided into three large regions: cerebrum, 
cerebellum, and brain stem* The cerebrum consists of paired 
cerebral hemispheres that are separated by a longitudinal fis¬ 
sure. Cerebral hemispheres are composed of cerebral cortex 
(gray matter) and underlying white matter. The surface of 
tire cerebrum contains gyri, separated by grooves known as 
sulci . Each cerebral hemisphere contains a lateral ventricle 
that communicates with the third ventricle through an in- 
ter ventricular fo ram e n. Th e o 1 fa c tory ne r ve origin ates from 
the cerebrum; other cranial nerves arise from the brain stem. 
The cerebellum is separated from the cerebrum by a trans¬ 
verse fissure. It functions to coordinate movement and pos¬ 
ture, The brain stem occupies the middle and caudal fossae 

of the floor ol the cranial vault and is continuous with the 
spinal cord. It contains the third and fourth ventricles. The 
thalamus, sub thalamus, hypothalamus, and epithalamus are 
components of the brain stem* The hypothalamus controls 
the hypophysis and thus the endocrine system. It affects be¬ 
havior, sleep cycles, temperature regulation, feeding and 
drinking behavior, and the autonomic nervous system (i.e., 
cardiovascular, respiratory, gastrointestinal, and urinary 

fun ct io ns), 

The major venous sinuses into which the veins of the 

r 

brain and its encasing drain are the basilar, paired transverse, 
confluens, and dorsal sagittal sinuses (Fig, 42-1). The loca¬ 
tions of the sinuses are generally used as borders for the var¬ 
ious surgical approaches to the brain. The middle meningeal 
artery is the largest of the meningeal arteries. Its branches 
leave at right angles and run both rostrallv and caudally, sup¬ 
plying the dura and adjacent portions of the skull (see Fig. 
42-1, A and C). The ethmoidal artery reaches the dura after 
passing through the ethmoidal foramen and running be¬ 
tween the cribiform plate and olfactory bulb (see Fig. 42-1, 
A and C). 


ANTIBIOTICS 


Therapeutic antibiotics are indicated in patients with open 
cranial trauma (e.g., bite wounds to the cranium, open skull 
fractures) or those undergoing craniotomy or craniectomy 
into a contaminated site (i.e., transfrontal). Use of prophy¬ 
lactic or therapeutic antibiotics, antibiotic selection, and 
dose and duration of therapy are determined by criteria 
listed in Chapter 10. Patients undergoing surgical manipula- 


NOTE • Be careful to avoid lacerating the dorsal 
sagittal sinus because this causes considerable hem¬ 
orrhage; fatal cerebral edema Is a common sequela 
due to poor cerebral venous outflow. 


TABLE 42-6 


Selected Anesthetic Protocol for Use During 
MR1 Procedures 


SURGICAL TREATMENT 


Surgical approaches to the cranial vault of dogs and cats are 
generally performed from the frontal (i.e., transfrontal), lat¬ 
eral (i.e., rostrotentorial, caudotentorial), or caudal (i.e., 
suboccipital) aspect of the skull. Pertinent osseous, venous, 
and arterial structures encountered during craniotomy/ 
craniectomy procedures are illustrated in Fig, 42-1, A to C 
The extent of a cranio to my/craniectomy is often determined 
by location of venous sinuses (i.e., dorsal sagittal sinus, 
transverse sinus). Location and ligation of the middle 
meningeal artery is required when approaching the lateral 


Pre medication 

Butorphanol: 0.2-0,4 mg/kg SC or IM; avoid using opi¬ 
oids in patients with increased intracranial pressures 

Induction 

Propofol: 4-6 mg/kg IV 

Maintenance 

Propofol: 0.4 mg/kg/min IV infusion (see Table 42-7) 
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FIG 42-1 

A, Lateral. 8, Caudal. 
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FIG 42-1, cant'd 

C, Frontal aspects of the skull illustrating important surgical landmarks. 


Rostrotentorial craniotomy/craniectomy exposes the 
cerebrum. It can be modified to allow increased exposure to 
the ventral aspect of the cranial vault and cerebral hemi¬ 
sphere by exposing and excising the zygomatic arch. Bilateral 
rostrate n to rial craniotomy allows simultaneous exposure of 
both cerebral hemispheres. Caudotentorial craniotomy/ 
craniectomy is performed when exposure of the caudal as¬ 
pect of the cerebral hemisphere or cranial aspect of the cere¬ 
bellum is indicated. It may be combined with suboccipital 
craniectomy to examine the cranial (eaudotentorial ap¬ 
proach) and caudal (suboccipital approach) aspects of the 
cerebellum. Traosfrontal craniotomy is indicated for limited 
exposure of the cranial aspect of the cerebral hemispheres 

discrete lesions of the olfactory bulb). This approach 
can be performed unilaterally or bilaterally and may be com¬ 
bined with rostra ten to rial craniotomy to facilitate exposure 
of the cranial aspect of the cerebral hemisphere (i.e., 
exposure of the rostral compartment of the cranial vault). 
Suboccipital craniotomy is indicated for exposure of the 
caudal aspect of the cerebellum. It can be combined with 


cerebral hemisphere. Removal of the zygomatic arch may fa¬ 
cilitate lateral and ventral exposure ot the cranial vault. 

Surgical Approaches 

Most craniotomies are performed with the patient in sternal 
recumbency. A head stand should be used to stabilize the 
skull in an elevated position. This minimizes pressure on the 
jugular veins, thus preventing cerebral venous congestion, 
impaired venous drainage, and edema, which increase in¬ 
tracranial pressure. This device should allow for adjustments 
in both height and rotational positioning (Fig. 42-2). 
Craniotomy/craniectomy approaches can be combined to 
improve exposure to various aspects ot the cerebral hemi¬ 
spheres and cerebellum. Selection ot a single approach or 
combination of approaches depends on the location of le¬ 
sion (Table 42-8), Generally, extensive lesions require a com¬ 
bination of approaches, while discrete lesions require a sin¬ 
gle approach. In some instances; however, discrete lesions 
require combined approaches if they are located at the mar¬ 
gin of the exposure provided by a given technique. 


(e.g 


- H 









1328 


PA RT V Neu rosu rgery 




\ 




V ' 1 


i 1 


FIG 42-2 

Head stand for intracranial surgery. Notice that the device allows for adjustments in height 
and rotational positioning. 


TABLE 42-8 


Surgical Approach or Combination of Approaches Based on Lesion Location* 


LESION LOCATION 


CRANIOTOMY APPROACH 


COMBINATION APPROACH 


Rostral cerebral hemisph 
Central cerebral hemisphere 
Caudal cerebral hemisphere 

Ventral cerebral hemisphere 
Right and left central cerebral 
Hemisphere; corpus 
callosum; third ventricle 
Olfactory bulb 
Rostral and rostrolateral 
cerebellar 
Caudal cerebellar 


Rostrotentorial or extended rostrotentorial or transfrontal 

Rostrotentorial 

Caudotentonal 

Extended rostrotentorial 

B i 1 ateraI rostratentoria 1 


Rostrotentorial and transfrontal 


Caudotentonal and suboccipitol 


Transfrontai 


Caudotentonal and suboccipital 


Suboccipitol 


*These are general guidelines. Because lesions of the brain may be quite extensive or very discrete,, alternate variations of the approaches 
listed may be required. 


protuberance {Fig. 42-3 , A ) . incise underlying supporting mus¬ 
cles of the ear and the fron to I is muscle to expose th e temporalis 
muscle. Incise the factoI attachment of the temporalis muscle 
along the external sagittal crest leaving enough dorsal fascia 
attached to facilitate closure. Subperiosfeally e/e vote the tem¬ 
porals muscle and reflect it ven trolly exposing the lateral as¬ 
pect of the skull (Fig, 42-3, BJ, Locate and mark the area 

skull to be removed by using a high-speed pneumatic drill with 
a 2- to 3”mm carbide burr and drill a hole at each corner of 
the proposed craniotomy/craniectomy {Fig . 42-3 1 Q. Use a 2- 
to 3-mm carbide burr and dri II a fro ugh connecti eg each mark . 
Drill to a depth that allows penetration to, but does not include, 
the inner periosteum/endosteum , Use bone wax to control 


caudotentonal craniotomy/craniectomy to gain access to the 
rostral and rostrolateral cerebellum 


NOTE * Unilateral transverse venous sinus occlu¬ 
sion can be safely performed in dogs. 


Rostrotentorial Craniotomy 

Position the patient in sternal recumbency and secure the head 
in a head stand (see Fig . 42-2). Incise the skin in an inverted 
U-shaped beginning at a point just caudal to the lateral can- 
thus of the eye. Curve dorsally to the external sagittal crest and 
then ven trolly to a point 1 cm ventral to the external occipital 
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Extended Rostrotentorial Craniotomy 

Make an inverted U-shaped skin incision beginning 1 cm dis¬ 
tal to the ex ter no I occipi tal p rofuberan ce. Extend it to th e dor¬ 
sal midline, along the external sagittal crest f over the frontal 
sinus to the lateral canthus of the eye and then curve 


hemorrhage from the craniotomy trough, Use a periosteal ele¬ 
vator or den tal spa tula an d eleva te the cran iotomy flap. Eith er 
replace the flap in the defect {re., perform a craniotomy} or 
discard it (re w perform a craniectomy), identify the middle 
meningeal artery and ligate it near its base using 5-0 monofil¬ 
ament absorbable suture (Fig. 42-3, DJ. If the artery is tom 
during craniotomy flap removal quickly isolate the vessel with 
suction and cauterize it with bipolar cautery or ligate it If the 
dura is not adherent to the craniotomy flap, tent it with, oph¬ 
thalmic forceps and incise it with a No. IJ scalpel blade. Intro¬ 
duce a fine oph thalm ic s cis s ors th rough th e inch ion and excise 
the dura to the same open ing s ize as the cron iotomy ; Make no 
attempt to preserve dura for closure; discard it after resection. 
Identify pertinent landmarks (e.g., sulci and gyri) to establish 
location of the lesion « Control arachnoid[ phi and parenchy¬ 
mal hemorrhage with bipolar cautery or thrombin soaked 
sponges. Lavage remaining brain tissue with warmed\ sterile 
physiologic saline solution. If the bone flop is replaced, drill 
1 or 2 h ales in each edge of th e bone flap and cran iotomy s ite. 

Use 22- to 24-gouge orthopedic wire or 0 to 2-0 nonab- 

so rbable man o filam ent s uture to secure the bon e flap to the os - 
teotomy site , Close temporalis muscle dorsally to its remaining 
dorsal fascial strip with 2-0 or 3-0 monofilament absorbabl 
simple interrupted sutures. Close subcutaneous tissues and skin 
ra utinely. 




ventrally 

to the zygomatic arch just caudal to the orbit (Fig. 42-4). In¬ 
cise the underlying supporting muscles of the ear and 

frontalis muscle, reflect them ventrally and expose the tem¬ 
poralis muscle and zygomatic arch . identify the rostral and 
caudal aspeds of the zygomatic arch and sever them with 
high-speed pneumatic drill and carbide burr ; incise the tem¬ 
poralis muscle from its dorsal, cranial, and ventral attach h 
meats . Subperiosteally elevate the temporalis muscle from its 
attachment to the skull and reflect it caudoventrally. Reflect the 
zygomatic arch ventrally with the masseter muscle (Fig. 
42-5) . Perform era n iotomy/cran iec to my as des cribed above. 
Discard the craniotomy bone flap or reattach it as described 
for rostrotentorial craniotomy. Reattach the zygomatic arch 

with 20 gauge orthopedic wire. Close temporalis muscle , 
subcutaneous tissues , and skin as described above . 


a 


NOTE * This '"extended 


exposure allows the 
craniotomy/craniecfomy to extend to the anatomic 
limits illustrated in Fig, 42-5, 


e 


Bilateral Rostrotentorial Craniotomy 

incise skin on the dorsal midiine of the cranium , beginning 
J cm caudal to the external occipital protuberance and con¬ 
tinue rostrally to a line drawn from the medial canthus of 
each eye. incise and reflect the underlying supporting 

des of the ear 


NOTE * The middle meningeal artery should be lo¬ 
cated and ligated near its base during this proce¬ 
dure, if possible. Cautery should be available for 

small bleeders in the arachnoid, pia, and brain 
parenchyma. 


mus* 

and frontalis and temporalis muscles (as de- 
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FIG 42-4 

For rostrotentorial craniotomy, make a U-shaped skin incision. Resect the zygomatic arch 
for extended exposure (see Fig. 42-5). 
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42- 6). Use Lempert or Kerri son upbiting rongeurs to carefully 
remove bone near the dorsal sagittal sinus. Examine the dor- 


fhed above for mstrofentorial craniotomy) bilaterally. Pen 


sen 


desert bed 


craniofomy/croniedomy bilaterally 

above but leave o 0.5- to 1,0~cm strip of bone 


form a 


as 


sal and lateral aspects of each cerebral hemisphere. Close 
the cronbtomy/craniectomy incisions as described above. 


the dor- 


over 


ai midline to prevent damaging the dorsal sagittal 


sinus (Fig. 
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For extended rostrotentorial craniotomy, 
resect and retract the zygomatic arch 


p 


sagittal 


Temporalis m 




I 


sinus 


retracted 


I 








































1332 PART V 


Net t rosu rge ry 


mafic process to the right zygomatic process , Then, cut the 
rostral transverse osteotomy of the level of the caudal one 
third of the nasal bone and connect the ends of each os¬ 
teotomy to comp fete the trapezoid shape bone plate (see Fig. 
42-8 , A}, Remove the bone plate and pack it in a saline mois¬ 
tened laparotomy pad. Identify the exposed frontal sinuses, 
internal table of the frontal bone , cribriform plate of the eth¬ 
moid bone, and ethmoturbinates (Fig. 42 8 f BJ. Pack off the 

ros ho I nasal opening with laparotomy pads , lavage the 
frontal sinus with sterile physiologic saline solution, and dis¬ 
cord any potentially contaminated instruments. Use a Lemperi 
rongeur to remove the ethmoturbinates and cribriform plate 
to expose the olfactory bulbs (see Fig r 42-8, Bj, Control hem¬ 
orrhage with an absorbable hemostatic agent Lavage the 
surgical site with sterile physiologic saline solution and wire 
the nasal bone plate in place with 24 gauge stainless steel or¬ 
thopedic wire or 2-0 or 3-0 nonabsorbable monofilament su¬ 
ture. Replace the muscle/subcutaneous tissue flap over the 
nasal bone and dose subcutaneous tissues and skin routinely 


NOTE * Be sure to leave a strip of bone along the 
midline to prevent damaging the dorsal sagittal sinus. 


Caudotentorial Craniotomy 

Perform caudotentorial craniotomy as described for rostroten- 
tonal craniotomy, except center the craniotomy flap further 
caudally to expose the caudal aspect of the cerebral hemi¬ 
sphere and rostral aspect of the cerebellum . Make the skin in¬ 
cision as described for rostrotentonal craniotomy but end the 
caudal aspect o f the inverted U, 2 to 3 cm distal to the exter¬ 
nal occipital protuberance , Expose the cranium similarly 
to that described above, except make the nuchal line and 
tro ns verse sinus the ca udal a spect o f the era n iotom v flap (Fiq. 

42-7). Close 

craniectomy. 


described for rostrotentoriol craniotomy/ 


as 


Transfrontaf Craniotomy 


Clip and surgically prepare the entire head from the nasal 
planum rostra/// to 

cure the head in a head stand (see Fig. 42-2). Make a semi¬ 
circular skin incision beginning at the rostral aspect of the left 

fee to a point even with the lateral can thus 


just behind the ears caudally Se- 


NOTE • Have an absorbable hemostatic agent 
available (see Suture Maferial/Special Instruments 

below). 


ear, cross 

of the right eye / and return to the midline to continue the in¬ 
cision on the dorsal midline to the midpoint of the nasal 
bones (Fig. 42-8, A ), Incise the underlying supporting 
cles of the ear ; frontalis muscle, and periosteum and reflect 
them to the left. Protect these tissues in a saline-moistened la- 


Modified Bilateral Transfrontal 
Sinus Craniotomy 

Modified bilateral transfrontalcraniotomy is indicated when 
both olfactory and frontal lobes require exposure, 

Pos iHon and as ep tico lly prepa re th e pa Hen f as des cribed for 
a bans fro ntal sinus cron iota my. Make a m id !fee s kin fed s ion 


parofomy pad until closure , Use on osteotome and mallet or 
oscillating saw and cut a bone flap to expose the frontal si¬ 
nus. Cut the caudal transverse osteotomy from the left zygo- 


Transverse venous 

sinus 


FIG 42-7 


Caudotentorial craniotomy allows exposure of the caudal cerebrum and rostral cerebellum. 
Notice the location of the caudal osteotomy relative to the transverse venous sinus. 
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frontal hone . Remove the internal table of the frontal bone 
and a portion of the ethmoturbinates with a rongver. identify 
the underlying meninges covering the olfactory bulbs and 
frontal lobes . Close the-defect as described for transfrontal 
sinus craniotomy above . 

Suboccipital Craniotomy 

Position the patient in sternal recumbency with the head 
flexed and secured in a head stand * if the lesion is in a lat¬ 
eral location, rotate the head 30 degrees with the affected 
side uppermost „ Incise skin on the dorsal midline from the ex¬ 
ternal occipital protuberance rostrolly to the caudal border 
of the dorsal spinous process of C2 caudally, Sharply dissect 
occipital and cervical spinal epaxial muscles to expose the 
occipital crest and dorsal spine of C2. Elevate muscle from 
the occipital bone with a periosteal elevator using the nuchal 
line as a landmark for lateral dissection. As periosteal dis¬ 
section approaches the nuchal line , identify the occipital 
emissary vein and protect or ligate it as 


from the caudal edge of he nasal bones at the level of the 
medial can thus of the eye caudally to the caudal extent of the 
frontal sinus. Extend the caudal margin of the skin incision to 
the junction of the median plane of the right and left fron¬ 
toparietal sutures (i.e., bregma landmark) (Fig, 42-9, A ) t Re¬ 
flect the underlying subcutaneous tissues, frontalis muscle, 
and periosteum laterally on each side of the incision. Elevate 

periosteum with a Freer periosteal elevator. Remove the 
diamond-shaped bone flap using an 

starting at the bregma landmark (Fig. 42*9, BJ. Angle the 

blade 20 to 30 degrees to make a bevel allowing easy 
and tight closure of the bone plate at the end of the proce¬ 
dure. Extend the bone cut rostrolaterally to the zygomatic 
process of the frontol bone and rostromedially to the junction 
of the nasal bones on rfie midline. Make a similar cut on the 


oscillating bone 


saw 


opposite side of the skull[ uniting the two bone incisions. Re¬ 
move the bone plate and wrap it in a saline-moistened 

Remove the diamond-shaped bone plate and iden - 


sponge. 

tify frontal sinus f ethmoturbinates , and internal table of the 


it exits the skulk Use 
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fig 42-a 

For transfrontol craniotomy, A, moke a semicircular skin incision a nd 
shaped osteotomy, B, The trapezoid bone flap has been removed. Notice the internal 
anatomy of the skull including the cribriform plate, frontal sinuses, ethmoturbinates, internal 
table or the frontal bone, and craniectomy site. 
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FIG 42-9 

For modified bilateral transfrontal 

craniectomy, A y make 

from the caudal edge of the nasal bones 


a m 


me incision 


at the level of the medial canthus of the 


eye caudally to the caudal extent of the 
frontal sinus. B, Remove a diamond- 
shaped bone flap using on osd 
bone saw. Then remove the internal 
table of the frontal bone and a portion 
of the ethmoturbinates using a rongeur. 


"9 


incision 


/■ 


iI n 

1111 


Osteotomy site 


i 




Olfactory bulbs 


self-re tat n f ng re trac to rs to facilitate exposure (Fig. 42-JO, A). 
Use a high-speed pneumatic drill and 2- fo 3-mnt carbide 

burr to drill a 1 -cm diameter opening in the central part of 
the exposed calvarium . Use rongeurs to remove necessary 
calvarium for lesion exposure (Fig. 42-10 , BJ. Control h 
orrfiage with thrombin-soaked gelatin sponge and lavage 
the surgical site with warmed, sterile physiologic saline solu¬ 
tion, Appose occipital and cervical epaxial muscles with sim¬ 
ple interrupted 2-0 or 3-0 monofilament absorbable suture 
and close subcutaneous tissues and skin routinely 


separates the cerebral cortex from overlying muscle. At 2 to 
3 months post opera Lively, the sealing membrane is strong 
[but without signs of ossification) and offers adequate pro¬ 
tection for underlying brain tissue. The temporalis muscle is 
adhered to the tissue membrane; however, normal brain tis¬ 
sue is separated from the neo-dura mater by a 
space containing small bridges of fibrous strands. 

The meningeal response to resected brain parenchyma is 

generally characterized by a nonsuppurative meningitis; 
brain tissue response is a nonsuppurative encephalitis, A re¬ 
duction in the size of the surgically created defect is initially 
caused by deviation of remaining brain parenchyma into the 
surgical site. Later, this area becomes occupied by a web of fi¬ 
brous connective tissue, blood vessels, and glial scarring. 


em- 


CSF-filled 


limited by the fol- 


NOTE * The extent of exposure 
lowing anatomic landmarks; confluens sinus dorsally 
[external occipital protuberance), transverse sinuses 
laterally [nuchal line), and ventral occipital sinus ven- 
Ira I ly t foramen magnum) (see Fig. 42-10, B). 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Microsurgical or ophthalmic instruments including micro¬ 
curettes, microneedle holders, microscissors, and microfor- 

ceps are invaluable when manipulating dura and brain tis¬ 
sue. Two- or three-power optical loupes or telescopes 
obviate identification of tissue planes, small vessels, and 
tumor-normal tissue interfaces. Pediatric brain spatulas 
(Paton Double Spatula, Storz Instrument Company, St. 
Louis, Mo.) are used to gently retract brain parenchyma 
when attempting to expose masses deep to the brain surface. 
A high-speed pneumatic drill with assorted size burrs is nec- 


HEALING OF THE BRAIN 


Within I month after craniotomy and bone flap replace¬ 
ment, the flap becomes stable. Occasionally, the flap is 
slightly depressed (1 to 2 mm). Healing of the osteotomy 

sites is characterized by fibroplasia and osteoplasia. If dura is 
replaced during surgery, il becomes thickened and adheres 
to the bone flap and underlying brain. 

Within 6 to 8 weeks after craniectomy, defects are covered 
with a dense connective tissue membrane that completely 
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FIG 42-10 

For suboccipitol craniotomy, A, elevate the occipital and cervical 

and retract them to expose the caudal aspect of the calvarium, B, The extent of exposure 

provided by suboccipital craniotomy is determined by the confluens sinus dorsaJly (external 

occipital protuberance), transverse sinuses laterally (nuchal line), and ventral occipital sinus 
ventrolly (foramen magnum). 


spinal epaxial muscles 


essary to perform a craniotomy/craniectomy. Various sizes 
and types of rongeurs (e.g„ Lempert, Kerr iso n, Ruskin) 
used to create and extend eran iotomy/craniectomy defects 
(see p, 39), Small Frazier suction tips ( 
trollable degree of suction 


adequate hemostasis during removal of the bone flap and 
manipulation of brain parenchyma. Surgical lasers and ul¬ 
trasonic aspirators facilitate atraumatic removal of abnor- 
tissue; high cost generally limits their availability. Small 
vessel ligation and dural retraction require the use of 5-0 and 
6-0 mo noli lament absorbable and nonabsorbable suture. 


are 


i 


see p, 38) 

are used to remove neoplastic tis- 
(e.g., epidural, subdural, and subarach¬ 
noid); provide visualization during active hemorrhage; and 
facilitate hemostasis. Monopolar electrocautery provides he¬ 
mostasis during the approach to the calvarium. Lint-free 
cottonoid sponges (Weck-cef Edward Week and Co 
Durham, N.C); thrombin-soaked sponges (Johnson and 

wax (Ethicon, Inc 


a con- 


sue and hematomas 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Patients should be extuba ted and recovered in a 24-hour in¬ 
tensive care facility for the first 3 to 5 days postoperative!y. 
Blood gas analysis should be performed to evaluate ventila¬ 
tion and oxygenation, and oxygen should be supplemented 




f oh n so n, A rli n g to n, 

Somerville, MX); and bipolar cautery are used to 
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hemorrhage, and infection. The most commonly reported 
long-term complication is recurrence of resected neoplastic 

tissue. 


!, TABLE 42-9 


Postoperative Analgesics* 


SPECIAL AGE CONSIDERATIONS 


Oxymorphonef (Numorphon) 

0,05-0,1 mg/kg, IV, IM, or subcutaneous (SC], every 4 
hours (as needed) 

ButorphcmoE {Torbutrol, Torbugesic) 

0.2 0,4 mg/kg, IV, IM, or 5C, every 2 to 4 hours (as 

needed) 

Buprenorphine (Buprenex) 

5-15 pg/kg, IV or IM, every 6 hours (as needed) 


Brain tumors (see p. 1340) are most common in older pa¬ 
tients that tend to have a greater incidence of dural adhe¬ 
sions to the endosteal surface of the calvarium. 


Suggested Reading 


Bagiev RS el al: Clinical effects ot longitudinal division of the cor¬ 
pus callosum in normal dogs, Vet Surg 24:122, 1995, 

Dewey CW, Budsbcrg SC, Oliver JE fr: Principles of head trauma 
management in dogs and cats—part 31, Compend Cant Educ 

Pract Vet 15:177, 1993, 

Niebauer GW, Dayrell-Hart BL, Specials J: Evaluation of cran¬ 
iotomy in dogs and cats, J Am Vet Med Assoc 398:89, 1991. 
Shores A: Instrumentation for intracranial surgery, Prog Vet Neurol 
2:175, 1991. 

Shores A: Use of an ultrasonic aspirator in intracranial surgery: 

technique and case reports, Prog Vet Neurol 2:89, 1991. 

Sorjonen DC et ah Radical cerebral cortical resection in dogs, Prog 
Vet Neurol 2:225, 1991. 


fUse 0.05 mg/kg in cats 

* NOTE: if sedation is undesirable, butorphanol or buprenorphine 
would be better choices than oxymorphone. 




TABLE 42-10 


Postoperative Corticosteroid Therapy 


Dexam ethos one (Azium) 

0.25-0.5 mg/kg SC bid; then taper by cutting the dose in 
half each day over a 2- to 3-day period 




SPECIFIC DISEASES 






HEAD TRAUMA 


as needed. Analgesic medication should be provided (Table 
42-9). Preoperative anticonvulsant therapy should be con¬ 
tinued postoperative!/ or instituted at this time. Corticos¬ 
teroids may be continued for a variable duration, based on 
neurologic status (Table 42-10). Antibiotic therapy is de¬ 
pendent on the type of injury, procedure performed, surgery 
time, and patient status (see above). Diuretics should be 
considered in patients that develop deteriorating neurologic 
signs immediately postoperative!ly. Serial neurologic exami¬ 
nations should be performed two to three times daily (or 
more frequently, depending on patient status) tor the first 
2 to 3 days. Stuporous or comatose patients should be placed 
in a padded oxygen cage, turned every 2 to 3 hours until 
alert, monitored for seizure activity, and given two-thirds 
maintenance fluids intravenously Alert or obtunded (i.e„ 
depressed) patients should be placed in a padded cage, mon¬ 
itored for seizure activity, and repeatedly examined tor neu¬ 
rologic abnormalities. After discharge from the hospital, 
patients should be scheduled for routine follow-up exami¬ 
nations at various intervals, depending on patient status and 
the specific disorder. Reevaluations may include neurologic 
examination, survey skull radiographs, computed tomogra¬ 
phy (CT) scan, MRI, alteration of anticonvulsant therapy 
adjunct therapy (e.g., chemotherapy, immunotherapy radi¬ 
ation therapy), and/or postmortem examination. 


DEFINITIONS 


Severe head trauma generally results in brain ischemia, 
edema, hemorrhage, and hypoxia. Ischemia is caused by dis¬ 
ruption and mechanical obstruction of small blood vessels 
in the traumatized area. Brain edema is caused by intracel¬ 
lular accumulation of sodium, chloride, and water and es¬ 
cape of fluid into the extracellular space. Intracranial hem¬ 
orrhage may be epidural, subdural, subarachnoid, or 
parenchymal. Epidural hemorrhage is accumulation of 
blood between the skull and dura mater, while subdural 
hemorrhage is accumulation of blood between the dura 
mater and arachnoid membrane. Subarachnoid hemor¬ 
rhage is accumulation of blood between the arachnoid 
membrane and pi a mater and intra parenchyma! hemor¬ 
rhage is accumulation of blood within brain parenchyma. 
Ischemia, edema, and intracranial hemorrhage combine to 
cause tissue hypoxia and increased intracranial pressures. 


SYNONYMS 


Craniocerebral trauma , brain trauma, cranial trauma , head 
itiju ry } i n tra eran ia 11 ra u m a 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


COMPLICATIONS 


The most common cause of head trauma in dogs and cats is 
motor vehicular accidents. Other less common causes in¬ 
clude penetrating wounds (e.g., gunshot wounds, bite 
wounds), falls, and kicks. Because cats and dogs have a rela- 


Reported complications associated with craniotomy crani¬ 
ectomy and brain parenchymal resection include uncontrol¬ 
lable brain swelling, deterioration of neurologic signs, in¬ 
creased intracranial pressure, seizures, brain herniation, 
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or MRl should be considered for optimal assessment of pa¬ 
tients with head trauma. CT provides an excellent view of 
the skull and can be used to diagnose subtle skull fractures. 
CT and MRI allow differentiation of soft-tissue structures 
and provide an exact location of intracranial hemorrhage. 


tively thick calvarium and protective musculature covering 
the brain, severe trauma is generally necessary to cause clin¬ 
ically significant brain injury, although seemingly minor 
Trauma will occasionally be responsible. Greater than 50% of 
head trauma patients have associated injuries referable to the 
pulmonary system (e.g., pulmonary edema, contusions, 
hemorrhage, pneumothorax). Other major concurrent in¬ 
juries include spinal cord trauma, pelvic fractures, traumatic 
myocarditis, and facial fractures (i.e., maxillary and man¬ 
dibular). Reaction of the brain to trauma can be viewed as a 
four-stage, self-propagating process. Ischemia and extravasa¬ 
tion of blood in the damaged area disrupt cell-membrane 
integrity by release of pathologic free radicals. Resulting in¬ 
creases in extracellular potassium and bicarbonate causes 
transport of water into brain cells (brain edema). Cellular 
swelling increases ischemia and hypoxia that, in turn, pro¬ 
duce additional brain ceil swelling. Edema in the involved re¬ 
gion and accumulation of blood increases intracranial pres¬ 
sure, decreases perfusion pressure, and further spreads the 
area of ischemia. 


NOTE * Survey radiographs are not helpful in 
identifying intracranial trauma (e.g., hemorrhage, 
contusion) and skull fractures may be difficult to iden¬ 
tify unless they are depressed. 




Laboratory Findings 

Laboratory findings in patients with head trauma are non¬ 
specific, Patients with significant pulmonary pathology may 
show evidence of hypoxia on blood gas analysis. 


DIFFERENTIAL DIAGNOSIS 


Patients with head trauma must be differentiated from those 
with intracranial lesions causing ischemia, edema, hemor¬ 
rhage, hypoxia, and increased intracranial pressure. Differ¬ 
ential diagnoses include neoplasia, abscess, congenital 
malformations (e.g., arteriovenous malformations, hydro¬ 
cephalus), encephalitis (e.g., viral, granulomatous menin¬ 
goencephalitis [GME]), and vasculitis (e.g., feline infectious 
peritonitis [PIP], Rocky Mountain spotted fever, ehrlichio¬ 
sis, immune mediated). 


DIAGNOSIS 

Clinical Presentation 

Signal merit* Head trauma may occur in dogs and cats 
of any age but is most common in young animals, there is 
no breed or sex predisposition. 

History* The majority of patients are presented with a 
history of trauma. The animal s state of consciousness is 

generally altered to some degree (i.e,, it is depressed, ob- 
tunded, stuporous, or comatose [see p. 1193]) 5 and associ¬ 
ated respiratory distress is common. 

Physical Examination Findings 

Patients with head trauma should have careful and repeated 
neurologic examinations (see p. 1193) to assess location and 
degree of intracranial damage. Because the majority of head 
trauma patients have respiratory system injuries, careful aus¬ 
cultation is needed. Dogs with significant thoracic trauma 

should be examined frequently for delayed-onset cardiac ar¬ 
rhythmias due to myocardial contusion. Careful physical ex¬ 
amination for associated skeletal injuries (e.g., appendicular 
and spinal) should also be performed. 

Radiography/Ultrasonography 

Thoracic radiographs of animals with head trauma should 
be carefully evaluated for pulmonary edema, hemorrhage, 
contusion, and/or pneumothorax. Survey skull radiographs 
may help evaluate patients with suspected skull fractures. 
Skull fractures may appear as fine radio lucent lines, de¬ 
pressed segments of bone, or radiodense lines if fracture 
fragments overlap. Although these radiographic findings are 
indicative of brain trauma, intracranial hemorrhage and 
brain contusion may occur in the absence of skull fractures. 
Routine skull radiographs should include lateral, ventrodor¬ 
sal (or dor so ventral), and lateral oblique projections. Be¬ 
cause intracranial space-occupying lesions secondary to 
trauma (intracranial hematomas) cannot be seen on survey 
skull radiographs, alternative imaging methods such as CT 


MEDICAL MANAGEMENT 


Treatment of head trauma patients is based on presenting 
neurologic signs, serial neurologic examinations, neu- 
roanalornie location of the lesion, and nature of the in¬ 
tracranial injury (e.g., hematoma or parenchymal hemor¬ 
rhage). Patients with a mildly altered consciousness (i.e., 
they arc depressed or obtunded) are treated medically re¬ 
gardless of lesion location or nature. Those with a moder¬ 
ately to severely altered consciousness (i.e., they are stu¬ 
porous or comatose) should initially be treated medically 
and the lesion localized by CT or MRL If the lesion is lo¬ 
cated in an area amenable to surgical decompression (i.e., 
through craniotomy/craniectomy) and is removable (e.g., 
hematoma, fracture fragment), surgical intervention 
should be considered. Depressed skull fractures warrant 
surgical decompression by fracture reduction or fragment 
removal plus medical therapy. If the lesion is located in an 
area that is not surgically accessible, such as the brain stem, 
or not removable, as with parenchymal hemorrhage, med¬ 
ical therapy should be continued; craniectomy should 
be considered because it may help decrease intracranial 

pressure. 

Medical management is directed at reversing brain 
edema, hypoxia, ischemia, and increased intracranial pres¬ 
sure and preventing infection. Drugs used to treat patients 
with head trauma are listed in Table 42-11. Generally, pa¬ 
tients admitted with severe head trauma (i.e., they are stu¬ 
porous or comatose) should be treated initially with shock 
doses of fluids, m ethyl predn i solo n e sodium succinate, and 
furosemide (see p. 1323). The animal should be placed in an 
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initial and serial neurologic examinations establish neu- 
roanatomic localization and patient status, respectively. Pa¬ 
tients with severe neurologic deficits or with a deteriorating 
neurologic status after initial medical therapy should have CT 
or MRI to establish the presence, location, and size of the in¬ 
tracranial mass. If a surgically treatable mass exists, surgical 
decompression should be considered. If surgery is not indi¬ 
cated, medical management with steroids, diuretics, oxygen, 
antibiotics, anticonvulsants (phenobarbital), and two-thirds 
maintenance fluid therapy should be continued. If the patient 
is unresponsive or continues to deteriorate, barbiturate and 
hyperosmolar diuretic therapy (e.g., mannitol) may be con¬ 
sidered (see Table 42-11). Barbiturate therapy requires exten¬ 
sive supportive care (cardiovascular, ventilatory, and renal) 
but may decrease free radical formation, maintain endothe¬ 
lial integrity, and decrease intracranial pressures. Mannitol 
therapy in patients with head trauma is controversial There 
is some suggestion that furosemide, administered 20 minutes 
after mannitol, may potentiate mannitol’s anti-edema effect. 
However, if hemorrhage has occurred subsequent to the 
trauma, mannitol may leak from the vasculature and draw 
water with it, potentially increasing the overall mass effect 
and causing acute neurologic deterioration. Thus the deci¬ 
sion to treat head trauma patients with mannitol is difficult. 


oxygen-rich environment (e.g,, oxygen cage, nasal oxygen, or 
ventilator) and seizures should be controlled with anticon¬ 
vulsants (Table 42-12). Diazepam IV should be used ini¬ 
tially; however, pentobarbital may be given if necessary (see 
Table 42-12). If the patient sustained an open head wound 
or open skull fracture, therapeutic antibiotics (e.g., cefazolin 
IV at anesthetic induction and 6 hours after surgery [SC], 
then cephadroxil for 5 to 7 days [PO] after surgery ) should 
be initiated (see Table 42-11). If the patient is old (greater 
than 10 years), debilitated, has an associated crush injury, or 
will have surgery lasting greater than 90 minutes prophylac¬ 
tic antibiotics (e.g., cefazolin IV at anesthetic induction and 
every 8 hours for 24 to 36 hours) should be considered. 


I TABLE 42-1 1 


Drugs Used to Treat Patients with Intracranial Trauma 


Methyl prednisolone sodium succinate (Solu Medrol) 

30 mg/kg IV once; repeat in 6 hrs 

Dex am ethos one sodium phosphate (Axium SP) 

Initial dose: 1-2 mg/kg [V once or twice 
Maintenance dose: 0.25 mg/kg PO tid; tapered over 4 7 
days as needed 

Prednisone 

1-2 mg/kg PO bid; tapered over 4-7 days as needed 

Furosemide (Lasix) 

2,2-4.4 mg/kg IV 

Mannitol (Osmitrol) 

0,5-1 g/kg at 2 ml/min SV 

Cefazolin (Ancef, Kefxol} 

20 mg/kg IV tid 

Cephadroxil (Cefa-Tabs) 

10- 30 mg/kg PO; tid 


SURGICAL TREATMENT 


The aim of surgical treatment in patients with head trauma is 
decompression via mass removal (e.g., hematoma removal, he¬ 
mostasis, fracture reduction) to reduce intracranial pressure. A 
prerequisite to performing intracranial surgery is accurate lo¬ 
calization of the offending mass with CT or MRI. Indications 
for surgical intervention include severe neurologic deficits, de¬ 
teriorating neurologic status, unacceptable response to medical 
management, and presence of a surgically removable intracra¬ 
nial mass (e.g., hematoma or fracture vs. parenchymal hemor¬ 
rhage). It has been suggested that 100% of patients with severe 
cranial trauma have some degree of intracranial hemorrhage. 
Subdural and subarachnoid spaces are relatively common 
anatomic locations of intracranial hemorrhage in dogs and 
cats. Although the current mortality rate of patients with se¬ 
vere head trauma is high, accurate localization via CT or MRI 
and early aggressive surgical decompression via craniotomy or 
craniectomy may improve patient outcome. 




fgl TABLE 42-12 


Anticonvulsant Therapy 


NOTE • Accurate localization of the brain lesion 
with CT or MRI is mandatory prior to surgery. 


Diazepam (Valium) 

Dogs: 5-20 mg IV 
Cats: 5 mg IV 

Give every 5 to 10 minutes if effective (maximum of 3 
doses) 

Pentobarbital 

5-15 mg/kg IV to effect until seizure activity stops 

Phenobarbital 

0.5 mg/kg* PO bid to tid 


Preoperafive Management 

Patients should generally be treated with corticosteroids, di¬ 
uretics, anticonvulsants, oxygen supplementation, antibi¬ 
otics (if indicated), and two-thirds maintenance fluids on 

admission and prior to surgery (see p. 1322). Thoracic 
radiographs should be taken to detect concurrent pul¬ 
monary edema, contusion, hemorrhage, and/or pneumoth¬ 
orax, and an electrocardiogram should be performed to 
evaluate the patient for traumatic myocarditis. 


* Adjust dose based on serum phenobarbital concentrations. 
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tissue with suction. Because the dura and arachnoid are 

ily torn during surgical manipu - 


Anesthesia 

Anesthetic management of patients undergoing brain sur¬ 
gery is provided on p. 1323. Recommended protocols for 
animals undergoing MR! procedures are included in Table 

42-6 on p. 1324, 

Surgical Anatomy 

See p* 1324 for surgical anatomy of the brain. 


generally fragile and eas 
lotion do not attempt to close them . After the hematoma is 
pletely removed and dural arachnoidal and paren- 

trolled, irrigate the surgical field 


com 

chymal hemorrhage con 
with v/armed , sterile physiologic saline solution and close 

as described on p. 1330 . 


Skull Fractures 


Expose the skull fradure by careful periosteal elevation of 

overlying muscles as described on p. 1330. Take care to 

avoid accentuating a depression fracture during exposure. 
Use a dural hook to carefully elevate the depressed fragment 
of bone a way fro m the un 

meats and examine underlying dura , arachnoid , and brain 
parenchyma for hemorrhage . If an 

subarachnoid hematoma is seen f evacuate the hematoma 

described above. Make no at- 


Positioning 


Patients undergoing cranial surgery lor head trauma are 
generally positioned in ventral recumbency with the head 

stabilized in 


a specially designed head stand (see p. 1327 and 
Fig. 42-2). Head rotation is varied depending on desired sur¬ 
gical approach. 


dedying brain . Remove bone frag 


epidural, subdural , or 


SURGICAL TECHNIQUES 


d control hemorrhage as 

tempt to replace fracture frogmenfs. 


A craniotomy/craniectomy approach or combination ot ap¬ 
proaches that allows adequate visualization of the intracra¬ 
nial hematoma or calvarial fracture should be selected. If 
bone fragments are present and depressed greater than the 
thickness of the skull, surgical decompression via fracture 
reduction or hone fragment removal is recommended. Pre¬ 
operative CT or MRI is recommended to assess possible in¬ 
tracranial hemorrhage. 


an 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Special instruments recommended for reduction of skull 
fractures or removal of epidural, subdural, and subarach¬ 
noid hematomas are listed and described on p. 1334. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Epidural Hematomas 

Gently lift off the calvarium and expose the hematoma. 
Carefully manipulate the hematoma with a brain spatula 

and suction un 

ize dural bleeders with bipolar cautery or use thrombin- 
soaked sponges and suction . After the hematoma is com¬ 
pletely removed and dural hemorrhage controlled, irrigate 
the surgical field with sterile physiologic saline solution and 
close as described on p. 1 330 , 

Subdural Hematomas 

Gently lift off the calvarium and expose the discolored dura 
(e.g w deep-red to purple-blue liquid, black f, crankcase oil/' or 

black "jellyI ike" consistency) covering the brain. Incise dura 
along the entire length of the hematoma and gently separate 
it from the underlying hematoma.. Use a brain spatula (see 
1334) and suction to carefully separate the hematoma from 

dying dura and underlying arachnoid membrane. 
Cauterize small vessels with bipolar cautery or encourage co - 
agulation with thrombin soaked sponges . Do not attempt to 
close the dura because it is fragile and generally tears during 
surgical manipulation, After the hematoma is completely re¬ 
moved and dural arachnoid, and parenchymal hemorrhage 
ntrolled, irrigate the surgical field with warmed , sterile phys¬ 
iologic saline solution and close as described on p. f 3JO, 

Subarachnoid Hematomas 

Gently remove 

noidand purplish discoloration of the contused brain. In¬ 
cise dura and arachnoid along the entire length of the 
hematoma. Remove any visible clots and pulpified brain 


Patients should be recovered in a padded cage in a critical 

facility and given analgesics, anticonvulsants, corticos¬ 
teroids, diuretics, antibiotics, and oxygen supplementation 
as needed based on serial neurologic examinations. Dis¬ 
charge from the hospital depends on patient status and 
owner compliance (see p. 1336). Patients should be sched¬ 
uled for reevaluation at various intervals after surgery at 1,3, 
6, and 12 months post-injury, depending on their condition. 
Procedures performed during reevaluations may include 

logic examination, skull radiographs, CT, MRI, and/or 


til if separates from underlying dura. Cauter- 


ca re 


n e u ro 

alteration of anticonvulsant therapy. 


PROGNOSIS 


Prognosis for patients with head injury depends on severity 
of neurologic deficits (i.c\, severity of injury), size of the in¬ 
tracranial hematoma, rapidity of hematoma development, 
ability to accurately localize the compressive mass, and tim¬ 
ing of medical and surgical treatment. Patients with mild 
neurologic deficits admitted, within 4 to 8 hours post-injury 
and managed with appropriate medical therapy have a fa¬ 
vorable prognosis, whereas those with severe neurologic 
deficits have a guarded prognosis, despite appropriate med¬ 
ical therapy and early surgical decompression. 


P- 


the ove 


co 


NOTE * If the prognosis for patients with severe 
head trauma is to improve, a rapid and aggressive 
pproach utilizing state of the art diagnostic, med¬ 
ical, and surgical techniques must be employed. 


the calvarium to expose the dura,, arach- 


a 
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GENERAL CONSIDERATIONS 

AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


Suggested Readin 


Dewey CW, Budsberg SC, Oliver )E: Principles of head trauma 
management in dogs and aus-Part I, Comp Cent Educ Prnct Vet 


I he incidence of intracranial neoplasia in dogs is approxi¬ 
mately 14,5 per 3 00,000* The most common primary tumors 
in dogs are meningiomas and gliomas (be, astrocytomas, 

oligodendrogliomas) (Table 42’ 13). Intracranial 


14 : 199 , 1992 . 


Dewey CW, Budsberg SC.-, Oliver JE: Principles of head trauma 

management in dogs and cats-Part 11, Comp Coni Educ Pract Vet 
15:177,1993, 

Dewey CW et al: Acute traumatic intracranial heamorrhage in dogs 
and cats: a retrospective evaluation of 23 cases. Vet Comp Orthop 

Trauma 6:153* 1993* 


menin¬ 


giomas occur more commonly than spinal meningiomas in 

dogs and cats* Meningiomas in dogs are generally solitary 

and most frequently occur in the frontal lobes, falx cerebri, 
and cerebellopontine 

frequently diagnosed primary intracranial tumors in dogs* 
They usually occur i 

behavior, and location of canine and feline primary in¬ 
tracranial tumors are listed in Table 42-14* 

The incidence of intracranial neon 


Dewey GW, Downs MO, Crowe DT: Management of a dog with an 
acute traumatic subdural hematoma, J Am Anirn Hasp Assoc 


angle. Gliomas are the second most 


29:551, 1993. 


the cerebrum. Tumor type, biologic 


in 


Hopkins AL, Wheeler SJ: Subdural hematoma in a dog, Vet Surg 
20:413, 1991* 


Niebauer GW, Dayrell-Hart BL, Speciale I: Evaluation of 
iotorny in dogs and cats, j Am Vet Med Assoc 198:89, 1991. 
Shores A: Use of an ultrasonic aspirator in intracranial surgery: 

repo rt s. Prog Vet Neu rol 2:89, 1991* 


c ra n. - 


in cats is approx¬ 
imately 3,5 per 100,000, The most common primary brain 
tumor in cats is meningioma. Feline meningiomas are gen¬ 
erally solitary; however, multiple tumors are diagnosed more 
frequently in cats than dogs* They are most commonly lo¬ 
cated over the cerebral hemispheres. Slow tumor growth of 

feline meningiomas accounts for the insidious onset of clin¬ 
ical 


technique and 

Shores A: Instrumentation for intracranial surgery, Prog Vet Neurol 


2 : 175 , 1991 . 


Sorjonen DC et al: Radical cerebral cortical resection in dogs, Prog 
Tet Neu rot 2:225, 199 L 


signs* Primary brain tumors other than meningiomas 
rarely occur in cats. Tumors that have been reported include 
gliomas* lymphoma, olfactory neuroblastoma, and ganglio- 


NEOPLASIA 


DEFINITIONS 


ABLE 42-13 


Brain tumors may be classified as primary (originate from 
neural tissues) or secondary (invade the brain via local 
vasion or hematogenous metastasis). Astrocytomas are pri¬ 
mary brain tumors that arise from neuroglial cells, whereas 
meningiomas are derived from 1 eptomeningocytes. 


Most Common Brain Tumors 


in- 


P rimary 

Dogs: Meningiomas, gliomas 

Cats: Meningiomas 

Sec ond a ry 

Dogs: Nasal adenocarcinoma, mammary adenocarci¬ 
noma, prostatic adenocarcinoma, pulmonary adenocar 
cinoma 

Cats: Sauamous cell carcinoma, osteosarcoma/osteo¬ 
chondroma, pituitary adenoma, metastatic carcinomas 


SYNONYMS 


Fo r ast ro cy to m a: p ol a r spo ng i o bl as to tna, as tro blast on i a , 
glioblastoma mu inform e y pilocytic astrocytoma 


TABLE 42-14 


Behavior of Canine and Feline Primary Intracranial Neoplasm 


NEOPLASM 


SPECIES BIOLOGIC ACTIVITY 


COMMENTS 


Meningioma 


Canine 


Locally infiltrates brain parenchyma 
Has a moderate growth rate 
1 8 % to 2 7% m eta sta s i ze 
Local growth; rarely metastasizes 
Well-defined demarcation between tumor 
and brain parenchyma 

Locally infiltrates brain parenchy 

Extracranial metastasis is rare 


Most common Intracranial neoplasm 
Generally solitary 

Located in cerebrum 
Most common intracranial neoplasm 
Generally solitary 
Located on cerebral convexity 
Slow growth rate 
Second most common intracranial 

Located in cerebrum 


Feline 


loma 


Gliomas 

Astrocytomas 

Oligodendrogliomas 


Canine 


rna 


neoplasm 
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cytomas. The most common secondary brain tumors in 
dogs and cats are listed in Table 42-13. 

DIAGNOSIS 

Clinical Presentation 

Signal merit, Brain tumors occur in dogs of any age 
or breed; however, most affected dogs 
5 years of age. Certain breeds have a higher incidence of spe¬ 
cific tumors (e.g«, brachycephalic breeds arc predisposed to 
astrocytomas, dolichocephalic breeds are more likely to de¬ 
velop meningiomas). Breeds most commonly affected 
listed in Table 42-15. Sex predilection has not been well 
tablished, but it appears that astrocytomas are more common 
in male dogs and meningiomas in female clogs. The average 
age of cats with meningioma is 12 years (range 5 to 17 years). 
A sex pred ilection has not been deft n i t ively idenrified; how- 
ever, there are some reports that suggest a higher incidence in 
male cats. All breeds of cats appear to be affected by 
giomas, although domestic shorthairs may be predisposed. 

History, Historical findings in dogs and cats with brain tu¬ 
mors include subtle to overt altered behavior (e*g,, hiding, per¬ 
sonality' changes, lethargy, disorientation, aggressive behavior); 
seizures; impaired vision; weakness (e.g., tetra-, mono-, herni-, 
para-paresis); or altered consciousness (e.g., depressed, ob- 


tunded, stuporous, or comatose). The severity of clinical signs 
depends on tumor location, size, invasiveness, and growth rate. 

Physical Examination Findings 

Abnormal physical examination findings associated with 
brain neoplasms include weight loss despite normal appetite, 
hyporexia, decreased thirst, and/or bradycardia. They may 
occur alone or in conjunction with neurologic abnormalities. 
Common neurologic abnormalities include seizures; 
locomotor disturbances; cranial nerve abnormalities, 
dally cranial nerves V and VII; visual deficits; hearing loss; al¬ 
tered stares of consciousness; and head pressing. Neurologic 
signs are generally accurate enough to establish focal 
roanatomic localization of the tumor (see Table 38-5), al¬ 
though some animals with masses have no localizing cranial 


, sex 


are greater than 


circling; 


es p e - 


are 


es- 


neu- 


menm- 


TABLE 42-15 


Breeds of Dogs Predisposed to Brain Tumors 


Boxers 

Golden retrievers 

Doberman pinscher 

Scottish terriers 
Old English sheepdogs 


or 


TABLE 42-16 


Characteristic Neurologic Findings Associated with Intracranial Lesions in Various Regions of the Brain 


REGION OF THE BRAIN 


EXPECTED NEUROLOGIC FINDINGS 


Forebrain 

Cerebral cortex 

Thalamus 


Seizures 

Head pressing 

Personality changes 

Circling to the side of the lesion 

Visual deficits on the opposite side of the lesion 

Motor deficits on the opposite side of the lesion 

Conscious proprioceptive deficits on the opposite side of the lesion 
Facial palsy on the opposite side of the lesion _ 

Cranial nerve deficits 
V-loss of facial and ocular sensation 
VIMoss of blink, sagging of the lip 
Vfll-head tilt, nystagmus, ataxia 
Altered state of 


Brain stem 


conscfousness 
Depression, stupor, coma 


Vestibular-Centra! 


Brain stem signs 
Ata x i a 

Nystagmus 

Head tilt to the side of the lesion 


Vestibular-Periphera 


No brain stem signs 

Ataxia 

Nystagmus 

Head tilt to the side of the lesion 

Horner s syndrome 

Ataxia 
Dysmetria 
Intention tremor 

Wide-based stance 


Cerebellum 
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DIFFERENTIAL DIAGNOSIS 


nerve deficits* Characteristic neurologic signs of focal in¬ 
tracranial lesions affecting the forebrain, cerebellum, brain 
stem, and vestibular systems (peripheral and central) are pro¬ 
vided in Table 42-16. Clinical severity and progression of 
neurologic signs appear to correlate with survival in dogs 

with brain tumors; in general, compromised patients with 
rapidly progressive signs have a shorter survival 

Radiography/Ultrasonography 

Skull radiographs are generally noncontributory to the dif¬ 
ferentiation or localization of primary intracranial neo¬ 
plasms. Exceptions include hyperostosis of the calvarium 
(e.g., with feline meningiomas), invasion of the calvarium by 
an intracranial neoplasm causing erosion or complete dis¬ 
ruption of the calvarium (e.g., with feline meningiomas), in¬ 
vasion of the calvarium and brain by local extension (e.g., 
wit h sk u 11 os t eo sa rco m a s, n a sa I ad eno ca reinom a s, s qua in o u s 
cell carcinomas of the middle ear), and calcification or min¬ 
eralization of the intracranial neoplasm (e.g., with feline 
meningioma). In cats, hyperostotic calvarial lesions are gen¬ 
erally adjacent to the meningioma. Because definitive therapy 
(e.g., surgery chemotherapy, radiation therapy, bu¬ 
rn unotherapy) requires knowledge of preciseanatomic Ioca¬ 
tion, size, and histologic type of the intracranial neoplasm, 
preoperative CT or MRI are usually necessary. These imaging 
techniques provide information necessary to determine 
treatment options. Advances in MRI imaging of intracranial 
neoplasms may eventually allow determination of histologic 
tumor type and render biopsy unnecessary Patients with 
suspected metastatic intracranial neoplasia should have tho¬ 
racic and abdominal radiographs and abdominal ultrasonog¬ 
raphy in aii attempt to identify the primary tumor. 

Laboratory Findings 

Results of hematologic and biochemical testing are generally 
normal Occasionally, an elevated blood urea nitrogen 
(B U N) a n d crea i in in e a re o bs er v ed in ge riat ri c p ati ents, Cats 
suspected of having intracranial neoplasia are usually feline 
leukemia (FeLV) negative. CSF analysis should be performed 
in all patients suspected of having intracranial neoplasia* 
Approximately 50% to 60% of dogs tested have CSF changes 
indicative of intracranial neoplasia, including albuminocy- 
tologic dissociation (e.g., elevated protein without a concur¬ 
rent increase in white blood cells), increased protein concen¬ 
tration, normal to increased white blood cell counts, and/or 
neoplastic cells. Increased numbers of white blood cells 
(WBCs) in canine CSF may negatively influence survival. 
CSF analysis in cats with meningioma is generally normal. 
C S F as so c i ated w i t h men i n gi o ma s m a y be u nique in th at t he 
WBC count may be greater than 50 cells/p 1, and the differ¬ 
ential often contains greater than 50% neutrophils. 


> 


It is possible to localize a problem to the brain and in most 
instances, determine its neuroanatomic location with signal - 
ment, history, and results of physical and neurologic exami¬ 
nations. However, disorders that mimic brain neoplasia 
(e.g., congenital [arteriovenous malformations, hydro¬ 
cephalus]; infectious [brain abscess, meningitis, toxoplas¬ 
mosis]; traumatic; immunologic; metabolic; vascular [stroke j; 
and idiopathic disorders) must be differentiated. Diagnosis 
of these diseases requires hematology; serum biochemistry; 
CSF analysis; survey radiographs (e.g., chest, abdomen, 
skull); abdominal ultrasound (e.g., exclude primary malig¬ 
nancy not in the CNS); CT scan; MRI; and/or biopsy Defin¬ 
itive diagnosis of intracranial neoplasia requires surgical ex¬ 
posure for incisional or (preferably) excisiona! biopsy. 
Although biopsy is desirable in all brain tumor patients, 
location of the neoplasm (e.g., brain stem) may prohibit 
surgical exposure due to a high risk of significant post- 
biopsy neurologic impairment. Refinement of percutaneous 

CT or M RI guided biopsy techniques may reduce these risks. 




MEDICAL MANAGEMENT 


Treat ment of intracranial neoplasia is directed at the primary 
tumor (biopsy and removal or reduction) and its secondary 
effects (peritumoral edema, increased intracranial pressure, 
seizures). Various drugs used to treat patients with intracra¬ 
nial neoplasia include corticosteroids (methyiprednisolone 

sodium succinate or dexamethasone sodium phosphate for 
initial treatment; dexamethasone or prednisone for mainte- 
n a n ce); d i u reti cs (fu ro se m ide); hy p ero s mo la r a gen ts (m an n i - 

tol);and anticonvulsants (phenobarbital) (seep. 1338) (Table 

42-17). Corticosteroids decrease peritumoral edema and in- 




TABLE 42-17 


Drugs Used to Treat Patients with Intracranial Neoplasia 


Methyiprednisolone sodium succinate (Solu Medroi) 

30 mg/kg IV once; repeat in 6 hrs 

Dexamethasone sodium phosphate (Azium SP) 

Initial dose; T2 mg/kg IV once or twice 
Maintenance dose: 0.25 mg/kg PO fid; tapered over 
4-7 days as needed 

Prednisone 

1-2 mg/kg PO bid; tapered over 4-7 days as needed 


Furosemide (Lasix) 


2.2-4.4 mg/kg IV 


Mannitol (Osmitrol) 

0,5-1 g/kg at 2 ml/minute; IV as a bolus 

Phe nobarbital 

1-2 mg/kg*; PO bid to ltd 


NOTE * The most common CSF abnormality due to 
brain tumors is increased protein concentration; 
however, normal CSF does not preclude neoplasia* 


* Adjust dose based on serum phenobarbiial concentrations. 
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mors, particularly those located in the caudal fossa and brain 
stem, are typically nonresectable and carry a poor prognosis. 
Canine cerebral meningiomas are generally amenable to cy- 
toredaction but not complete resection, due to their inva¬ 
sive nes s. If adjunctive therapy (radiation) is implemented, 
these patients may have a guarded prognosis. Other primary 
or secondary canine brain tumors are generally nonre¬ 
sectable and have an unfavorable to grave prognosis. 
Prospective studies are currently being done to establish 
more successful treatment modalities for feline and canine 

brain tumors. 


tracranial pressure and are antineoplastic for CNS lym¬ 
phoma, leukemia, and hemolymphatic tumors. 

Specific antineoplastic agents have not yet been proven 
effective for brain tumors; however, their true potential has 
not been thoroughly explored. Factors influencing successful 
treatment of malignant brain tumors with chemotherapeu¬ 
tic agents include the blood-brain barrier (in which many 
agents will not cross in therapeutic dosages); variable brain 
ceil sensitivity; and toxicity of normal brain cells to thera¬ 
peutic dosages. Chemotherapy alone will probably not be 
curative; however, as part of combination therapy it may 
prolong remission and improve quality of life. Immunother¬ 
apy has been suggested for treating patients with malignant 
brain tumors. Because most patients with malignant brain 
tumors have impaired immune function, mechanisms that 
selectively manipulate the humoral and cellular arms of the 
immune system against tumor cells may be successful ad¬ 
juncts to surgical cvtoreduction (tumor dehulking). Further 
research in the development of immunotherapeutic tech¬ 
niques and their use in combination with other therapeutic 
modalities (e.g., surgery, chemotherapy, radiation therapy) 
are in progress. The use of radiation therapy, with or with¬ 
out surgery, for treatment of brain tumors in dogs and cats 
appears to be associated with increased survival Metastases, 
pituitary macroadenomas or macrocarcinomas, and menin¬ 
giomas have been successfully treated with radiation therapy 
alone or as an adjunct to surgery. Careful treatment plan¬ 
ning by a qualified radiation therapist is necessary for suc¬ 
cessful outcomes. Survival analysis of dogs with intracranial 
neoplasms showed that patients treated with radiation ther¬ 
apy alone or as adjunctive therapy (combined with surgery 
or hyperthermia) generally had improved outcomes. Radia¬ 
tion therapy is generally performed at an institution with 
appropriate instrumentation and personnel. 


Preoperative Management 

Patients are generally treated with corticosteroids, anticon¬ 
vulsants (see Table 42-12), diuretics, oxygen supplementa¬ 
tion, and IV fluids before surgery (see p. 1322). Antimicro¬ 
bial therapy is dependent on age of the patient, predicted 
duration of surgery, and surgical approach chosen (e.g., 
transffontal). See p. 1324 for specific guidelines for prophy¬ 
lactic antibiotic use. 


Anesthesia 

Anesthetic management of patients requiring brain surgery 

is given on p. 1323. 

Surgical Anatomy 

See p. 1324 for surgical anatomy of the brain. 

Positioning 

Patients undergoing cranial surgery for brain tumors are 
generally positioned in ventral recumbency with the head 
stabilized in a specially designed head stand (see p. 1327 and 
Fig. 42-2). Slight variations in head rotation are dependent 
on surgical approach selected. 


SURGICAL TECHNIQUES 


SURGICAL TREATMENT 


Select the craniotomy/craniectomy approach or combi no¬ 
tion of approaches that allows adequate visualization of the 

intracranial neoplasm (see pp. } 328-1334 and Figs. 42-3 
to 42-W on pp. 1329-1335}. if the neoplasm is located in 
the cerebrum , perform a durotomy approximately 5 mm to 
1 cm beyond the margin of the mass os previously de¬ 
scribed. Separate tumor tissue from cerebral tissue by gentle 
blunt dissection using fine thumb forceps and o spatula (see 
1334), Handle cerebral /issue carefully with small instru¬ 
ments and copiously irrigate with body temperature, sterile, 
saline solution. If the mass is located deep in the falx, care¬ 
fully dissect bluntly with a spatula to separate the cerebral 
hemispheres from the falx cerebri. Carefully retract the cere¬ 
bral tissue to allow adequate visualization of the mass , If the 
mass has Invaded cerebral cortex, use a combination of 
blunt dissection with a spatula and laser or ultrasonic aspi¬ 
rator to facilitate tumor tissue removal. Be careful to remove 
only neoplastic tissue . If the mass is deep-sea fed, perform 
cortical extirpation using an electroscalpel to incise lep- 
tomeninges, bipolar cautery to control small vessel bleeding / 
and fine suction to section and remove white and gray 


In addition to providing complete tumor resection or partial 
removal, surgical intervention affords tissue for histopathol- 
ogy and may substantially decrease the volume of neoplastic 
tissue, thus facilitating adjunctive therapies. Increased suc¬ 
cess of surgery in patients with benign or malignant brain 
tumors is due to (1) improved early diagnosis via neurologic 
examination and lesion localization; (2) CT and MRI capa¬ 
bilities; (3) improved anesthetic techniques; (4) availability 
of highly specialized surgical instrumentation (i.e., lasers, ul¬ 
trasonic aspirators); (5) increased availability of specialty 
trained surgeons; (6) refinement of surgical approaches to 
various areas of the brain; and (7) improved postoperative 
critical care monitoring. Factors have also been identified 
that help predict ultimate success of surgical excision (e.g., 
complete vs, incomplete tumor resection), including tumor 
location, type, size, extent, and invasiveness. 

Feline cerebral meningiomas are generally completely re¬ 
sectable a ltd result in a favorable prognosis without ancillary 
treatment. However, if the tumor cannot be completely re¬ 
sected or recurs, surgical excision plus radiation therapy is 
recommended. Other primary or secondary feline brain tu- 


P- 
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matter. Use fine suction to remove exposed neoplastic tissue. 
If available, use an ultrasonic tissue aspirator or surgical 
laser to section white and gray matter and remove exposed 
neoplastic tissue. After complete or partial moss removal, co¬ 
piously irrigate the surgical site with sterile saline solution , 
control hemorrhage with bipolar cautery and hemostatic 
sponges , and close the craniotomy/croniedomy as previ¬ 
ously described. If the mass is located in the calvarium (e g., 
osteosarcoma, osteoma f chondrosarcoma , multilobular os¬ 
teochondrosarcoma) f perform a craniectomy to include the 
affected bone. 


Cook j RJ: Chemotherapy for brain tumors, Vet Med Rep 2:391, 

mo. 

Davidson MG et ah Acute blindness associated with intracranial tu¬ 
mors in dogs and cats: eight cases (1984-1989), / Am Vet Med As¬ 
soc 199:755, 1991. 

Gallagher JG et al: Prognosis after surgical excision of cerebral 
meningiomas in cats: 17 cases (1986-1992), / Am Vet Med Assoc 
203:10, 1993. 

Gordon LE et ah Results of craniotomy for the treatment of cere¬ 
bral meningioma in 42 cats, Vet Surg 23:94, 1994. 

G revel V, Mach us R: Diagnosing brain tumors with CSF sedimen¬ 
tation technique. Vet Med Rep 2:403, 1990. 

1 Jeidner Gh et ah Analysis ol survival in a retrospective study of 86 
dogs with brain tumors, / Vet Irtt Med 5:219, 1991. 

Ingram M et al: Adoptive immunotherapy of brain tumors in dogs. 
Vet Med Rep 2:398, 1990. 

Jeffrey N, Brearley MJ: Brain tumors in the dog: treatment of 10 
cases and review ol recent literature, / Small Anim Pract 34:367, 

1993, 

LeCouteur RA: Brain tumors of dogs and cats, Vet Med Rep 2:332, 
1990, 

Thomson CE, Kornegay JN, Stevens JR: Analysis of cerebrospinal 
fluid from the cerebellomedullary and lumbar cisterns of dogs 
with focal neurologic disease: 145 cases (1983-1987),/ Aw Vet 
Med Assoc 196; 1841,1990. 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


Special instruments recommended for removal of brain 
neoplasms are described on p. 1334* 


PREOPERATIVE CARE AND ASSESSMENT 


Patients should be recovered in a padded cage in an intensive 
care facility and given analgesics (see Table 42-9), anticonvul¬ 
sants (see Table 42-12), corticosteroids (see Table 42-11), di¬ 
uretics (see above), and oxygen supplementation as needed 
based on results of serial neurologic examinations and Hood 
gas analyses. Discharge from the hospital depends on patient 
status and owner compliance (see p. 1336). Patients should be 
scheduled for routine follow-up examinations at various in¬ 
tervals depending upon their condition and tumor type. 
Ree valuations may include neurologic examination, skull ra¬ 
diographs, CT scan, MR1, alteration of anticonvulsant ther¬ 
apy, adjunct therapy fe.g., chemotherapy, immunotherapy, 
radiation therapy), and/or postmortem examination. 


Selected a bstracts of recent m an uscripts _ 

Bagley RS et al: Clinical signs associated with brain tumors 
in dogs: 97 cases (1992-1997), / Am Vet Med Assoc 215:818, 
1999. A retrospective study was performed to determine the 
prevalence of various clinical signs in dogs with brain tu¬ 
mors. Ninety seven dogs with brain tumors were studied. Of 
the 33 breeds represented, golden retrievers were most com¬ 
monly affected. Seventy-six percent of dogs had tumors in 
the supratentorial region. Seizures were the most common 
clinical sign at initial examination. Meningioma was the 
most common tumor. The authors concluded that brain tu¬ 
mors develop most often in dogs 5 years old or more and are 
uncommon in dogs less than 5 years old. The authors con¬ 
cluded that a brain tumor should be considered likely in any 
dog that has its first seizure after they are 4 years old. 

Bagley RS et al: Effect of craniectomy/durotomy alone and 
in combination with hyperventilation, diuretics, and corti¬ 
costeroids on intracranial pressure in clinically normal 
dogs, Am / Res 57:116, 1996. The purpose of this study 
was tc> determine the e fleet of eraniectomy and durotomy on 
intracranial pressure (ICP) in clinically normal dogs. A 
craniectomy was performed in combination with durotomy, 
diuretic administration, methyl prednisolone sodium succi¬ 
nate a d m i n i st rat i on, and hv perven t Qat i o n, a nd effect o f th ese 
manipulations on ICP was determined in experiment A (n - 
6 dogs). In experiment B, seven dogs had only craniectomy 
and durotomy without associated ICP-lowering treatments. 
Results showed a decrease in ICP after the combination ol 
craniectomy, durotomy, and other ICP-lowering treatments 
in dogs of experiment A. A decrease in ICP was observed in 
dogs of experiment B after craniectomy and durotomy The 
authors concluded that surgical removal of overlying skull 


PROGNOSIS 


Prognosis for dogs and cats with non meningioma intracranial 
neoplasia is generally unfavorable. Prognosis for dogs with 
meningiomas treated by surgical excision alone is also unfa¬ 
vorable; however, if postoperative radiation therapy is per¬ 
formed, survival times are improved (50% are alive at 
9 to 10 months; median survival time is 6.6 months). 
The main indicators of an unfavorable prognosis include 
(1) moderate to severe neurologic deficits at initial presenta¬ 
tion; (2) rapidly progressive course; (3) increased WBC count 
in the CSF, particularly dogs; (4) presence of multiple masses; 
(5) inability to provide surgery, with or without radiation 
therapy. Prognosis for cats with resectable meningiomas (e.g., 
clean margins on histopathology) is favorable. The cat s age, 
tumor location, or presence of multiple tumors does not effect 
linal outcome. Median duration of survival is reported to be 
26 months with a range of 0.1 months to 55 months (overall 
survival is 71% at 6 months, 66% at 12 months, and 50% at 24 
months), bocal regrowth of feline meningiomas after surgical 
excision occurs in approximately 20% to 30% of cases. 


Suggested Reading 


Bagley RS et al: Clinical effects of longitudinal division oi the cor 
pus callosum in normal dogs, Vet Surg 24:122,1995. 
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lesion was performed to relieve clinical signs and provide tis- 
- for histopathologic diagnosis. No postoperative compli¬ 
cations were observed. The modified bilateral transfrontal 
sinus craniotomy provided excellent access to the canine ol¬ 
factory bulbs and frontal lobes. 


and incision of the dura mater can significantly decrease ICP 
in clinically normal dogs. Craniectomy and durotomy may be 
useful as an adjunct treatment for increased ICR 


sue 


Bagley RS et ah Acute, unilateral transverse sinus occlu¬ 
sion during craniectomy in 
occupying intracranial disease. Vet Surg 26:195, 1997. The 

purpose of this study was to determine the effect ot acute, 
unilateral transverse sinus occlusion on intracranial pres- 

(ICP) and postoperative mortality in dogs with struc- 


dogs with space- 


seven 


Pastor KK Bouiay JP, Schelling SG, Carpenter JL: Idiopathic 
hyperostosis of the calvaria i n five young bullmastiffs, / Am 

Anim Mosp Assoc 36:439, 2000* A new calvarial hyperostotic 

syndrome (CHS) in young 
report. Calvarial hyperostotic syndrome clinically resembles 

canine cranio mandibular osteopathy (CMO) and human in¬ 
fantile cortical hyperostosis (ICH), but it is unique in that 
there is progressive and often asymmetric skull bone involve¬ 
ment, and the population affected appears to be only young, 
male bullmastiff dogs. Characteristic radiographic findings 
consist of cortical thickening of the calvaria with irregular, 
bony proliferation over the frontal, temporal and occipital 
bones. Histopathologic examination showed that the trabec¬ 
ulae of the calvarial diploe arc thickened and contiguous with 
a sunburst-1 ike pattern of subperiosteal trabeculae composed 
of woven and lamellar bone tissue, accompanied by loose fi- 
brovascu 1 ar tissue and a variable inflammatory response 
prised predominantly of neu trophils. In 80'Yo o11he cases 


bullmastiffs was described in this 


sure 

tural intracranial disease* Seven dogs with space-occupying 
intracranial disease in the cerebellopontine angle area were 
used* Affected dogs had a single transverse sinus occluded 
during craniectomy for intracranial mass biopsy or re¬ 
moval Results showed a variation in initial ICP, ranging 
from 7 to 21 mm Hg. ICP decreased in all dogs after 
craniectomy and durotomy. No increase in ICP occurred af¬ 
ter transverse sinus occlusion* The authors concluded that 


acute, unilateral transverse sinus occlusion during craniec- 

intracranial I esions 


tomy in dogs with space-occupying 
does not result in significant increases in ICP or intraoper¬ 
ative mortality. Unilateral transverse sinus occlusion during 

be used to increase surgical exposure of 


craniectomy can 

the caudal fossa of the brain without increased risk of in 


com 

presented, the lesion was self-limiting* The etiology remains 
unknown; however, traumatic, neoplastic, and degenerative 
conditions do not appear to be primary factors in the 
etiopathogenesis of the syndrome. The authors suggested 
that this syndrome may have a familial component, similar to 

that d escribed fo r CM O a n d It. 11. 


creasing ICP* 


Fusco JV et al: Autologous blood coflection and transfusion 
in cats undergoing partial craniectomy,/ Am Vet Med Assoc 
216:1584, 2000. A prospective case series was conducted us¬ 
ing 15 cats with intracranial masses in order to describe the 
procedure for autologous blood donation and associated 
complications in cats undergoing partial craniectomy for 
mass removal No complications were associated with phle¬ 
botomy in this study* Fifteen cats underwent partial craniec¬ 
tomy 7 to 17 days after blood donation. Eleven cats received 
t ol o go us blood transfusions* None of the cats received al- 

were not 

we re 


Pluhas GE et al: The effect of acute, unilateral transverse 
venous sinus occlusion on intracranial pressure in normal 

dogs, Vet Surg 25:480,1996* Lateral rostra tentorial and cau¬ 
dal subocdpital approaches to the brain were performed on 
six beagles. Intracranial pressure (TCP) was measured as the 
two craniectomies were connected by removing the bone of 
the nuchal crest and occluding the transverse venous sinus* 
ICP remained constant after acute occlusion of the sinus 
with bone wax and there was no gross evidence of brain 
edema* All six dogs survived the surgery and five dogs 
vived for a minimum ot 3 months. One dog died acutely 

during the postoperative period. The exact cause of the cere- 

in the 


au 


logeneic blood transfusion. Transfusion reactions 
observed. All cats undergoing partial craniectomy 
discharged from the hospital and were alive for more than 
6 months after surgery. The authors concluded that autolo¬ 
gous blood donation before surgery was safe for cats under¬ 
going partial craniectomy for resection ol meningioma* 


sur- 


bellar hemorrhage and infarction found at necropsy 
latter dog was not evident. Anemia occurred in three of the 
six dogs as a result of intraoperative hemorrhage. All dogs 
surviving the perioperative period had mild, transient hy- 

propriociptive deficits but were 


Glass EN et al: A modified bilateral transfrontal sinus ap¬ 


proach to the canine frontal lobe and olfactory bulb: sur¬ 
gical technique and five cases,/ Am Atiittt Hasp Assoc 36:43, 
2000* Five adult dogs presenting for an acute onset of seizure 

Studied. Magnetic resonance imaging revealed 


permetria and conscious 
neuroiogically normal 72 hours after surgery* Results of this 

studv indicate that acute, unilateral transverse sinus occlu- 

sion is possible without an increase in ICP. The ability to do 

this allows access to the rostral aspect of the ipsilateral cere¬ 


activity were 

lesions in the olfactory bulbs, frontal lobes of the cerebrum, 
both, A modified bilateral transfrontal sinus craniotomy 
was performed on each patient. The goal of removing the le¬ 
sion was to relieve clinical signs and to provide tissue lor 
histopathologic diagnosis. In each instance, excision of the 


or 


helium and brain stem. 
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GENERAL PRINCIPLES 
AND TECHNIQUES 


ANESTHETIC CONSIDERATIONS 


M \'ii 


it 




The anesthetic regimens used for patients with thoracolum¬ 
bar spinal disorders (see Chapter 40) are appropriate for pa¬ 
tients requiring peripheral nerve surgery. 






T4*r- 


DEFINITIONS 


ANTIBIOTICS 


Neurotmesis occurs if the entire peripheral nerve with all its 

bundles of fibers is severed or ruptured, resulting in a gap 
between severed nerve ends. Axonotmesis occurs if only 

in the nerve are ruptured, but anatomic conti¬ 
nuity is maintained Regrowth of axons is spontaneous, but 
the time until return of function depends on the extent of 
injury and the distance from dencrvated end-organs, Neu- 
rapraxia is an acute, transient, physiologic dysfunction of a 
peripheral nerve after a traumatic insult; nerve conduction is 
blocked, but no degenerative changes occur, and full return 
of function is expected, Endoneurium is the loose connec¬ 
tive tissue that surrounds each neuron. Perineurium is the 
connective tissue that surrounds bundles of neurons, 
Fpineurium is the thick connective tissue layer that sur¬ 
rounds the perineural bundles to form the gross peripheral 
nerve (Fig, 43-1), Neurorrhaphy is the suturing together of 
severed peripheral nerve ends. Epineural neurorrhaphy is 
peripheral nerve anastomosis in which sutures penetrate 

only the epineurium. 


Patients with peripheral nerve damage caused by closed in¬ 
juries (e.g., avulsion, neoplasia, closed fracture, entrapment) 
typically do not require prophylactic or therapeutic antibi¬ 
otics; however, antibiotic treatment is warranted if the pe- 

nerve injury is associated with an open contami¬ 
nated wound (e.g., laceration, compound fracture, severe 
crush injury). Patients that require peripheral nerve anasto¬ 
mosis (e.g,, nerve laceration, resection of neoplasms) should 
be given prophylactic or therapeutic antibiotics based on the 

Blood 

vessels 


sonic axons 


ri 


Epineurium 


Fascicle 


PREOPERATIVE CONCERNS 


Peripheral nerve injuries most often occur as a result of 
trauma, such as motor vehicle accidents, fractures, gunshot 
wounds, bite wounds, and lacerations, and the animal 
should be examined carefully for other injuries. Unless con¬ 
traindicated, volume expansion should be achieved with in¬ 
travenous fluids, and a careful physical examination should 
be performed to rule out trauma to other organ systems 
(e.g., urinary or cardiopulmonary injury or associated verte¬ 
bral or appendicular skeletal fractures or luxations). The ur¬ 
gency of surgery should be established by evaluating the pre¬ 
senting neurologic signs to assess the degree of peripheral 
nerve injury (i.e., neurapraxia, axonotmesis, or neu¬ 
ro tmesis). Steroids generally are not administered preopera- 
tively, because their efficacy in peripheral nerve injury is 
questionable. 


Endoneurium 


FIG 43-1 


nerve: endoneurium, perineurium, 
and epineurium surrounding axons, fascicles, and bundles of 
fascicles, respectively. 


Anatomy 


1346 


















Chapter 43 Surgery* of the Peripheral Nerves 1347 


43-1). Patients with neurapraxia or neurapraxia with 
onotmesis are not surgical candidates. Patients with neu¬ 
rotmesis secondary to avulsion, extreme stretching, or crush 
injury generally have retrograde neural effects resulting in 
multiple axon injury sites; surgical intervention generally is 
not warranted. Patients with acute, focal neurotmesis sec¬ 
ondary to laceration, fracture, entrapment, or neoplasia gen¬ 
erally require early surgical intervention and epineural neu¬ 
rorrhaphy or removal of the source of nerve entrapment, 

Epineural Neurorrhaphy 

Widely prepare the area and position the patient to allow 
ample exposure and freedom of movement of the affected 
limb during surgery. Incise the skin directly over the injury 
site and 3 fa 4 cm proximally and distally. identify the nerve 
endings at the injury site, if the nerve endings cannot be 
found , dissect and identify the nerve proximally and distally 
and carefully follow it to the nerve ends . 

Nerve Trauma Caused by Clean 
and Sharp Transection 

Nerves that are cleanly and sharply transected require mini- 
mal debridement. Because nerves are small, a magnifying 
loupe facilitates the following procedures. 

Carefully wrap the nerve end with a soft material (i. e . , Pen¬ 
rose drain f umbilical tape , moistened paper} and clomp 
the surgical wrap snugly around the nerve to stabilize it (Fig. 
43-2, A) t Be careful not to crush the nerve . Place the 
wrapped nerve ends on a tongue depressor and cut the ends 
exactly perpendicular to the long axis of the nerve with a 
new (i.e., sharpj scaIpeI blade or razor blade . Examine the 
transected nerve ends and identify the characteristic fascicu¬ 
lar pattern; this ensures appropriate debridement Control 
hemorrhage with a lint-free neurosurgical sponge and re¬ 
move any blood clots before performing the anastomosis . 
A ttempt to appose the tra n seated and debnded n erve ends . 
If longitudinal tension is present carefully dissect proximally 
and distaily along the nerve to reduce the tension , if longitu- 
dinal tension is still present phce the extremity in a variety 

of positions (he v flexion or extension) to further mobilize the 
nerve ends. Unwrap the nerve ends and place them on a 
light-colored , soft material (i.e., Penrose drain) to enhance 
visualization during suturing. Place the nerve ends in 
anatomic contact such that each fascicle of one nerve end 
exactly lines up with each fascicle of the other nerve end. Jo 
facilitate anatomic alignment identify the longitudinal 
epineural vessels and place them in contact (Fig. 43-2, B 

and Q, Use 8-0 to W-0 monofilament, nonabsorbable su¬ 
ture with a swaged-on fine taper-point microsurgical needle 
to perform the neurorrhaphy Identify the epmeurium and 
place the suture needle through this layer only; do not in¬ 
clude underlying neural elements > Align the nerve ends as 
described above and place the suture need/e through the 
epineurium of the apposing nerve . Place a second sufure 

J 80 degrees from the first (see Fig. 43-2 , CJ, Leave the ends 
of each suture long and use them to gently manipulate the 


criteria given in Chapter 39 (sec Table 39-4, p. 1214), Chap¬ 
ter 39 also provides criteria for determining the appropriate 
antibiotic and dosage for patients with neurologic disease. 


ax- 


SURGICAL ANATOMY 


The radial and sciatic nerves are the most commonly injured 
peripheral nerves that result in significant extremity dys¬ 
function in companion animals. The most common causes 
of radial nerve injury are avulsion of the brachial plexus, a 
midshaft fracture of the humerus, and iatrogenic injury (i.e., 
during surgical exposure of the humerus). The radial nerve 
originates from spinal nerve roots C7-T2 and innervates the 
triceps brachii, extensor carpi radialis, ulnaris lateralis, and 
common and lateral digital extensor muscles. Injury to the 
radial nerve causes postural deficits, including loss of exten¬ 
sion of the elbow, carpus, and digits and inability to support 
weight on the limb. Reflex abnormalities include a dimin¬ 
ished or absent triceps tendon reflex, and sensory loss occurs 
on the cranial aspect of the limb from the elbow to the toes. 

The most common causes of sciatic nerve injury are frac¬ 
ture of the ilial shaft , surgery of the proximal femur and hip, 
and nerve entrapment (i.e., secondary to intramedullary pin 
placement for femoral fracture repair, inappropriately 
placed suture during perineal hernia repair [see p. 435], or 
injection of an irritant in the caudal thigh muscle). The sci¬ 
atic nerve originates from spinal nerve roots L6-S1; the mus¬ 
cles innervated by it include the flexors of the stifle and hock. 
Injury to the sciatic nerve may cause hindlimb knuckling 
and inability to actively flex the stifle; the hock is dropped 
and only flexes and extends passively. Reflex abnormalities 
include a diminished or absent flexor reflex and a slightly 
brisk patellar reflex. Sensory loss occurs on the lateral aspect 
of the limb from the stifle to the toes. 


PREOPERATIVE PREPARATION 


Two important factors should be considered during the pre- 
operative preparation of patients with peripheral nerve in¬ 
juries: (I) when peripheral nerves are severed, they retract 
and the ends often are separated by several centimeters; (2) 
if surgery must be delayed (e.g., because of a contaminated 
wound or chronic injury), the nerve ends may become em¬ 
bedded in scar tissue. Because of these factors, locating sev¬ 
ered nerve ends may require proximal and distal dissection 
to identify the nerve in normal tissue and surgical dissection 
along the nerve until each nerve end is observed. Moreover, 
if surgical debridement of nerve ends is required (as with a 
crushed nerve, chronic injury, or neuroma), positional 
changes of the limb during surgery may be necessary to al¬ 
low tensionless apposition. For these reasons, when a patient 
w ill unde rgo peripheral n e r ve s u r ge ry, th e a ffe c te d ext re m i ty 
should be widely clipped and aseptically prepared, and the 
limb should be draped to allow full range of motion of the 
proximal and distal joints during surgery. 


SURGICAL TECHNIQUES 


Distinguishing the condition as neurapraxia, axo no tmesis, 

or neurotmesis aids in surgical decision making (Table 
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in TABLE 43-1 


Neurologic Examination Findings that Differentiate Neurapraxia* Axo no tmesis, and Neurotmesis 


PRESENTING 

NEUROLOGIC 

EXAMINATION* 


PROGNOSIS FOR 
RETURN OF 
FUNCTION 


POSSIBLE 

DEFICIT 


SERIAL NEUROLOGIC 
EXAMI NATION t 


PROBABLE DEFICIT 


Partial loss of 


Neurapraxia 


Return of function at 1 month 


Excellent 


Neurapraxia 


sensory 
and motor function 


or 


Axonotmesis 


Sensory and motor deficits 
main; some improvement in 

function 

Return of function in 1 month 
Improvement in function for 2 to 

3 months 

No improvement in function af¬ 
ter 3 months 


Favorable to guarded 


Axonotmesis 


re- 


Compfete loss of 
sensory and motor 


Neurapraxia 

Axonotmesis 


Neurapraxia 

Axonotmesis 


Favorable to guarded 
Unfavorable to grave 


Neurotmesis 


Neurotmesis 


*A sensory and motor examination is performed for the entire distribution pattern of the affected 
{Electromyography and nerve 


nerve or nerves, 
means of determining the severity of focal neuropathies. 


conduction studies are the most sensitive 




Tongue 




depressor 


Penrose 


drain 


FIG 43-2 


Epineural neurorrhaphy. A, Free up the 
the material snugly around the nerve. 


wrap them with soft material, clam 
and cut the end exactly perpendicular with a 
blade, B, Place the nerve on a Penrose drain to enhance visualization, C, line 
nerve end such that vessels and nerve Fascicles exactly line up with one another; place 
sutures through the epineural layer only, D, Generally four or five sutures are needed to 
complete the epineural neurorrhaphy. 




pe 


up 
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nerve . Place two additional sutures 90 degrees to the previ¬ 
ous sutures and evaluate the closure for anatomic alignment 

and security r Use the minimum number of sutures to complete 
the anastomosis; generally four or five sutures are adequate 
(Fig. 43^2, Dj, Ensure meticulous hemostasis, remove any 
blood dots with a lint-free sponge, cut any remaining long 
suture ends, lavage the surgical site with sterile saline, and 
close the wound routinely , 

Nerve Trauma Caused by Stretching 
or Avulsion 

Aggressive debridement of nerve ends may be necessary if 
the nerve was stretched or avulsed. 


hernia repair)> release of the nerve is necessary to regain 
function of the end-organ. 

Carefully dissect and identify normal nerve proximal and 
distal to the affected site (i.e., scar, fracture, suture). if scar 
tissue is present, identify and remove the inciting cause (i.e., 
intramedullary pin}, carefully follow the normal nerve to the 
point of scarring, and gently dissect the entrapping scar from 
the epineurium . Harvest an autogenous fat graft from sur¬ 
rounding subcutaneous tissue and wrap if around the af¬ 
fected portion of the nerve . If the nerve is interposed between 
two fracture fragments, carefully accentuate the fracture , re¬ 
lease the entrapped nerve, return the nerve to its normal lo¬ 
cation, and stabilize the fracture Carefully examine the 
nerve for evidence of epineural laceration; if present, suture 
the epi neural layer os described above (see Fig. 43-2, C 
and D). Harvest an autogenous tat graft from surrounding 
subcutaneous tissue and wrap it around the affected portion 
of the nerve. If the nerve is encircled by suture material, 
identify the point of nerve entrapment, remove the suture, 
and carefully inspect the nerve for epineural damage. Suture 
any epineural defects as described above. Harvest an auto¬ 
genous fat graft from surrounding subcutaneous tissue and 
wrap i t aro und the affected parti on of th e nerve. 


new scalpel 

blade or razor blade and begin cutting 1 - to 2-mm incre¬ 
ments of nerve per cut until normal neural elements are iden¬ 
tified (see Fig. 43-2, A and B). Mobilize the nerve by dis¬ 
secting proximo I ly and di stall/ along it and place the 
extremity in a position that facilitates tensionless anastomo¬ 
sis. Perform epineural neurorrhaphy as described above 

(see Fig. 43-2 f C and Dj. 

Nerve Trauma Caused by Avulsion 
of Nerve Roots from the Spinal Cord 

Surgical treatment is not indicated. 

Nerve Injury Associated with 
an Open Contaminated Wound 

Delayed neurorrhaphy is recommended when the nerve in¬ 
jury is associated with an open contaminated wound. 

Carefully debride the wound, locate the severed nerve ends, 
and identify the epineural layer of each nerve end '. Use 
bright-colored, 5-0 or 6-0, monofilament, nonabsorbable 
suture and place it through the epineurium of each nerve 
end. Loosely approximate the nerve ends and cut the suture, 
leaving 2- to 3-cm ends , After wound management is com¬ 
plete, incise over the injury site and locate the bright-colored 
suture. Carefully dissect s car tissue from the nerve ends to 
isolate and mobilize them. Debride the nerve ends, mobilize 
the nerve, and perform epineural neurorrhaphy as de¬ 
scribed above (see Fig. 43-2}. 


Stabilize the nerve as described above. Use 


HEALING OF THE PERIPHERAL NERVES 


Healing of peripheral nerves is described under healing of 
the cauda equina on p. 1304. (i.e., neurapraxia, axonotmesis, 
or neurotmesis). Peripheral nerves that sustain mild enough 
injury to cause neurapraxia develop transient physiologic 
dysfunction without anatomic disruption of axons. The 
nerve regains normal function within 3 months or earlier. 
Peripheral nerves that sustain an injury sufficient to cause 
axonotmesis or neurotmesis undergo degeneration immedi¬ 
ately at the site of injury. Degeneration toward the cell body 
over a distance of two or three Ranvier nodes generally oc¬ 
curs, and regeneration begins from that site. Nerve processes 
distal to the injury degenerate completely (i.e., Wallerian de¬ 
generation), and after 1 week a connective tissue framework 
(i.e., neurilemma! sheath) is left. Within 2 days “sprouting" 
of the proximal end of the severed axon can be detected. Re¬ 
generation of lhe neuron and return to function depend on 
several factors. If continuity of the nerve is maintained (i.e., 
axonotmesis), the distance from the injury site to the end- 
organ becomes the most important variable. Little return to 
function is achieved if the distance is more than 25 to 30 cm; 
the best chance for functional regeneration is a distance of 
less than 10 to 15 cm. Peripheral nerve regeneration occurs 
at the rate of 3 cm per month (1 mm per day). If anatomic 
continuity of the nerve is not maintained (i.e., neurotmesis), 
recovery depends on a number of variables, including the 
distance from the injury to the end-organ, the wounding 
mechanism, the length of the interval between injury and 
surgical repair, the patient s age and condition, and the sur¬ 
gical technique. If the distance from the injury to the end- 
organ is less than 10 to 15 cm, the chance for functional re¬ 
covery is favorable. Clean, sharp lacerations generally heal 


NOTE * Be sure to isolate, identify, and immobilize 
the nerve endings at the time of wound debridement 
to make it easier to find them at the time of definitive 
surgical repair. 


Peripheral Nerve Entrapment 

If a peripheral nerve is entrapped by scar tissue (i.e., because 
of previous hip surgery or secondary to intramedullary pin 
fixation of a femoral fracture or injection of an irritant 
around the nerve), interposed between fracture fragments 
(i.e., humeral, ihal shaft, or proximal femoral fractures), or 
encircled by inappropriate placement of suture (i.e., perineal 
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SPECIAL AGE CONSIDERATIONS 


better than avulsion, crush, open, or chronic injuries. The 
sooner a nerve is repaired the better the chance for healing, 
reinnervation, and normal function of the end-organ. 
Young, well-nourished, healthy patients tend to have a faster 
rate of nerve regeneration. Anatomic alignment of nerve 
ends and attention to surgical detail ensure that regenerating 
axons find their way 4ilong the neurilemma! tube to the end- 
organ, resulting in functional recovery. 


Younger patients show a much more rapid and complete re¬ 
generation of traumatized nerves than older patients. 


Suggested reading . . . 

Kraus KH et ah Motor evoked potentials in partially regenerated rat 
sciatic nerve suggest central nervous system plasticity. Vet Surg 
23:406, 1994. 

Luttgen Pf: Diseases of the nervous system in older dogs. II. Pe¬ 
ripheral nervous system, Comp Cant Educ Pract Vet 12:1077, 

1990, 

Towel I Tf., Shell LC; Endocrinopathics that affect peripheral nerves 
of cats and dogs. Comp Cont Educ Pract. Vet 16:157, 1994, 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Epineural neurorrhaphy requires 2.5- to 3-power magnifica¬ 
tion using an optical loupe; 8-0 to 10-0 monofilament, non¬ 
absorbable suture with a swaged-on, fine taper-point micro- 
surgical needle; fine-tipped ophthalmic or jewelers forceps; 
a microneedleholder; and microsurgical scissors. 






SPECIFIC DISEASES 






POSTOPERATIVE CARE 
AND ASSESSMENT 


PERIPHERAL NERVE TRAUMA 


The degree and duration of extremity coaptation depends on 
the limb position required to obtain a tens ion less neurorrha¬ 
phy. If a tensionless neurorrhaphy was achieved regardless of 
limb position, a padded bandage that provides moderate im¬ 
mobilization should be placed for 1 to 2 weeks, depending on 
the patient's activity. If tension exists on the neurorrhaphy or 
i f a s pec t fie IS m b pos ition was necess a ry to ach i eve a ten si o n - 
free neurorrhaphy the limb should be rigidly immobilized in 
a cast for 3 weeks. At the end of the third week the cast can be 
bivalved (he., the cast is sawed along the cranial and caudal 
aspects and split into two halves) and removed. The limb 
should then be re band aged at weekly intervals for 2 to 3 
weeks using the lateral aspect of the bivalved cast to aid im¬ 
mobilization. Gradual return to a neutral position can then 
be allowed. In ail cases exercise should be strictly limited dur¬ 
ing the period of coaptation. After removal of the bandage, a 
gradual return to normal exercise (he., over 2 to 3 weeks) 
should commence. In many cases the nerve injury provides a 
degree of functional disuse, resulting in “limited activity.” 
Physical therapy of the end-organ (he., muscles, tendons, and 
joints of the affected extremity) by heat application, muscle 
massage, tendon stretching, and passive range of motion ex¬ 
ercises are recommended until signs of reinnervation occur 
(i.e., generally 3 to 6 months). 


DEFINITION 


Peripheral nerve trauma occurs when a traumatic injury to 
a p er i p her al ner ve o r gro up of per ipher a I n er ves cau ses s p e- 
cific sensory and motor deficits to areas innervated by the af¬ 
fected nerve or nerves. 


SYNONYM 


Tra i i m a tic u er ve palsy 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Peripheral nerve injuries are relatively common and gener¬ 
ally are a result of vehicular trauma (e.g., the animal is hit by 
a vehicle or jumps or falls from a moving vehicle), fractures, 
penetrating wounds (e.g., gunshot wounds, knife wounds, 
lacerations, bite wounds), or iatrogenic causes (e.g., intra¬ 
muscular injection of an irritant near a nerve, surgical place¬ 
ment of a suture encircling a nerve, placement of an in¬ 
tramedullary pin close to a nerve, nerve trauma during 
surgical exposure of a long bone fracture). The type of nerve 
injury varies with the type of trauma and may involve en¬ 
trapment, compression, crushing, stretching, sharp lacera¬ 
tion, or avulsion, or all of these. The severity of the nerve in¬ 
jury, or the degree of motor and sensory loss, also varies and 
is described as neurapraxia, axonotmesis, or neurotmesis 
(see p. 1346). The degree of reinnervation and functional re¬ 
covery depends on the traumatic episode that caused the in¬ 
jury the type of injury and the degree of functional loss to 
the innervated area. The most commonly injured peripheral 
nerves in dogs and cats are the brachial plexus, radial nerve, 
and sciatic nerve (see p. 1347), 


NOTE * Observe these patients For evidence of 
prolonged licking, chewing, or self-mutilation.. If nec¬ 
essary bandage the limb or use an Elizabethan col- 
tar to control such behavior. 


COMPLICATIONS 


Self-mutilation of the affected extremity, breakdown of the 

t * 

neurorrhaphy (i.e., failure of the coaptation device), neu¬ 
roma formation at the neurorrhaphy, failure of reinnerva¬ 
tion, reinnervation with inadequate function of the end- 
organ, or inad equa te o w ner comp li a n ee a re possi ble com pi i - 
cations associated with peripheral nerve surgery 


DIAGNOSIS 

Clinical Presentation 

Signalment, There is no age, gender, or breed predispo¬ 
sition for traumatic peripheral nerve injuries. 
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sion). The results of these examinations are significant fac¬ 
tors in determining whether conservative or surgical treat¬ 
ment is chosen (Table 43-3), 


History, Patients generally have a history of trauma fol¬ 
lowed by loss of function of the affected extremity immedi¬ 
ately after the traumatic episode. Associated injuries, such as 
fractures, may also be present. Occasionally the patient's his¬ 
tory reveals a recent fracture repair (i.e,, femur, humerus, 0- 
ial shaft, or hip) or perineal hernia repair (i.e., sciatic en¬ 
trapment from an encircling suture) or an injection given in 
the caudal thigh muscle (i.e., sciatic irritation-entrapment). 
These patients often have severe pain localized to the area ol 
nerve entrapment. 

Physical Examination Findings 

Patients with traumaticatly induced peripheral nerve injury 
should be examined for associated injuries (e,g„ cardiorespi¬ 
ratory and urogenital damage and appendicular and verte¬ 
bral fractures), which should be treated. A careful neurologic 
examination of the affected extremity must be performed, 
including evaluation of gait, posture, and spinal reflexes and 
the distribution of sensory loss (see Chapter 38). Localiza¬ 
tion of the peripheral nerve injury is based on the results of 
this examination. The neurologic findings typically associ¬ 
ated with commonly injured peripheral nerves are given in 
Table 43-2. The degree of neural injury should be assessed at 
the initial neurologic examination and by serial neurologic 
examinations (see Table 43-1). Finally an attempt must be 
made to assess the type of nerve injury (i.e., entrapment, 
compression, crushing, stretching, sharp laceration, or avul¬ 


Rodiography 


Survey and contrast radiographs are not helpful in diagnos¬ 
ing peripheral nerve injuries. Definitive diagnosis is based 
on neurologic examination of the affected extremity. 


Laboratory Findings 

Specific laboratory abnormalities are uncommon. Serum 
alanine aminotransferase and serum alkaline phosphatase 
values may be elevated in patients that have suffered vehicu¬ 
lar trauma. 


DIFFERENTIAL DIAGNOSIS 


Any disorder that mimics a focal neuropathy (i.e., fibro¬ 
cartilaginous embolism, iliac arterial thromboembolism, 
peripheral nerve neoplasia, long bone fracture, toxoplas¬ 
mosis men in go radiculitis) should be considered a differ¬ 
ential diagnosis for peripheral nerve injury. Diagnostic 
differentials include a history, physical examination (i.e., 
pulse, palpation of tong bones), neurologic examination 
(i.e., findings associated with a specific peripheral nerve), 
radiography (i.e., nerve root tumor), and electrodiagnos- 

electromyography, nerve conduction studies) if 


tics (i.e., 
available. 


TABLE 43-2 


Expected Motor, Sensory, and Reflex Changes in Commonly Injured Peripheral Nerves 


DISTRIBUTION OF 

SENSORY LOSS 


SPINAL 

ROOTS 


PERIPHERAL 

NERVE 


SPINAL REFLEX CHANGES 


GAIT OR POSTURAL DEFICIT 


Sensation diminished or 
absent on lateral as¬ 
pect from stifle to 
toes 


Absent or diminished flexor 
reflex; brisk patellar ten¬ 
don reflex 


Unable to actively flex stifle; 
hock flexes and extends 
passively; dropped hock; 
knuckles on digits; able to 
support weight on limb 
Unable to extend elbow, car¬ 
pus, and digits; unable to 
support weight on limb 

"Dropped elbow/ areflexia, 
atonia; unable to support 
weight on limb 


L6-S1 


Sciatic 


Sensation diminished or 
absent on cranial as¬ 
pect from elbow to 
toes 

Complete sensory loss 

to distal limb 


Absent or diminished triceps 
tendon reflex 


Radial 


C7-T2 


Absent Flexor, triceps, and 

biceps reflexes; ipsilateral 
Horner's syndrome; ab¬ 
sent ipsilateral panniculus 
reflex 

Absent or diminished elbow 
flexion during flexor reflex 

Absent or diminished carpal 
and digital flexion during 
flexor reflex; ipsilateral 
Homer's syndrome; ab¬ 
sent ipsilateral panniculus 
reflex 


Complete brachial 
plexus avulsion 


C6-T2 


Sensation diminished or 
absent on medial as¬ 
pect of forearm 
Sensation diminished or 
absent on caudal as¬ 
pect from elbow to 
toes 


Lack of elbow flexion during 

placing 

Carries leg with elbow ond 

shoulder flexed; unable to 
flex carpus or digits; un¬ 
able to support weight 


Cranial brachial 
plexus avulsion 

Caudal brachial 
plexus avulsion 


C6-C8 


C8-T2 
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/g) TABLE 43-3 


Treatment Options for Traumatic Nerve Injuries 


SEVERITY OF INJURY TYPE OF INJURY 


TREATMENT 


PROGNOSIS 


Compression, crushing, stretching, or 
avulsion 
Entrapment 

Compression, crushing, stretching, or 
avulsion 
Entrapment 

Compression or crushing 
Sharp laceration 
Stretching or avulsion 
Sharp laceration, contaminated 
wound 
Entrapment 


Med Eca I 

Surgical release 
Medical 

Surgical release 

Medical 

Neurorrhaphy 

Debridement and neurorrhaphy 
Delayed neurorrhaphy 

Surgical release and neurorrhaphy 


Excellent 


Neurapraxia 


Favorable 

Guarded to favorable 


Axonotmesis 


Guarded to favorable 

Grave 

Guarded 

Unfavorable 

Guarded 


Neurotmesis 


Guarded 


MEDICAL MANAGEMENT 


with the affected extremity uppermost. The extremity is 
widely prepared and draped to allow full range of motion of 
proximal and distal joints during surgery. 


The treatment options depend on the type of injury (en¬ 
trapment, compression, crushing, stretching, sharp lacera- 
t i o n, or a v u 1 s i o n) a n d l he s e v er it y of injury (neurapraxia, ax¬ 
onotmesis, or neurotmesis) (see Table 43-3). Medical 

treatment includes intensive management of the end-organ 
(Le., muscles, tendons, and joints of the affected extremity) 
by heat application, muscle massage, tendon stretching, and 
passive range of motion exercises and protection of the dis¬ 
tal extremity from self-mutilation until signs of reinnerva¬ 
tion occur. 


SURGICAL TECHNIQUES 


Patients with neurotmesis associated with a dean, sharp tran¬ 
section are treated with epineural neurorrhaphy as described 
on p. 1347. Patients with neurotmesis caused by stretching or 
avulsion require aggressive debridement, nerve mobilization, 
neurorrhaphy, and extremity immobilization, as described 
on p. 1349. Patients with nerve injury associated with an open 
contaminated wound are treated with delayed neurorrhaphy. 
At the time of wound debridement, the nerve ends are iso¬ 
lated, identified, and immobilized to make it easier to find 
them at the time of definitive surgical repair, as described on 
p. 1349. Patients in which return to a functional status is un¬ 
successful may be treated by amputation of the affected ex¬ 
tremity. Patients with neurotmesis associated with nerve en¬ 
trapment are treated by exposure of the entrapped nerve, 
release of the entrapment, debridement of nerve ends, and 
neurorrhaphy, as described on p. 1349. Generally, postopera- 
ti v e ca re as described o n p. 1350s ho uId b e attemp ted for 3 to 
6 months before amputation is considered. 


SURGICAL TREATMENT 


Surgical treatment is dictated by the severity of the injury 
and the type of trauma ( see fable 43-3). 


Preoperative Management 

Patients presented tor treatment after severe trauma should 
be in stable condition before surgical intervention; intra- 
ven o u& flu i ds a n d a n el ee 1 ro ca rd iog r a ni sho uId be given a n d 
any associated injuries (e.g., cnrdiothoracic, urinary, or mus¬ 
culoskeletal) corrected as indicated. Prophylactic or thera¬ 
peutic antibiotics should be administered if the nerve in jury 
was associated with a contaminated wound or if surgical in¬ 
tervention is prolonged (i.e., longer than 90 minutes). 

Anesthesia 

The suggested anesthetic regimens for patients with thora¬ 
columbar spinal disorders (see Chapter 40) are appropriate 
for patients requiring peripheral nerve surgery. Corticos¬ 
teroids are seldom given p re operatively, because their effi¬ 
cacy in peripheral nerve injury is questionable. 

Surgical Anatomy 

flie surgical anatomy of the peripheral nerves is discussed 
on p, 1347. 

Positioning 

Patients undergoing neurorrhaphy, release of nerve entrap¬ 
ment, or amputation are positioned in lateral recumbency 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


Epineural neurorrhaphy requires 2.5- to 3-power magnifica¬ 
tion using an optical loupe; 8-0 to 10-0 monofilament, non¬ 
absorbable suture with a swaged-on, fine taper-point micro- 
surgical needle; fine-tipped ophthalmic or jewelers forceps; 
a microneedleholder; and microsurgical scissors. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Patients with peripheral nerve trauma requiring postopera¬ 
tive immobilization should be strictly confined, and the im¬ 
mobilized extremity should be examined daily for swelling, 
drainage, or excessive licking or chewing. Serial neurologic 
examinations of the affected extremity are necessary lo eval¬ 
uate the degree of reinnervation. Physical therapy of the 
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es 


end-organ is 

m u s cl e 


recommended, including heat application, 
massage, tendon stretching, and passive range of mo- 
non exercises* Owners should be advised that self-mutilation 

ot [he alfected extremity may occur, and protective bandag¬ 
ing may be indicated. A minimum of 3 months should be 

given to adequately assess return to function of the affected 
ex t r em 1 1 y. 
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PROGNOSIS 






■is 


% 


Ififc- 


I he prognosis for patients with peripheral nerve trauma de¬ 
pends on the severity of the nerve injury (i.e., neurapraxia, 

axonotmesis, or neurotmesis), the type of nerve trauma (i.e 
sharp transection, crushi 

treatment chosen (i.e., medical 
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mg, entrapment, avulsion), and the 

or surgical) (see Table 43-3). 
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Tumor 


NEOPLASIA 


■M 


DEFINITION 


Peripheral nerve tumors originate from the connective tis¬ 
sue of the nerve sheath (i.e., epineurium, perineurium, and 

endoneurium); the Schwann cell is the predominate 

plastic cell. 


neo- 


SYNONYMS 


Nerve sheath tumors, schwannoma 

neurofibroma , fie *.irileni motna t 


malignan t schwannoma , 
neurinoma, nett rofibrosa rootna 


Tumor 


FIG 43-3 

Nforve sheath tumor involving the dorsal root. Note th 
dumbbell shape caused by t 

intervertebral foramen. 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


e 


tumor's growth through th 


e 


e 


Peripheral nerve tumors (i.e., nerve sheath tumors) are a rel 
atively uncommon finding in dogs and are rarely seen in 
cats. The most common locations for peripheral nerve tu¬ 
mors are the dorsal nerve roots and the peripheral nerves of 
tlic brachial plexus; however, tumors also have been 
to involve the thoracolumbar and sacral 
mor begins in a dorsal nerve root, it has 


size, and are intradural-extramedullary in origin. The most 

common location tor brachial plexus tumors is C7 and C8; 
however, any of the brachial plexus spina] 
tral branches, or peripheral nerves 
of origin* Thoracolumbar tumors do 

of origin. 


rep o rt ed 
nerves. When a tu¬ 


ner ve roots, ven- 
can be primary sites 
not have a specific site 


an equal chance of 

growing within the dura or peripherally. Often both patterns 
of growth are seen, and the tumor is referred to as dumbbell 
shaped. One end of the dumbbell is in the soft tissues, and 
the other is underneath the dura (Fig. 43-3); the handlebar 

of the dumbbell extends through the intervertebral foramen 

Nerve sheath tumors 


DIAGNOSIS 

Clinical Presentation 


Signalment. The 


average age of patients with nerve 
sheath tumors of the brachial plexus is 7 years. Tumors of 

thoracolumbar 


may originate from a single root (the 
most common type) or from multiple roots. Tumors that 
grow peripherally and reach the 


tiei ves tend to occur at a slightly younger age 
(4 years). There does not seem to be a gender or breed 
predilection with nerve sheath tumors. 

History. Patients with tumors of the brachial 


common brachial plexus 

bundle may spread to other nerves of the plexus* 

Various terms that 


are based on histologic characteristics 

have been used to describe peripheral nerve tumors (see 
Synonyms, above); however, the most accepted term is nerve 
sheath tumor. Malignant schwannoma is the most common 
histologic type of nerve sheath tumor found in dogs. Nerve 

sheath tumors of the cervical region generally are slow grow- 
ing and locally invasive; they 
have a peripheral 


plexus 

generally have a slow, progressive, unilateral forelimb lame¬ 
ness that has been 


unresponsive to pain medications* The 
average time from first clinical signs to definitive diagnosis 
is 6 months. Occasionally patients have a history of neck 
pain, licking or chewing of the carpus, varying degrees of 
tetraparesis or, in rare cases, an axillary mass. Patients 
with thoracolumbar involvement generally have 
history of varying degrees of 

back pain* 


rarely metastasize; and they 

inti adural-extraincdullary origin* Nerve 

sheath tumors ot the thoracolumbar and sacral 


or 


a 2-month 
paraparesis with or without 


regions have 

moderate growth rate, are locally invasive, rarely metasta- 


a 
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Physical Examination Findings 

Patients with a brachial plexus tumor in the early course of 
the disease may have a subtle foreleg lameness with or with¬ 
out chewing or licking of the involved carpus. As the tumor 
grows, the lameness becomes more severe, and moderate or 
severe forelimb atrophy becomes evident, particularly in the 
distribution of the infraspinatus and supraspinatus muscles. 
Because of the duration of the lameness (generally 6 months), 

it is difficult to establish the origin of atrophy as neurogenic 
or disuse. If tumor growth progresses distally along the pe¬ 
ripheral nerve, pain on manipulation of the involved leg or 
during axillary palpation may be apparent. Occasionally an 
axillary mass is palpable. If tumor growth progresses toward 
the spinal cord, varying degrees of neck pain and tetrapare¬ 
sis may he detected on neurologic examination; the specific 
neurologic deficits depend on the location of the ner\'e 
sheath tumor (see p. 1264), If the tumor involves the I t 
spinal nerve root, an ipsilateral Horner s syndrome may be 
detected. If the C8 spinal nerve root is involved, the cuta¬ 
neous trunci reflex (he,* panniculus reflex) may be dimin¬ 
ished or absent on the involved side. 

Patients with thoracolumbar involvement have varying 
degrees of back pain and paraparesis, and specific neurologic 
deficits may be detected, depending on the location of the 
nerve sheath tumor (see p. 1298), Occasionally patients have 
an obscure hind leg lameness. 

Imaging 

The results of survey spinal radiographs and myelography in 
patients with nerve sheath tumors depend on the location of 
the tumor with respect to the spinal canal. Nerve sheath tu¬ 
mors that originate in a dorsal spinal nerve root grow in an 
intradural-extramedullary location. This location produces 
a characteristic myelographic pattern characterized by a 

“golf tee" appearance, which is described and illustrated in 
Chapter 38 (see Fig, 38-16, p, 1208 ), Tumors that originate in 
a peripheral nerve outside the spinal canal and grow distally 
away from the spinal canal typically produce normal survey 
radiographs and myelograms. Tumors that originate in a pe¬ 
ripheral nerve outside the spinal canal and grow proximally 
through the intervertebral foramen and into the spinal canal 
may have an enlarged intervertebral foramen on survey ra¬ 
diographs and an intradural-extramedullary golf tee appear¬ 
ance myelographically (see Fig. 38-16, p. 1208), Changes in 
the intervertebral foramen on survey radiographs are best 
evaluated by oblique spinal views (see Fig. 39-34, p. 1231), 
Approximately 50% of patients have an intradural-ex¬ 
tramedullary mass; in rare cases oblique plain films may re¬ 
veal an enlarged foramen. 

Contrast-enhanced computed tomography (CT) may be 

used to visualize the brachial plexus in dogs. Patients with 
nerve sheath tumors often have a contrast-enhancing mass 
that can be localized to determine if the tumor is invading 
the spinal canal, I he contralateral normal brachial plexus 
serves as a comparison. Magnetic resonance imaging (MRl) 

has rarely been used in veterinary medicine to diagnose 


nerve sheath tumors and evaluate the degree of tumor inva¬ 
sion (Le„ presence or absence of tumor in the spinal canal); 
however, this imaging modality probably will become a 
valuable tool for helping to establish an early diagnosis and 
determining the appropriate surgical intervention. 


NOTE * Approximately 50% of patients with nerve 

sheath tumors have an intradural-extramedullary 
mass; in rare cases oblique plain films may reveal 
an enlarged foramen. 


Laboratory Findings 

Specific laboratory abnormalities are uncommon. Even 
though nerve sheath tumors often are subarachnoid, they 
rarely exfoliate cells. All that may be seen on analysis of the 
cerebrospinal fluid taken at the time of myelography is a 
nonspecific increase in protein. 


DIFFERENTIAL DIAGNOSIS 


Nerve sheath tumors of the brachial plexus must be differ¬ 
entiated from any disorder that causes a chronic, progres¬ 
sive, and obscure forelimb lameness, such as biceps tenosyn¬ 
ovitis, ligament strain or sprain injuries, nonerosive 
polyarthritis, brachial plexus neuritis or trauma, cervical ul¬ 
tra foramenal disk extrusion, cervical intervertebral disk ex¬ 
trusion, caudal cervical spondyiomyelopathy (wobbler syn¬ 
drome), and cervical vertebral and spinal cord neoplasia. 
Careful evaluation of diagnostic differentials including or¬ 
thopedic examination, neurologic examination, radiography- 
myelography, CT scanning, electrodiagnostics, and early 
brachial plexus exploration should differentiate these condi¬ 
tions from nerve sheath tumors. 

Nerve sheath tumors of thoracolumbar and sacral nerves 
must be differentiated from any disorder that causes varying 
degrees of progressive upper motor neuron or lower motor 
neuron paraparesis with or without back pain, including 
vertebral and spinal cord neoplasia, diskospondylitis, inter¬ 
vertebral disk extrusion, thoracolumbar and sacral spinal 
trauma, fibrocartilaginous embolism, and vascular throm¬ 
bosis. Diagnostic differentials are similar to those used to 
differentiate brachial plexus tumors and are listed above. 


MEDICAL MANAGEMENT 


Early diagnosis and a systematic surgical approach are the 
keys to a successful long-term prognosis for patients with 
nerve sheath tumors. Because of these tumors' slow growth 
and mesenchymal origin, they are insensitive to chemother¬ 
apy and radiation therapy. 


SURGICAL TREATMENT 


Early diagnosis and complete tumor excision constitute the 
treatment of choice for nerve sheath tumors. Surgery for 
brachial plexus nerve sheath tumors must be based on an ac¬ 
curate knowledge of the tumor's location with respect to the 
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spinal canal. A positive myelogram (i.e,, indicating the pres¬ 
ence of an intradural-extramedullary mass) requires that a 
dorsal laminectomy and durotomy be performed to allow 
necessary exposure and complete tumor resection. If an 
intradural-extramedullary tumor is growing peripherally 
through the foramen, it will be difficult to follow die tumor 
far enough peripherally from a dorsal laminectomy to allow 
complete resection. In such cases it may be necessary to ex¬ 
plore the affected peripheral nerve separately in a second 
procedure (i.e., brachial plexus exploration or amputation ). 
An alternative approach, when the limb is severely atrophied 
and nonfunctional, is to perform a forelimb amputation 
(he., scapular resection) and proceed directly to a dorsolat¬ 
eral hemilaminectomy from the same approach. A negative 
myelogram with a palpable mass or strong evidence of a 
brachial plexus lesion requires exploration of the brachial 
plexus. Tumors often feel firm, ropy or nodular and appear 
discolored; they may involve one or several peripheral 
nerves. If a solitary nerve is involved, it should be excised as 
close to the foramina as possible. The specimen should be 
tagged with suture proximally to orient the pathologist (or 
inspection of tumor margins. If multiple nerves are in¬ 
volved, postoperative limb function deficits after tumor re¬ 
section may warrant forelimb amputation. If the tumor ex¬ 
tends proximally (i.e., toward the spinal canal) beyond the 
limit of a brachial plexus exploration, amputation and dor¬ 
solateral hemilaminectomy are performed for further nerve 
root exposure and resection. Surgical approaches for pa¬ 
tients with brachial plexus tumors based on the tumor's lo¬ 
cation are summarized in Table 43-4, 


NOTE * Be sure to tag the specimen with suture 
proximally to orient the pathologist and allow in¬ 
spection of tumor margins. Warn owners that post¬ 
operative limb function deficits after resection may 
necessitate foreltmb amputation. 


Surgery for thoracolumbar and sacral nerve sheath tu¬ 
mors is also based on an accurate knowledge of tumor 
location with respect to the spina! canal. Most tumors in this 
location have an intradural-extramedullary mass myelo- 
graphically and are treated by dorsal laminectomy, facetec¬ 
tomy and foramenotomy on the affected side, with complete 
tumor resection if possible. 

Preoperative Management 

The preoperative management of patients with nerve sheath 
tumors is similar to that for cervical (see p, 1213) and thora¬ 
columbar (see p. 1269) spinal and vertebral neoplasms. Pa¬ 
tients with neurologic signs consistent w ith spinal cord com¬ 
pression or those that require laminectomy are treated with 
corticosteroids preoperativdy; patients with peripheral nerve 
involvement only are not treated with preoperative corticos¬ 
teroids. The use of prophylactic or therapeutic antibiotics is 
based on the criteria listed on p, 1214 (see also Table 39-4), 

Anesthesia 

The suggested anesthetic regimens for cervical spinal disor¬ 
ders (p. 1213) and thoracolumbar spinal disorders (p. 1269) 


TABLE 43-4 


Systematic Approach to Brachial Plexus Tumors Based on Tumor Location 


MYELO GRAPH 1C 
LOCALIZATION * 


SURGICAL LOCALIZATION SURGICAL APPROACH 


Intradurol-extramedullary Dorsal root only 
mass present 


Dorsal laminectomy and complete nerve resection 

Dorsal laminectomy and proximal nerve resection; then exploration 
of the brachial plexus and distal nerve resection 

or 

Dorsal laminectomy and proximal nerve resection; then forelimb 
amputation with dorsolateral hemilaminectomy facetectomy and 

foramenotomy and distal nerve resection 

Exploration of the brachial plexus with nerve root resection 

Exploration of the brachial plexus and nerve resection if limb func¬ 
tion can be preserved 

or 

Exploration of the brachial plexus with amputation if limb function 
cannot be preserved 

or 

Forelimb amputation without exploration of the brachial plexus 

Exploration of the brachial plexus with forelimb amputation and 
dorsolateral hemilaminectomy Facetectomy and foramenotomy 
and nerve resection 


Dorsal root, intervertebral 

Foramen, and peripheral 


nerve 


Intradural-extramedullary Axillary mass only 

One nerve involved 
Multiple nerves involved 


mass absent 


Axillary mass with extension 
toward or into the spinal 
canal 


* Myelography is performed before surgery in oil patients suspected of having a nerve sheath tumor. 
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Neurosurgery 


are appropriate for patients requiring surgery for brachial 
plexus and thoracolumbar nerve sheath tumors, respectively. 

Surgical Anatomy 

A basic knowledge of the anatomic relationship of the cervi¬ 
cal vertebrae, spinal cord segments, and peripheral nerves, as 
well as the forelimb muscles innervated, may be helpful in 
the diagnosis and localization of brachial plexus nerve 

sheath tumors (Fig, 43-4), 

Positioning 

Patient positioning depends on the general spinal location 

of the tumor (he., cervical, thoracolumbar, or sacral ), the 
mydographic location of the tumor (i,e., intradural- 
extramedullary mass present or absent), and the surgical ap¬ 
proach chosen (see Table 43-4), Patients that require dorsal 
cer v k a I 1 a min ecto i i ly o r do rsol ater al ce r v i c a I he m il a m i n ec - 
tomy are positioned as described on p. 1224 (see also Fig, 
39-23, p. 1224). Patients that require dorsal thoracolumbar 

or lumbosacral laminectomy are positioned as described on 

p. 1270 (see also Fig. 40-3; p. 1303; and Fig. 41-1). Patients 
that require forelimb amputation are positioned 


scribed on p, 1176 (see also Fig. 37-6, p. 1178). Patients that 
require brachial plexus exploration are positioned in lateral 
recumbency with the affected limb uppermost. The limb is 
widely clipped and draped to allow free range of motion of 
all joints during surgical manipulation. 


SURGICAL TECHNIQUES 


The surgical technique depends on the location of the nerve 
sheath tumor ( i.e., cervical region, brachial plexus, thora 
columbar region, intradural-extramedullary or axillary area 
dorsal root, intervertebral foramen, or combination); tech 

niques are discussed below with respect to the tumor s loca¬ 
tion. If extensive brachial plexus involvement is identified 
during brachial plexus exploration (i.e., multiple nerves, 
nerves innervating triceps muscles) and postoperative neu¬ 
rologic function of the extremity will be severely compro¬ 
mised by tumor resection, amputation should be consid¬ 
ered. If, during brachial plexus exploration, one or more 
nerves are identified as having a nerve sheath tumor and the 
distal extent of the tumor can be identified, it is resected as 
described below. If multiple nerve involvement is found, am¬ 
putation should be considered. If the proximal portion of 
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FIG 43-4 

Anatomy of the brachial plexus. The muscle groups innervated by nerves of the brachial 
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the tumor extends into the spina! canal, the tumor is re¬ 
sected to the point of the intervertebral foramen, and a dor¬ 
solateral cervical hemilaminectomy, facetectomy, and fora¬ 
minotomy (see p. 1220 and also Fig. 39-16, p, 1221) 
performed to complete proximal tumor resection. 

With spinal cord involvement, the patient should be 
sitioned as described for dorsal laminectomy on p. 1270 (see 
also F ig. 40-3, p. 1270), A dorsal laminectomy should be 
formed at the involved vertebrae, and laminae should be 
moved (rom the vertebra cranial and caudal to the affected 
spinal nerve root. The dorsal aspect of the dural tube should 
be carefully explored and a durotomy performed as de¬ 
scribed on p. 1284, Once th e proximal and distal margins of 
the tumor have been identified, a p e d i culecto my, facetec¬ 
tomy, and for a m en o to m y (as described on p. 1274) should 
he performed if necessary to allow adequate visualization of 
the distal tumor margin. The tumors should be resected 
described below and the proximal and distal 
marked with suture or India ink. 


low detailed histopathologic inspection. Remove the stay 

fures from the dural incision; dural closure is not necessary. 

Harvest an autogenous fat graft and place it over the 

posed spinal cord and dora. Close the remainder of th 
gical wound as 

Cervical Spinal Cord and Brachial 
Plexus Involvement 

It upon completing a dorsal cervical laminectomy and duro¬ 
tomy it becomes evident that the tumor is exiting through the 
intervertebral foramen , resect the proximal portion of the tu- 

clescribed above , perform a facetectomy and fora- 

menotomy as described on p. 1220 (see also Fig. 39-16 , 
p- 1221), and complete distal tumor resection . if the distal 
portion of the tumor continues into the brachial plexus, close 
the dorsal cervical laminectomy facetectomy and fora- 
menotomy routinely and reposition the patient for brachial 
plexus exploration and possible forelimb amputation to 
achieve resection of the distal portion of the tumor. 


su- 


ex- 


are 


e sur- 

described for dorsal laminectomy p. 1224 . 


po 


p e r- 


re- 


mor as 


as 


margins 


Spinal Cord Involvement 
{Cervical or Thoracolumbar) 

Perform a dorsal laminectomy as described on p. 1224 (see 
olso Ftg. 39-24, p. 1225) to include the laminae of the 

tebrae cranial and caudal to the affected dorsal 
Expose the dural tube and perform a durotomy as described 

on p . 1284 , Using 8-0 to 10-0 monofilament , nonab¬ 
sorbable suture with 


Exploration of the Brachial Plexus: 

Craniomedia! Approach 

Position the patient for 
brachial p/ex us 


a craniomedial approach to the 
described above. Incise ■along the axilla 
from the jugular furrow to include the entire extent of the ax¬ 
illa caudally (Fig* 43-6, A). Dissect the subcutaneous tissue 

and identify the medial edge of the brachiocephalicus 

cte. Identify and isolate the cranial portion of the superficial 

pectoral muscle (Fig. 43 6, BJ, Sever the cranial edge of the 

superficial pectoral muscle near its insertion on the humerus. 

Abduct the limb and bluntly dissect the deep tissues lateral to 

the first rib. Expose the brachial plexus by careful dissection 
around the nerves 


ver- 


as 


nerve root. 


mus- 


swaged-on fine taper-point microsur- 
gkal needle , place two stay sutures in the edges of the dural 
incision to act as retractors. With gentle traction ana coun- 
tertraction on the stay sutures, carefully expose the nerve 

sheath tumor (Fig. 43-5). Identify the tumor margins proxt- 
mally and distally. Use bipolar cautery to carefully cauterize 
radicular vessels at the points of tumor resection. Excise th 
tumor using sharp dissection ■ Mark the proximal and distal 
margins of the resected tumor with suture or Indio ink to aI- 


a 


and the axillary artery and vein (Fig. 

43-6 , C). Examine each nerve for the presence of a thick¬ 
ened, discolored, ropy or nodular appearance. Attempt to 
identify the specific nerves affected in order to predict the 

neurologic function of the forelimb postoperatively. If 
satiable function 


e 


rea - 

be preserve^ resecf the tumor, identify 
its proximal and distal margins with suture or India ink, and 
close the incision routinely. If function cannot be preserved , 
consider forelimb amputation as described on p. 1177 (see 

Fig. 37-6, p. 1178 ). 
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Exploration of the Brachial Plexus: 
Craniolateral Approach 

Position the patient fo 

brachial plexus as described above. Incise the skin fro 

the midpoint of the cranial border of the scapula fo a point 

1 to 2 cm distal to the greater tubercle of the humerus (Fig, 

43-7, A). Identify and ligate the proximal communicating 
branch of the cephalic vein. 

transversarius muscle as it courses across the cranial border 
of the scapula; transect it at this level (see Fig. 43-7, A). Dis¬ 
sect ventrally through deep fascia along the dorsal border of 

the cleidobrachialis muscle. Retract the superficial cervical 
lymph nodes and omo irons versa ri us muscle craniatly and 
the cleidobrachiahs muscle ventrally and elevate the scapula 
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FIG 43-5 

Intradural nerve sheath tumor exposed by dorsal cervical 
laminectomy and durotomy. 
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FIG 43-6 


Craniomediol approach fa the brachial plexus. A, Make 


in incision a 


4 


a 


and superficial pectoral muscles, B, Incise the cranial 
edge of the superficial pectoral muscle and (C) retract the muscles, M , Musculocutaneous 
nerve; A, axillary nerve, j?, radial nerve, MU , median/ulnar nerve. 
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FIG 43-7 




Craniolaterol approach to the brachial plexus. A, Make a skin incision as shown and 
expose the omotransversarius muscle; transect it along the cranial border of the scapula. 
Retract the omotransversarius muscle cranially, the cleidobrachialis muscle ventrally, and 
the scapula caudodorsally to expose the brachial plexus, B 
scalenus muscle. C, Visualize the ventral branches of C7, C8, and T1 as shown 
M, Musculocutaneous nerve; A, axillary nerve. R, radial nerve. MU, median/ulnar 
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craniodorsally to expose the axilla. If branches of the 
cervical artery are 

Carefully separate the loose subscapular fat and fascia while 
retracting the scapula to expose the brachial plexus, if 
posure of the ventral branches of C7„ C8 f and T1 
quired f transect the scalenus muscle {Fig . 43-7, Bj along the 
cranial edge of the first rib (Fig. 43-7, C), Identify and resect 
tumors as described above. Close the scalenus and 
iransversorius muscles With 2 0 or 3 0 monofilament, ab¬ 
sorbable suture in a horizontal mattress pattern. Close the 
subcutaneous tissue and skin routinely. 


The prognosis for patients with nerve sheath tumors of 
the thoracolumbar and sacral region is unfavorable to grave. 
By the time the definitive diagnosis has been established, the 
tumors generally are not resectable. A more aggressive diag¬ 
nostic approach, as discussed with brachial plexus tumors, 
may lead to early diagnosis and improved response. 


omo- 


encountered, ligate and transect them. 


ex- 


are re~ 


omo- 


Sel ected abstracts of recent manuscripts _ 

Al-Quattan MM et al: Prevention and treatment of painful 
neuromas of the superficial radial nerve nerve repair 
cept: an experimental study and preliminary clinical 
periment. Microsurgery 20:99, 2000. The purpose of this 
study was to study the utilization of the end-to-side 
rhaphv concept in the prevention and treatment of painful 
neuromas. A total of 20 rats were divided into two 
(10 rats per group). In group A, the tibial nerve was divided 
and left lying in the subcutaneous tissue. In group B, the cut 
ends of the tibia] nerve were sutured to the adjacent peroneal 
nerve in an end-to-side fashion. Evaluation was performed 
90 days after nerve injury. For group A, the proximal end of 
the tibial nerve formed a “classic 

end showed a degenerated nerve. In group B, the proximal 
end of the tibial nerve formed a 

the nerve healed into the peroneal nerve with continuity of 
the epineurium of the two nerves. The distal end of the tib¬ 
ial nerve in group B showed evidence of axonal regeneration. 
Preliminary clinical experience utilizing the same technique 
in the prevention and treatment of painful neuromas of the 
superficial radial nerve is presented and other techniques of 
nerve-to-nerve implantation are discussed. 


con- 


ex- 


SUTURE MATERIALS AND 
SPECIAL INSTRUMENTS 


neuror- 


Special instruments necessary for cervical and thoracolum¬ 
bar laminectomy are listed on p. 1227. 


g ro u ps 


POSTOPERATIVE CARE 
AND ASSESSMENT 


Patients that require dorsal cervical or dorsal thoracolumbar 
laminectomy should be managed postoperalively as de¬ 
scribed on p. 122S (see Table 39-14, p. 1236) and p. 1227 (see 
Table 40-3, p. 1277), respectively. 

Patients that require brachial plexus exploration should 
be treated with analgesics and strictly confined for the first 
3 to 3 days after surgery and gradually allowed to return 
to function over 10 to 14 days. Neurologic examinations 
should be performed daily to assess the effect of nerve 
resection. Physical therapy is recommended, including 
heat application, muscle massage, tendon stretching, 
and passive range of motion exercises. Owners must be 
advised that self-mutilation 


neuroma, and the distal 


non-classic” neuroma and 


may occur, and protective 
bandaging may be indicated. A minimum of 3 months 

should be given to adequately assess the degree of func¬ 
tional return. 


Bagley RS et at: Clinical features of trigeminal 
sheath tumor in 10 dogs. / Am Amm Hosp Assoc 34:19, 
1998. The purpose of this study was to evaluate clinical 
of dogs with trigeminal nerve sheath tumors. Unilateral 
temporalis and masseter muscle atrophy were present in all 
cases. An enlarged foramen and distorted rostral petrous 
temporal bone were seen with computed tomography imag¬ 
ing in one case. Magnetic resonance imaging was used to 
identify the lesion accurately in seven cases. Surgery was per¬ 
formed for biopsy and lesion removal in three cases. Cases 
not treated had a progressive course eventually resulting in 
euthanasia or death. Of the cases treated 


nerve- 


ca ses 


Patients that require forelimb amputation should be 
treated with analgesics as needed and strictly confined for 
the first 3 to 5 days after surgery. Nonambulatory patients 
are assisted as necessary until they become ambulatory. Neu¬ 
rologic examinations should be performed monthly to 

t u mo r 

site should be palpated for local tumor recurrence. 


assess 


invasion into the spinal canal, and the amputation 


PROGNOSIS 


surgical ly, o ne c ase 
is alive without disease progression 27 months after surgery. 

Survival times of the nontreated cases ranged from 5 to 21 
months. 


The prognosis for patients with nerve sheath tumors of the 
brachial plexus generally is guarded to unfavorable. These 
tumors often are difficult to diagnose in the early stages, and 
when the diagnosis is finally established, wide surgical exci¬ 
sion (i.e., 2-cm margins proximally and distally) generally is 
not possible. Although nerve sheath tumors rarely metasta¬ 
size, they are locally invasive, and local recurrence at the site 
of resection or biopsy is common. A more 

nostic approach to obscure forelimb lameness that includes 
electrodiagnostics (i.e., electromyography, nerve conduction 
studies), advanced imaging techniques (i.e., CT scan, MRI), 

and early brachial plexus exploration may lead to improved 
patient response. 


Gerszten PC et al: Inhibition of peridural fibrosis after 
laminectomy using low-dose external beam radiation in a 
dog model. Neurosurgery 46:1478, 2000. The purpose of 
this study was to measure the efleet of low-dose radiation 
postlaminectomy peridural fibrosis development in a larger 
animal model. Three dogs underwent a total of 12 lumbar 
hemilaminectomies. Radiation was administered in 


on 


aggressive an 


a single 

fraction of 700 cGy using computed tomographic guidance 
for dosimetry planning. The results showed no complica¬ 
tions from the surgery, and no new neurologic deficits were 
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ternal beam radiation therapy administered 24 hours before 

laminectomy in a dog model significantly decreased the ex¬ 
tent and density of peridural fibrosis as well as nerve root en¬ 
trapment and subJaminar fibrosis. This treatment strategy 
may be efficacious in patients with recurrent radicular pain 

after lumbar discectomy that is l ho ugh l to be secondary to 
peridural fibrosis on the basis of gadolinium-enhanced MRI 
studies, and who might benefit from reoperation for nerve 

[inression* 


noted. There was a statistically significant difference between 
the irradiated and nonirradiated groups regarding the extent 
of fibrosis and the density of fibroblasts. There was also a 
marked difference in nerve root entrapment and the pres¬ 
ence of sublam mar fibrosis between the treatment and con¬ 
trol groups. MRI revealed less gadolinium enhancement at 
the ir r a d iat ed I eve] s co m p a red with the n on i rrad iat ed levels, 
confirming the usefulness of MRI in predicting the degree of 
epidural fibrosis. The authors concluded that low-dose ex¬ 


i 


i' 


T 


* 
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SPECIFIC DISEASES 


by foreign body migration or postoperative sequelae to disk 
fenestration. 

Because of the public health hazard, animals with 
diskospondylitis should be tested for Brucella amis infection, 

are relatively resistant to infection with R amis, how¬ 
ever, and the disease is relatively mild compared with infec¬ 
tions caused by other Brucella, Symptomatic human pa¬ 
tients may experience fever, chills, fatigue, malaise, 
lymphadenopathy and/or weight loss. 


srV • 


DISKOSPONDYLITIS 


DEFINITIONS 


Diskospondylitis is an infection of the intervertebral disk 
with concurrent osteomyelitis of adjacent vertebral end- 

J J 

plates and vertebral bodies. Infection confined to the verte¬ 
bral body is referred to as vertebral osteomyelitis. 


NOTE * * Be sure to inform clients of the potential 
health hazard of keeping can /s-infected pets. 


SYNONYMS 


1 11 fra d iska l osteo r i lyeli iis 

vertehra l sp o ii dy I itis 


disk it is, i r i te r ve rtcb ra I disk i 1 1 feet ion, 




DIAGNOSIS 

Clinical Presentation 

Signalmen t* Diskospondylitis usually occurs in large- 
breed dogs (i.e„ 30 to 35 kg or greater), with affected males 
outnumbering females approximately two to one. Large 
male dogs may have a higher degree of activity and thus 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


Organisms most commonly associated with diskospondyli¬ 
tis are Staphylococcus aureus and Staphylococcus intermedins. 
They have been cultured from blood, urine, or both in a sig¬ 
nificant number of patients with diskospondylitis. Other 
bacteria and fungi isolated from affected animals are listed in 
Table 44-1. Infection generally originates in a nonvertebra] 
location (le„ UT1, pyogenic dermatitis, valvular endocardi¬ 
tis, dental disease) and spreads hematogenously. Vertebral 
infection usually begins in the end plate, where sludging 
blood in sinusoidal veins is predisposed to bacterial colo¬ 
nization. Bacteria diffuse through the cartilaginous endplate 
of the vertebral body to contact the disk, resulting in lysis ol 

the adjacent endplate, disk necrosis, and collapse of the in¬ 
tervertebral space. Rarely, bacteria migrate dors ally and 
cause epidural abscess formation. Immunosuppressed pa¬ 
tients may he predisposed to developing diskospondylitis. 
Areas of the spine most commonly affected include lum¬ 
bosacral junction, cervicothoracic junction, thoracolumbar 
junction, and midthoracic disks. With the exception of the 
mid thoracic spine, each predisposed area is at 
kinetic junction of the spine (he 

adjacent to an area of relative spinal mobility), encouraging 
stress concentration. Infrequently, diskospondylitis is caused 


ABLE 44 1 


Organisms Commonly Cultured from Animals 
with Diskospondylitis 


Bacteria 

* Staphylococcus aureus 

* Staphylococcus intermedius 

corn's 

* Streptococcus spp. 

* Esc fieri chi a coll 

* Pasteurella multocida 

ces vise us 

* Norcardia spp. 

* Mycobacterium avium 

Fungi 

* Aspergillus spp. 

* Paedlomyces variotti 

* Mucor spp. 

* Fusarium spp. 


area of spinal stability 
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negative results may occur. Myelography is mandatory in pa¬ 
tients requiring surgical intervention. It allows documenta¬ 
tion of the presence of an extra dural mass, dictates the 
necessary decompressive technique (he,, dorsal vs. hemil¬ 
aminectomy), and may suggest the presence or absence of 
spinal instability (i.e., stress myelography). However, the de¬ 
gree of spinal cord or cauda equina compression cannot be 
used to predict outcome, nor is there a significant correla¬ 
tion between the degree of spinal cord compression and 
neurologic status. 

Laboratory Findings 

Laboratory abnormalities vary considerably. Generally a 
normal or stress leukogram is seen; leukocytosis does not oc¬ 
cur unless other systemic abnormalities are present (i.e., 
UTI, endocarditis, pyoderma, prostatic abscess). The serum 
biochemical profile is usually normal, unless other systemic 
abnormalities are present. UTI has been reported in up to 


place more stress on the spine, presumably predisposing 
these areas to infection. Some reports suggest that German 
shepherds are over-represented. Age at presentation is gener¬ 
ally less than 4 years; however, conflicting reports suggest 
that a significant number of patients maybe middle aged or 
older (i.e.j 5 to 9 years) (Kerwin et al, 1992). 

History* The onset of symptoms is generally insidious, 
but careful historical evaluation may reveal subtle lameness, 
difficulty jumping, anorexia, depression, and/or weight loss 
for weeks to months previously Varying degrees of chronic 
paraparesis or tetraparesis may occur later; if the condition 
is acute, it may be associated with pathologic fracture, 
epidural abscess, or the protrusion of infected dorsal annu¬ 
lus fibrosus into the spinal canal. 


NOTE * The hallmark of patients with 
diskospondylitis is spinal hyperpathia [i.e., neck or 
back pain on deep palpation) associated with sys¬ 
temic disease. 


Physical Examination Findings 

Physical and neurologic examination findings vary depend¬ 
ing on location, severity, and secondary effects of the infec¬ 
tion. Patients presented early in the course of the disease 
may have systemic signs (i.e., depression, weight loss, fever); 
evidence of spinal involvement includes hyperpathia with¬ 
out paresis. Patients presented later generally have more sub¬ 
tle signs of systemic involvement coupled with profound 
neurologic signs (i.e 

pathia, with varying degrees of paresis caudal to the lesion ). 
Less frequently, patients may have an acute onset of back 
pain and ambulatory or nonambulatory paraparesis or 
tetraparesis, with or without systemic signs. Diskospondyli¬ 
tis should be considered in any patient with signs of spinal 
disorder and systemic illness. Specific neurologic signs de¬ 
pend on location of the lesion and are discussed on p, 1200. 

Radiography/Ultrasonography 

Diagnosis of diskospondylitis is confirmed by survey radio¬ 
graphs. The earliest radiographic signs become evident at 10 
to 14 days after initial infection and include lysis of one or 

both vertebral endplates, followed by collapse of the inter¬ 
vertebral disk space. As the infection progresses, radio- 
graphic signs of continued vertebral end pi ate lysis, prolifer¬ 
ative bony changes adjacent to lhe disk space, sclerotic 
margins, and ventral osseous proliferation with varying de¬ 
grees of bridging spondylosis result (Fig. 44-1). Infrequently, 
and depending upon the offending organisms' continued 
virulence, vertebral body lysis followed by vertebral body 
shortening and spinal instability may be seen. The hallmark 
of diskospondylitis is intradiskal lysis. Patients with spondy¬ 
losis deformans, an asymptomatic and generally incidental 
radiographic finding, do not have intradiskal lysis (Fig, 
44-2). Bone scintigraphy is helpful in diagnosing early cases 
of diskospondylitis (i.e,, as early as 3 days). Although scintig¬ 
raphy is extremely sensitive in diagnosing early lesions, false 


single or multi-level hyper 


severe 


FIG 44-1 

Lateral radiograph of a dog with L3-L4 diskospondylitis. 
Notice the intradiskal lysis, vertebral endplate lysis, ventra 
spondylosis, and sclerosis surrounding lytic margins. 


FIG 44-2 

lateral radiograph oF a dog with L2-L3 and L3-L4 
spondylosis deformans. Notice the ankylosing spondylitic 
bridge of mature bone and normal intervertebral space and 
endplates. 
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40% of cases; occasionally the same organism is identified in 
blood and bone cultures (Kornegay, 1993). Blood cultures 
are positive in 30% to 70% of patients. Cerebrospinal fluid 
analysis is generally normal but will occasionally show mild 
protein elevation. A bone culture is generally not performed 
but may be done by a percutaneous, fluoroscopically guided 
needle biopsy (e.g., similar to a bone marrow aspiration 
biopsy) or by surgical intervention. Culture results 

eraJly unrewarding but may identify the same 

urine and blood cultures- Positive Brucella titers 
stonally found. The rapid slide test for Brucella has 
false positive reactions, but few false negatives. Therefore, if 
the rapid slide test is positive, it should be confirmed with a 
tube agglutination or agar gel immunodiffusion test. 


h TABLE 44-2 


Antibiotics for Use in Diskospondylitis* 


Amikacin (Amiglyde-V) 

10 mg/kg IV, IM, SC, fid 


Cephradine (Veslosef) 


are gen- 
organism in 


20 mg/kg PO, tid 


are occa- 

m a nv 


Clindamycin (Anfrirobe) 


1 ] mg/kg PO, bid 


Cloxadllm [Cloxapen, Orbenin, Tegopen) 


10 mg/kg PO, qfd 


Doxycydine (Vibramycin) 


NOTE • Because of the public health risk, perform 
Brucella titers in diskospondylitis. 


5 mg/kg PO, bid 


Enrofloxacm (Baytril) 


10-20 mg/kg PO or IV, sid 


DIFFERENTIAL DIAGNOSIS 


Gentamicin (Gentocin) 

2 mg/kg IM, bid for 1 week; monitor renal function 


Diskospondylitis must be differentiated from spondylosis 
deformans and spinal neoplasia. Spondylosis and sclerosis 
common findings in both spondylosis deformans and 
diskospondylitis; however, vertebral endplate lysis is only 
seen with infection (see Fig. 44-2). Similarly, endplate lysis of 
adjacent or multiple vertebrae is uncommon in spinal neo¬ 
plasia; lysis is generally associated with the vertebral body, 

lamina, pedicles, and dorsal spinous processes of a single 
vertebra (see p. 1264), 


Minocycline (Minocin) 


are 


10 mg/kg PO, bid 


Streptomycin 

20 mg/kg bid, IM, for I week 


^Duration of therapy may be based on one or a combination of the 
following guidelines: 

* Treat for 6 to 8 weeks 

* Treat for 2 weeks after resolution of clinical signs 

* Treat until radiographic evidence of ankylosing spondyl 

* Treat until Brucella titer is negative 


MEDICAL MANAGEMENT 


I herapy depends on presenting neurologic examination, 
laboratory data (i.e., urine, blood, and/or bone cultures and 
Brucella titer), and serial neurologic examinations. Gener¬ 
ally, patients that present with pain alone or pain and mild 
paresis, regardless of the number of vertebra affected, 
treated with analgesics, antibiotics, and 4 to 6 weeks of strict 
confinement. Specific antibiotic therapy is based on results 
ot a urine, blood, and/or bone culture and susceptibility rest¬ 
ing and Brucella titer. Antibiotics chosen should be bacteri¬ 
cidal, achieve minimum inhibitory concentrations in bone, 
and be effective against the causative organism. If cultures 
and titers are negative, empirical selection of an antibiotic is 
based on the most likely causative agent (i.e., Staphylococcus 
intermedins or Staphylococcus aureus). A g-lactamase resist¬ 
ant antibiotic (e.g., cephradine, clindamycin, cloxacillm) 
should be used in these patients (Table 44-2). A combination 
ot a tetracycline (i.e., doxycycline, minocycline) plus 
aminoglycoside (i.e., streptomycin, gentamicin, amikacin) 
or fiuroquinolone (i.e., enrofloxadn) should be used for 
diskospondylitis secondary to B. amis . Patients should be 
treated until the Brucella titer is negative. 

Approximately 80% to 90% of patients respond to an ap¬ 
propriate course ot medical management. Patients unrespon¬ 
sive (i.e., continued hyperpathia without paresis) within 7 to 
10 days to medical therapy should be treated with a different 
antibiotic. If pain persists, a third antibiotic may he attempted, 


OS 15 


or surgical curettage may be performed to obtain bone 
pies for culture and susceptibility testing, and to debride in- 
tradiskal lesions. Analgesics may be indicated in animals that 
appear to be in pam. Aspirin (5 to 10 mg/kg, PO, tid for 7 days, 
then as needed up to 3 to 6 weeks) or phenylbutazone (Buta- 
zolidin [22 mg/kg, PO, tid for 7 days, then as needed up to 3 
to 6 weeks]) is most commonly used. Do not prescribe 
than 800 mg of phenylbutazone per day. 


sa m - 


are 


more 


SURGICAL TREATMENT 


If a medically treated patient shows neurologic deterioration 
(i.e,, paraparesis or tetraparesis) or if a patient presents with 
acute onset of spinal hyperpathia and weakly ambulatory 
or nonambulatory paraparesis or tetraparesis, the following 
procedures may be performed: myelography, spinal cord de¬ 
compression, bone samples for culture and susceptibility 
testing, debridement of intradiskal lesions, placement of 

autogenous cancellous bone graft in the intervertebral space, 
and spinal stabilization (if indicated). Myelography should 
be performed to determine the specific location of the 
pressive Iesion (see p. 1204). Spina 1 cord deco m pression 
be performed via a dorsal laminectomy or hemilaminec¬ 
tomy; hemilaminectomy is preferred because it creates the 


an 


an 


an 


co m - 


m a v 
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Preoperative Management 
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the spine affected (i.e., cervical, thoracolumbar, and lum¬ 
bosacral) on pp. 1213, 1269, and 1302, respectively. 

Anesthesia 

Suggested anesthetic protocols for spinal surgery 
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Surgical Anatomy 
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(he., cervical, thoracolumbar, and lumbosacral) are provided 
pp. 1215, 1269, and 1302, respectively. 
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on 


complication of diskev 


SURGICAL TECHNIQUE 


See surgical technique descriptions for each specific location 
of the spine affected (he., cervical, thoracolumbar, and lum¬ 
bosacral) on pp, 1216, 1270, and 1303, respectively. 


dog,/ A m Vet Med As 


SUTURE MATERIALS/ 
SPECIAL INSTRUMENTS 


■ 


Avoid using nonabsorbable muhifilament sutures (e.g., silk) 
in infected surgical sites. 


POSTOPERATIVE CARE 
AND ASSESSMENT 


GRANULOMATOUS 

MENINGOENCEPHALITIS 


After surgery, these patients should be assessed as described 
on pp, 1228, 1277, and 1304, Antibiotics should be contin¬ 
ued for a m in i mum o f 4 to 6 wee ks. 


DEFINITIONS 


PROGNOSIS 


Granulomatous meningoencephalitis (GME) is an acute, 
progressive inflammatory disease of the central nervous sys¬ 
tem (CNS), characterized histologically by large perivascular 
accumulations of mononuclear cells in the parenchyma and 
meninges of the brain and spi nal cord. 




neurologic examination findings at 

to initial medical 


Prognosis depends on 
presentation and the patient's response 
management. Patients with spinal hyperpathia only or spinal 
hyper pa thia plus ambulatory paresis have a favorable to ex¬ 
cellent prognosis. Those with spinal hyperpathia and weakly 
ambulatory paresis, particularly if weakness is 
spinal pain, have a favorable prognosis. Patients with either 
of the above neurologic findings that do not respond to an 

course of medication have a guarded to favorable 
prognosis for responding to either a different antibiotic or 
surgical bone culture and intradiskal debridement. 

Patients with an acute onset of spinal hyperpathia, weakly 
ambulatory or nonambulatory paraparesis or tetraparesis, 
evidence of an extradural lesion, and no evidence of spinal 
instability have a guarded prognosis when treated surgically. 
If these patients have evidence of spinal instability, the prog¬ 
nosis is guarded to unfavorable. 


SYNONYMS 


inflammatory GME , granulomatous meningoen- 


GMEy 

cep halo myelitis, focal GME, ocular GME T reticulosis , histio¬ 
cytic encephalitis, neoplastic reticulosis 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 

PATHOPHYSIOLOGY 


neurologic disorder that may affect any portion of 
the CNS (i.e,, meninges, brain 

is predominant in white matter; however, many dogs have 
meningeal involvement, and occasionally gray matter may 


is a 


and spinal cord). The lesion 
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be affected. In advanced cases> perivascular lesions extend 
into the CMS parenchyma and merge with adjacent lesions, 
forming large coalescent granulomas. The severity of lesions 
and their regional location (he*, cerebral, cerebellar, cervical 
spinal cord, brainstem) are variable. Three forms of the dis¬ 
order have been described: disseminated, focal, and ocular. 
History, neurologic examination, laboratory findings, and 
course of disease may differ depending on the form (Table 
44-3), The cause ol GME is currently unknown. Suggested 
hypotheses include a cell-mediated immune response to the 
sustained presence ot an infectious agent; an inflammatory 
process that may be transformed to a neoplastic one, possi¬ 
bly involving a cell-associated virus; ora genetic predisposi¬ 
tion, The incidence of GME ranges from 3% to 23% of all 
CMS disorders in dogs. 


Significant neurologic examination findings include cervical 
pain evidenced by nuchal rigidity (i.e., suggesting meningeal 
involvement) or nystagmus, head tilt, blindness, and facial 
and trigeminal palsy (he., suggesting brainstem 
mem). Ataxia, paraparesis or tetraparesis, seizures, circling, 
altered states of consciousness, and behavioral changes 
also common. Clinical signs referable to the forebrain 
most common with focal involvement, whereas signs refer¬ 
able to the forebrain and brainstem are most commonly seen 

with the disseminated form. Patients with the disseminated 
form may present with fever. Animals with the ocular form 
may have sudden blindness or pupillary abnormalities (i.e., 
anisocoria, decreased pupillary light reflexes), 

Radiography/Ultrasonography 

Survey radiographs are normal. Patients that have signs sug¬ 
gesting focal extradural spinal cord lesions (i.e,, neck pain 
and varying degrees of tetraparesis) should have a cerebral 
spinal fluid (CSF) analysis before injecting contrast media 
into the subarachnoid space. Myelography is generally 
mal but occasionally reveals diffuse spinal cord swelling, A 
CT scan (particularly when contrast-enhanced) may be 
helpful in the diagnosis of local GME. Focal intracranial 
GME may show contrast enhancement similar to that 
with intracranial neoplasia; enhancement is subjectively less 
in patients with GME than in patients with focal neoplasia. 
A presumptive diagnosis of GME is based on signalment, 
history, progression of clinical signs, CSF analysis, and re¬ 
sults of a contrast-enhanced CT scan. 

Laboratory Findings 

CSF analysis often reveals a mild to marked mononuclear 

pleocytosis consisting of lymphocytes, monocytes, and 

sional plasma cells. Neutrophils may be seen in up to two 
thirds ot affected animals. They generally make up less th 
20% of the total cell count but occasionally p redo min at 


involve- 


are 


are 


DIAGNOSIS 

Clinical Presentation 


Signalment. GME occurs in young to middle-aged dogs 

(i.e., 2 to 6 years); however, occasional reports of dogs 

young as 9 months have been described (Thomas and Eger, 

1989), Females are more often affected than males. This 
dition occurs most 


as 


nor- 


co n - 

commonly in toy breeds, particularly 
poodles and terriers; mixed breeds and larger breeds are af¬ 
fected less frequently. GME is rarely diagnosed in cats. 

History. Patients generally present with an acute history 
of continuous or episodic progression of multifocal 
logic disease that may involve the brain, meninges, and/or 
cervical spinal cord. Clinical presentation depends on loca¬ 
tion of lesions and tile form of the disease (Le., dissemi¬ 
nated, focal, or ocular) (see Table 44-3). 


seen 


neuro- 


Physical Examination Findings 

Physical and neurologic examination findings are variable 
and depend on lesion localization and the form of disease 
present (i.e., disseminated, focal, or ocular) (see Table 44-3). 


occa- 


an 


e. 


TABLE 44-3 


Clinical Signs Associated with Various Forms of GME 


FORM* 


LESION LOCATIONf CLINICAL SIGNS 


DURATION OF SIGNS 


PROGNOSIS 


Disseminated 


Lower brain stem 
Cervical spinal cord 

Meninges 
Brain stem 
Cerebral cortex 
Cerebellum 
Cervical spinal cord 
Ocular nerve 


Acute onset; rapidly progres¬ 
sive; fever may occur early 


1 to 8 weeks [25% are 
dead in 1 week) 

3 to 6 months 


Grave; may live 1 2 

to ] 6 weeks 

Unfavorable; may live 

up to 12 months 


Focal 


Insid ious onset; signs consist 
tent with 


a space- 

occupying mass 


Ocular 


Sudden blindness; anisocoria 


3 to 6 months§ 


Unfavorable; may 
12 to 18 month 


tve 


x The disseminated and Focal farms frequently occur together; the ocu 
forms. 


farm may 


occur alone or accompanied by the disseminated or focal 

fAfthough lesions can occur anywhere in the CNS, each form of the disease seems to have a predilection for specific locations. 

{Specific clinical signs are associated with lesion location; see p. 1 202 for a description of signs expected in each location. 

§IF the ocular form is present with the disseminated form, duration of signs and prognosis usually follow the disseminated form. 


or 
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dosage schedule are dependent upon response 
however, patients should be continued on a maintenance dose 
indefinitely. If therapy is discontinued, rapid exacerbation of 
clinical signs often occurs, and it may be difficult to achieve a 
second remission. Patients with mild clinical signs are treated 
initially with oral prednisone (see Table 44-4). Because of the 
poor long-term prognosis associated with the use of corticos¬ 
teroids, alternate therapeutic regimes (antineoplastic drugs, 
immunosuppressive drugs, radiation therapy) have been 
tried. At this time, an adequate number of patients have not 
been treated and followed to determine efficacy. Patients with 

should be treated with anticonvulsant medications. 


to 


u sually m i 1 dly t o m od crate ly e le - 


Protein concentrations are 

vated, occasionally without an elevation in cell count. Previ- 
corticosteroid treatment does not appear to dramatically 
alter CSF cellularity. Techniques for performing cisternal 
and lumbar taps are described in Chapter 33. Patients with 


ous 


be neutrophilic. 


diss em i ttat ed G M E m ay 


NOTE • CSF obtained from the cistern is preferable 
to that obtained from a lumbar tap because the 
medulla and cervical spinal cord are usually 
severely affected than the lumbar spinal cord. 


more 


seizures 


SURGICAL TREATMENT 


DIFFERENTIAL DIAGNOSIS 


GME is not a surgical disorder 


GME should be suspected in any mature small-breed dog 
with acute, progressive, 


multifocal disease involving the 
cervical spina! cord, I he differential di- 
is of GME must include other infectious diseases of the 

bacterial, viral, fungal, parasitic, rickettsial), ex- 


PROGNOSIS 


brain, meninges, or 


generally unfavorable to grave 

with corticosteroid ther 


Prognosis for GME i 

Table 44~3). Duration of remission 

apy varies with the form of disease: patients with 

seminated form usually do not survive longer than 12 to 16 

up to 12 


IS 


ag n o sis 


brain (Le 

tradural cervical spinal disorders (i.e., intervertebral disk ex¬ 
trusion, fracture/luxation, instability, malformation), and 

astrocytoma, ependy- 

Diagnosis is based on 


weeks; those with tire focal form may survive 
months (particularly if the lesion is in the forebrain); pa¬ 
tients with purely ocular GME may survive 12 to 18 months, 

significant difference in survival between 

disseminated 


primary (i.e., meningioma, glioma 
mama) as well as metastatic neoplasia, 
history, signalmen!, onset and progression of clinical signs 

CSF analysis, results of imaging 
examination of CNS tissue. Definitive diagnosis of GME is 

based on characteristic histopathologic lesions in affected 


In one report, a 

dogs with focal (median, 114 days) versus 
(8 days) GME was found (Munana and Luttgen, 1998). In 

addition, patients that were treated with radiation therapy, 

particularly those with clinical signs suggesting focal 

vehement, had a significant increase in survival. 


t ech n i qu es, an dpo st m o rt e m 


CNS tissue. 


in- 


MEDICAL MANAGEMENT 


Corticosteroids are recommended for treatment of patients 
with GME. The type of steroid, route of administration, 
dosage schedule, and duration of therapy depend on initial 
presenting signs. Patients with moderate to severe clinical 
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Bailey CS, Higgins RJ: Characteristics of cerebrospinal fluid associ¬ 
ated with canine granulomatous men ingo e ncephalomydit i s: a 

retrospective study, / Am Vet Med Assoc 188:418, 1986. 

|R: Granulomatous meningoencephaiomyelitJS, Vet Med Rep 


TABLE 44-4 


Co o k 


Corticosteraid Therapy of Dogs with GM E 


1:321,1989. 

Cordy DR: Canine granulomatous meningoencephalomyditis, Vet 

Pathol 16:325, 1979, 

Eva n s 


Moderate to Severe Clinical Signs 
Dexameth asone 

0 2-2 mg/kg IV 

Predn isone 

1-2 mg/kg PO bid, for 2 to 3 weeks; taper over a 3- to 
4-week period to 2.5 to 5 mg total dose eod 

Mild Clinical Signs 
Prednisone 

1-2 mg/kg PO, bid For 2 to 3 weeks; taper as 

above 


, / Ve t Int Med 


al: Radiation therapy of brain masses 


et 


Plummer SB et al: Computed tomography of primary inflamma- 

dogs and cats, Vet Radiol Ultrasound 


tory brain disorders in 

33:307, 1992. 

Sarfaty D, Carrillo JM, Greenlee PG: Differential 

ulomatous meningoencephalomyelitis, distemper, and suppura¬ 
tive meningoencephalitis in the dog, fAm Vet Med Assoc 188.387, 


diagnosis of gran • 


described 


1986. 

Speciale I et al: Computed tomography in the diagnosis 

memngoencep halomyeliti s: retrospective evalu 


granulomatous 
at ion of three cases, j Am Anhn Hasp Assoc 28: 


day; eod, every other day. 


hid, Iwi 
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T36 7 


Thomson CE, kornegay JN f Stevens IB: Analysis of cerebrospinal 

thud from the cerebellomedullary and lumbar cisterns of dogs 

with focal neurologic disease: 145 cases (1985-1987), J Am Vet 
Med Assoc 196:1841, 1990, 


Radiography/Ultrasonography 

Survey radiographs and myelography are normal in 
tients with degenerative myelopathy Myelography 
lo eliminate other spinal cord disorders that mimic degen - 
erative myelopathy (e.g., chronic disk protrusion, spinal 

neoplasia). 11 a mild disk protrusion is diagnosed on myel¬ 
ography, the degree ot spinal cord compression should be 
correlated with observed neurologic signs before treatment 
is considered. Patients, in particular German shepherds, 

ma> have both diseases at the same time. Surgical treatment 
of a mild disk protrusion in the lace of degenerative 

myelopathy may not be warranted. MR1 may help demon¬ 
strate spinal cord lesions. 

Laboratory Findings 

Laboratory findings are generally normal Cerebrospinal 
thud analysis may show mild increases in protein; however, 
this finding can be consistent with chronic disk 
or spinal neoplasia. 


pa¬ 


is used 


DEGENERATIVE MYELOPATHY 


DEFINITIONS 


Degenerative myelopathy is a neurologic disorder of un¬ 
known etiology causing progressive demyelination of long- 
iract fibers, which begins in the thoracolumbar spinal cord. 


SYNONYMS 


German shepherd myelopathy 


GENERAL CONSIDERATIONS 

AND CONICALLY RELEVANT 

PATHOPHYSIOLOGY 


protrusion 


Degenerative myelopathy is a progressive neurologic disor¬ 
der causing varying degrees of paraparesis. Pathologic find¬ 
ings include loss of myelin in the spinal cord white matter 

process that generally begins in the thoracic region. The 

cause is currently unknown. Suggested hypotheses include 

an immune-related disorder in German shepherds, vitamin 

B deficiency trauma, vascular disease, and familial neuronal 

atiophy At this time, all suggested etiologies remain unsup¬ 
ported. 


DIFFERENTIAL DIAGNOSIS 


The primary differential diagnoses for patients with degen¬ 
erative myelopathy are chronic disk protrusion ( 

type II disk protrusion), spinal neoplasia, and hip dysplasia. 
Survey radiographs and myelography differentiate’chrome 
disk protrusion and spinal neoplasia. Because hind leg signs 
associated with chronic hip dysplasia are caused by joint 
pain, careful oithopedic and neurologic examination can 
eliminate this disorder. Some patients show signs of degen¬ 
erative myelopathy and hip dysplasia* A strong presumptive 
diagnosis ot degenerative myelopathy is based on compati¬ 
ble signalment, history, and neurologic examination com¬ 
bined with normal survey radiographs and 

D efin i ti ve d i a gn os i s 

logic changes in spinal cord parenchyma. 


»a 


he*, Hansen 


DIAGNOSIS 

Clinical Presentation 


Signalment Degenerative myelopathy generally 

middle-aged to older (i.e., 5 to 7 years) large-breed dogs, 

particularly German shepherds* There have been 

ports in smaller breeds (e.g., miniature poodles) and cats. 
There is no sex predilection. 

History, Patients usually have a history of slowly pro¬ 
gressive hind limb weakness without back pain; signs may 
have been present lor months* Owners commonly complain 

that the dog has difficulty rising up on the hind legs or that 
they hear scuffing or clicking of the hind toenails during 

bulation. 


occurs 


mye logr a m * 

characteristic h is t o pa tho - 


m 


is based on 


rare re- 


MEDICAL MANAGEMENT 


Multiple treatment regimens have been suggested for ^ 
tients with degenerative myelopathy, including corticos¬ 
teroids, nonsteroidal antiinflammatory agents, vitamins 

(i.e., E and B complex), immune modifiers (i.e,, suppressors 
and stimulants), interferon, and 


pa- 


am- 


enzyme inhibitors (e.g*, 
aminocaproic acid). Presently, no therapy has consistently 
been effective. Management of ambulatory and nonambula- 

torv patients with thoracolumbar spinal disorders is de¬ 
scribed on p. 1277. 


Physical Examination Findings 

The general physical examination is usually normal A neu¬ 
rologic examination generally reveals UMN, ambulatory 
weakly ambulatory paraparesis without spinal hyperpathia 

* re., back pain), Patients generally have symmetric or asym¬ 
metric loss of conscious 


or 


SURGICAL TREATMENT 


Degenerative myelopathy is not a surgical disorder. 


proprioception (i.e. t knuckling, 
wearing ot toenails, stumbling}, exaggerated patellar 

flexes, and crossed extensor reflexes. Occasionally, patients 

show LMN (i.e., decreased patellar reflex) and UMN signs. 

Pain perception and urinary and fecal continence are not 
lost, even late in the disorder. Thoracic limbs 


PROGNOSIS 


re- 


Patients with degenerative myelopathy have an unfavorable 

prognosis. There is no known medical or surgical treatment 

that successfully halts the process of demyelination* Progr 

sion of this condition to a nonambulatory paraparesis may 

take months to years, depending on the patients neurologic 
status. 


es- 


are spared, un¬ 
less the patient is maintained long enough after complete 

paraplegia. 
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osus. The 


brocartilage found in a degenerating nucleus pulp 
clinical presence of associated intervertebral disk herniation 
is variable. Embolization into the ventral spinal artery and 
its branches as well as vertebral venous sinuses has been 


Suggested Reading 




Longhofer SL> Duncan ID, Messing A: A d ege nerat i ve myelopathy 
in young German shepherd dogs, / Small Anim Pract 31:199, 

1990* 

'Ibenniessen JG, Morin DP: Degenerative myelopathy: a compara¬ 
tive review, Com pend Cant Educ Pract Vet 17:271, 1995. 


demonstrated (Fig. 44-3). Sudden elevation in central ve¬ 
nous p re s s u re, as s een du r ing co ugh i ng or vo mi ting, m ay be 
required to propel fibrocartilaginous emboli 
cord’s venous drainage. Although other material such as par 
ashes, tissue, metastatic neoplasia, air, 
and bacteria could embolize the spinal cord, fibrocartilagi¬ 
nous material is most commonly associated with canine em- 
bo ii c m yel o p a thy. 




into the spinal 


I 


fat, foreign bodies, 


SPINAL CORD ISCHEMIA 


DEFINITIONS 


l 


Fibrocartilaginous embolization (FCE) is the ischemic 
necrosis of a segment of spinal cord caused by herniation of 
intervertebral disk material into the spinal cord microvascu¬ 
lature. 


DIAGNOSIS 

Clinical Presentation 

Signalment* FCE most commonly affects large non 
chondrodystrophoid breeds (e.g., Great Danes, St. Bernards, 
Labrador retrievers, and German shepherds). I he disease is 
most common in young adults (3 to 7 years); however, il 
may be seen at almost any age, including dogs as young as 
3 months. FCE has also been reported in cats and horses. 
There is no sex predisposition. 

History, Patients typically present with an acute, nonpro¬ 
gressive, ambulatory or nonambulatory, tetra-, para-, hemi-, 
or monoparesis without spinal hyperpathia (Le.,back or neck 
pain). In approximately 50% of cases, clinical signs occur af¬ 
ter trauma or exercise. Many of these patients have a history 
of pain or discomfort initially, which resolves with time. 

Physical Examination Findings 

Physical examination findings are generally normal. Neuro 
logic examination findings include an acute onset of non 


i 


SYNONYMS 


Mecro tiz big my dap a thy, ischemic t nyelopa thy ; emboli c 
my dopathy, vascular episode, fibrocartilaginous infarct 


GENERAL CONSIDERATIONS 
AND CLINICALLY RELEVANT 
PATHOPHYSIOLOGY 


The pathogenesis of canine FCE is poorly understood. Most 
authors agree that emboli, histochemically identical to the 
nucleus pulpoSus of the intervertebral disk, travel to the 
spinal cord through either arteries or veins. To produce the 
extent of ischemic myelopathy observed clinically, it is nec¬ 
essary to simultaneously compromise many closely associ 
a ted small blood vessels. Mistopathology usually reveals 
multiple emboli with staining characteristics much like fi 
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Schematic illustration showing □ proposed pathogenesis of a Fibrocartilaginous embolism 
involving extrusion of nuclear material into the vertebral venous sinus or ventral spinal or 
tery and then into small vessels supplying the spinal cord parenchyma. 
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p ro g ress i ve U M N o r LM N, I a t erali z i n g, a mb ula to r y or no n - 
ambulatory, tetra-, para-, hemi- T or monoparesis, without 
spinal hyperpathia, Abnormal neurologic findings are con¬ 
sistent with a focal spinal cord lesion anywhere in the five 
anatomic divisions of the spinal cord (see Fig. 33-9). The 
most common locations for FCE lesions are the cervical 
(C6-T2) or lumbar (L4-S3) intumescence. Typical neuro¬ 
logic signs for each anatomic division are discussed. A loss of 
deep pain perception occurs in severe cases of spinal cord is¬ 
chemia. 


TABLE 44-5 


Corticosteroid Therapy of Acute FCE 


Dexamethasone (Azium) 


0.2-0.4 mg/kg PO, tid—then bid for 2 days and sid for 
2 days 


meat of ambulatory and nonambulatory patients is de 
scribed on pp, 1228 and 1277. 


Radiography/ Ultra sonography 

Survey radiographs are generally normal, although mild col¬ 
lapse of an intervertebral space may be seen. If myelography 
is performed within 12 to 24 hours of the injury mild spinal 
cord swelling, suggestive of an intramedullary mass, is seen. 
If myelography is delayed, spinal cord swelling resolves, and 
a normal study results. 

Laboratory Findings 

Routine hematologic and serum biochemical analyses are 

normal. Cerebrospinal lluid analysis is often normal but may 
reveal mild protein elevation with normal or slightly in¬ 
creased numbers of leukocytes. Mild xanthochromia (he., a 

yellowish appearance due to hemolyzed blood) sometimes 
o cc u r s. 


SURGICAL TREATMENT 


Fibrocartilaginous embolism is not a surgical disorder 


PROGNOSIS 


Prognosis for recovery depends on the site of embolism (he,, 
UMN vs. LMN), degree of improvement within 14 days, and 
the extent of spinal cord damage. Generally, patients with 
UMN deficits are more likely to recover than patients with 
LMN deficits. Patients showing improvement within 14 days 
and those with less extensive spinal cord damage (Le., based 
on neurologic examination) are more likely to recover. 


Suggested Reading 


Dyce L Houlton IFF; Fibrocartilaginous embolism in the dog, / 
Small Attim Priict 34:332,1993, 

Luttgcn PJ: Common degenerative and vascular neurologic disor¬ 
ders in cats and dogs. Prog Vet Neurol 1:387, 1990. 

Cauzinille L, Kornegay JN: Fibrocartilaginous embolism ol the 
spinal cord in dogs: review of 36 histologically confirmed cases 
and retrospective study of 26 suspected cases, Vet hit Med 10:241, 

1996. 


DIFFERENTIAL DIAGNOSIS 


Fibrocartilaginous embolism must be differentiated from 
disorders causing acute, focal, asymmetric (Le., lateralizing 
signs), nonprogressive paresis without spinal hyper pat hia 
that includes fracture/luxation, intervertebral disk extru¬ 
sion, a ltd spinal neoplasia. Patients with fracture/luxation 
generally have persistent back pain; a diagnosis is based on 
neurologic examination and survey radiographs. Patients 
with spinal neoplasia present with a variety of clinical and 
neurologic symptoms; diagnosis is based on myelographic 
findings compatible with an extradural, intradural- 
extra medullary, or intramedullary mass (see p. 1207). A pre¬ 
sumptive diagnosis of FCE is based on a compatible history 
and neurologic examination, combined with normal survey 
spinal radiographs and characteristic myelographic findings 
(i.e., normal or mild spinal cord swelling). The diagnosis is 
usually established by eliminating other causes of spinal cord 
disease; however, 
histopathologic identification of characteristic fibrocarti¬ 
laginous emboli and resultant spinal cord infarction. 


Se fee fed abstracts of recent manuscripts 

Auger J> Dupuis J, Quesnel A, Beauregard G: Surgical treat¬ 
ment of lumbosacral instability caused by discospondyli¬ 
tis in four dogs, Vet Surg 29:70,2000. The authors describe 
a surgical technique involving distraction and stabilization 
of the lumbosacral vertebral segment using an external 
skeletal fixator in dogs with lumbosacral instability caused 
by discospondylitis. A retrospective clinical study was per¬ 
formed on four client-owned dogs. Twelve dogs with dis¬ 
cospondylitis were identified, four of which had lumbosacral 
discospondylitis. These dogs underwent surgical distraction 
due to their failure to respond to medical treatment. Three 
dogs received a cancellous bone graft between L7 and SI and 
had rapid interbody fusion of this vertebral segment. The 
dog that did not receive the graft did not have interbody fu¬ 
sion at the time of fixator removal. Lumbosacral pain and 
neurologic deficits present before surgery rapidly subsided 
after the procedure. All dogs received concurrent antibiotic 
treatment for a minimum of 4 weeks. All dogs were clinically 
normal at the time of fixator removal. The authors con¬ 
cluded that surgical treatment involving distraction and 


definitive diagnosis is based on 


MEDICAL MANAGEMENT 


Therapy depends on the time of the patient's examination 

after the onset of clinical signs. Patients presented within 
72 hours of the onset of clinical signs should be treated with 

corticosteroids (Table 44-5), physiotherapy, and confined for 
2 to 3 weeks in an elevated cage with dry soft bedding and 
easy access to food and water. Frequent bladder expressions 
(i.e., qJD) should be induced. Patients presented after 
72 hours are treated with supportive care only. Proper treat- 
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pression. There was no correlation between the ambulatory 
status and the ultimate outcome. Three of the 15 cases 
showed vertebral subluxation. Results of this study indicate 
that static spinal cord compression is not a significant com¬ 
ponent of the neurologic dysfunction associated with bacte¬ 
rial discospondylitis. Identification of vertebral subluxation 
some patients may indicate a dynamic lesion that should 
be evaluated with stress radiography. 


stabilization to obtain intervertebral fusion is very effective in 
treating lumbosacral instability caused by discospondylitis. 


i 


Cauzmille L, Kornegay JN: Fibrocartilaginous embolism 
of the spinal cord in dogs: review of 36 histologically con¬ 
firmed cases and retrospective study of 26 suspected cases, 
/ Vet Intern Med 10:241, 1996. A clinical study using 36 dogs 
with histologically confirmed fibrocartilaginous embolism 
(FCE) were contrasted with those of 26 dogs in which FCE 

characteristic clinical findings and 

the absence of compressive spinal cord disease on myelogra¬ 
phy. Dogs with confirmed and suspected FCE were of simi¬ 
lar signalment, and had acute, nonprogressive dysfunction, 
often associated with trauma or exercise. The "suspected' 1 

included fewer giant breeds and more often had 

and upper motor 
and severity of clinical signs 


in 


l 


i 


Munana DR, Luttgen PJ: Prognostic factors for dogs with 
granulomatous meningoencephalo myelitis: 42 cases 

(1982-1996), J Am Vet Med Assoc 212: 1902, 1998. The pur- 

to assess signal me nt, clinical signs, re- 


was suspected based on 


study was 


pose 

suits of CSF analysis, treatment, and survival times in dogs 
with granulomatous meningoencephalo myelitis (GME) and 
to identify factors associated with survival. A retrospective 

study was performed on 42 dogs with GME. The authors re¬ 
alized that females and toy and terrier breeds were predis¬ 
posed to GME. Half of the dogs had focal neurologic signs, 
and half had multifocal involvement. Clinical signs referable 
to the forebrain were most common with focal involvement, 


g ro u p 

asymmetric lesions, intact nociception, 
neuron involvement. Dog size 
probably contributed to owners choosing euthanasia in dogs 
with confirmed lesions. Accordingly, data from such patients 
may be skewed relative to these clinical teatures. 


Davis MJ et al: Contrast radiographic findings in canine 
bacterial discospondylitis: a muhicenter, retrospective 

study of 27 cases, J Am Amm Hasp Assoc 36:81, 2000. A 

multicenter, retrospective study was performed using 27 
dogs from five veterinary colleges in order to determine the 
contrast radiographic findings in canine bacterial dis¬ 
cospondylitis. Fifteen cases were evaluated as having some 
degree of spinal cord compression. The majority ol the cases 
had only soft tissue as the compressive mass. The median 
compression based on anatomical site was 5% ot the verte¬ 
bral canal. No significant correlation between degree of le¬ 
sion compression and clinical outcome was noted, but there 
was a trend toward increased mortality with greater com¬ 


whereas signs referable to the forebrain and brainstem were 
most commonly seen with multifocal involvement. Cere¬ 
brospinal fluid analysis commonly revealed a mononuclear 
pleocytosis. Survival times ranged from 1 to >1215 days. 
Significant differences in survival times were demonstrated 
for the following factors: focal versus multifocal clinical 
signs, neu ro localization of focal signs, and treatment with 
radiation. Dogs with signs suggesting focal involvement of 
GME tend to survive longer than those with multifocal in¬ 
volvement. The authors concluded that radiation is an effec¬ 
tive treatment for dogs with GME, particularly those with 
clinical signs suggesting focal involvement. 
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cel E wall d est ru ct ion, 61 


Sr y 


definition of, 1023 


1061, 1063f 


■- 


tor degenerative hunt disease. 1035 


description of. 1677 
patient positioning, 

pc 3 si c >pc ra L i ve l a re a nd asse .wmem, S 07 8 
rem ov a I of a « con eal 


Arthroscope, 106, 3028, iQ28f 


overv i ew n f, 60 


protein synthesis inhibition, 61,63 


arthroscopy 1028 1029 
curettes lor. 1030, 10301 
definition of, 1023 


process, 1077f- 1078t\ 


description oi, 64, 66,67t-68t, 107 
for adrenal gland surgery, 488 
for a na I surgery, 417-418 


6377-1078 


L l M j 


elbow, I 069 ] 070 


e p id u ral, 6 L 31, 82fit 


food intake restrictions before. 23 


for brain surgery, I 324 


to r a d ren a j gl and su rge ry, 486 


instruments for, 1028-1030 
light sources for, 1029,10291 


lac surgery, 677, 677 e 


, 417,417t 


fo r bladder su rgery, 5 7 3 o74, 5 7 41 
for bone neoplasia, 1176 


for cervical spine surgery, 1214-1215 


c 


p robes for. 1030, 1 ()3( if 


for esophagus surgery, 310 


lor brain surgery, 13231 T 1323-1324 


ex trahe pa tic biliary surgery. 476, 4761 


for 


for gastric surgery, 339, 339i 


for cervical spine fractures and luxations, 1260 


s 1 1 es, l On l -1053 


for cesarean section, ol3, 614t 


tor 


for liver surgery, 451 


117 

for esophagoscopv, 114 

for esophagus surgery, 309t. 309-310 

surgery, 476 


stifle joint, 1113-1115, 11141" 


r i ■ 


BC3| 




tor oral cavity surgery, 275, 275t 
for orthopedic surgery, 826-827 


for estrahepatiL bi 

for gastric surgery, 

for gastroduodenoscopy, 110 


tor pancreas surgery. 502, 


1 10 


A rti cu 1 ar ca rt ilage 


tor 


anatomy of, 1027 


for peripheral nerves surgery, 1346-1347 
for rectal surgery, 417-418 

tract 


for large intestine surgery, 

for liver surgery, 450 451 


functions of, 1027 

healing of, 1031, I033f 

histologic structure of I028f 


60-762, 76 Uj 


for lower respiratory system surgery, 


/ 


for & 

for splenic surgery, 538 
resistance to, 64 


intestiite surgery, 37K 3711 


789 


for mammary tumors, 635 
for mandibular fractures, 908, 909f 
m axi I la r y fract u res, 
for nasal tumors, 751 


908,909f 


As acoL Set' \ Jesa I a mine. 


t eirac 


Asepsis 

definition of, ] 
instruments, 1 
techniques for, 2t 

mas, 755 

Aspiration pneumonia 

description of, 286t 
treatment of. 308-309 


for oral cavity surgery, 274-275, 275t 


for l.vine disease, 1039t 


tor f) rth ore d ic s u rger y T 824, 825s 


fi>r pancreas surgery 


, 502,5021 


ill era pe u L ic li se o f, 66 6 7. 681 


tor o 


su rgery, 417, 417t 


,417,4176 


t rimethuprim-sulfcmamide com hi nations, 63 


for renal surgery 


.550,550t 


wound management using, 138-139 


,612^612-613 


A n I ico 


I338t 


fi>r thoracolumbar disk disease, 1282 


n 


h >r dc gc tierst ive ioi n t d i 


Amidrool cheiloplasty, 196. I97f 


surgery. 1269 






Antimicrobial agents. 826-827,827t 


for thyroid surgery, 517 


Astrocytomas, 1263 


fur upper respiratory surgery, 717-718, 71 8t 
for ureter surgery, 550. 550t 
Anesthesia and surgical preparation room 
cleaning of 16. I fit 
d escript i on of II 12 
Anesthesia supply room, 12 

Anesthesiologist, 14 


Atenolol, 694t 


521, 52k 


Atlantoaxial instability 


Antivenin, 191 
Aortic stenosis 


nosis of, 1251 
differential diagnosis, 1251 
ligamentous struct li res associated with, 12531’ 
medical management of, 1251-1252 


diagnosis of, 694 


ns. 


[sties ol 94 


surgical I real merit of 

anatomic considerations, 1252, 1253i 

anesthesia, 1252 

dorsal stabilization, 1253, 1254f 

rts, 3252 


surgical treatment of, 695-696 


dissociative, 98 


A; so morphine, vomiting induced by, 3541 


Angle of i nd [ n at ion, 99b 


, 1093 


, 854, 1093,109 fi f 


AquaMephyton. Aet' Vitamin K. 


Angle of subluxation* 852, 854, 1093 


A n g li I a j- defo r m i lies, 872 873, 


Arterial oxygen tension, 680 
Arteriovenous fistula 
ch a ra l Ic ri st k s o f, 457-4 59, 458f 


postoperative care and assessment. 1254 1255 
p renperat ive ma nagement, 12 52 
prognosis, 1255 

suture materials, 1254 

ventral stabilization, 1253-1254. 1254f-12551 


Antecurvatum, S43f 
.An Le version,, 1140 


partial hepatectomy for, 46/ 


treatment of, 463-464 


am [ no gtycosid es, 61,6 3 
applications for 

d tskospo nd yli tis, 1364t 
gastric dilatation-volvulus, 357. 3fi7t 
joint disorders, 
peritonitis. 369, 2fi9i 


su 


]S 


Atlas vertebra, I253t. 5cr ahv Cervical spine. 


definition of, 1023 


Atracurium, 677. 6771 


rheumatoid, MM I i. 1041 -1042* 10421 


Atrial standstill, .09-71 n 


septic, 10361, 1036-1038 







Index 


T373 


Atrioventricular block 

first-degree, 709, 7091 
pathophysiology of. 709 
E, 5 nd-degree, 709 
third-degree, 7 LtJ 
Aural hematoma 
considerations for, 246 
definition of, 246 
diagnosis of, 247 
pathophysiology of, 246-247 
prognosis, 251 

surgical treatment of, 247f, 247-249,24 Sf 
Aurothiogluoose, for rheumatoid arthritis, 1042t 

Au tog rg fts 

cancellous bone, 894f-895fi 895-897 
cort j ctjl hone, 897 

defthifion of, 893-894 
Autologous fibrin glue, 48-49 
Avulsion fractures 
metacarpal*, 9e>9 

metatarsals, 969 
scapula r, 918 

tibia], 1020 

Axial pattern flaps 

caudal auricular, 170-171 
caudal superficial epigastric, i72 
cranial superficial epigastric, 172 
deep circumflex iliac, 172-173 
definition of 169 
description of, 165 
genicular, 173 
indications, 170 

lateral caudal, 173 
omocervicaJ, 171 

reverse saphenous conduit, 173 
superficial brachial, J 71 

Superficial temporal artery, 171 
tech niq lie for, 169-170 

thoracodorsal, 171, [ 72f 
Axis vertebra, anatomy of |253t 
Axon regrnwtb, 1304 

AxonotmesU, 1346,1348t t I352t 
Azathioprme 
for colitis, 41 it 
lor perianal fistula, 4391 

tor rheumatoid arthritis, 1042 t 

for systemic lupus cryrhematosuv induced pol 

yarthritis, 1041 
■\2 i t hromyc■ n, 61, 631 r 1039t 
Azium. See Dexamethasone. 

Azt neon am, 61, 63t 
Azulfidine. See Sulfasalazine. 


Bandages and bandaging techniques—coin'd 
VeJpeau sfings f 840-841,84H 
wet-dry, L4S 
wet-wet, 149 

energy requirements, 70, 71 1 


bla dde r s u rgc ry - -co n td 

postoperative care and assessment, 586, 599 
preoperative management of, 572-573 
suture materials, 586 
Bieph a r«p la sty, 214,2I8f 

Blond transfusion volume calculations, 201, 

5381, 5491, 717t 
Blood urea nitrogen, 19r 
Blood vessels 
ligation of, 58, 58f 
sutures for, 48 
Bluod volume, 2! 

Body surface area, 187t 
Bone 


Basal 


Basins 

description of. 1 

solutions poured Into. 5-6 

Basophils, 19 1 
Baytril. See Enrofloxacin, 

Belt-loop gastropexy, 349, 349i* 35If 

Benign prostatic hyperplasia, 6-18 649 

Benzodiazepines, 94 

Benzopyrunes, 535t. 535-536, 809 

Benzyl ammonium chloride, 40 

Bets-blockers, 694t 

Beta pa ce. See SotaJol. 

Bica rbon a te, 20t 
Biceps reflex, 1196 
Bicipital tendon tenodesis. 1065 
Bicipital tenosynovitis, 1065-1066 
Bilateral bipknar fixators, 867 

Bi lateral-u n i pi ana r fixators, 867 

Bile acids, 46ftt 

Bile flow diversion, 478-449 
Bile peritonitis 

definition of 483 
diagnosis uf, 484 

d i ffefen t ial diag no si s, 4 8 4 
n i ed i c a J m anage men t of, 485 

pathophysiology of 483-484 
prognosis* 486 

Surgical treatment of 485-486 
Bilirubin, 19i 
Billroth 1 


450l, 5l7t 


b bod su p pj y, 832 f 

distraction osteogenesis of, 87 I -872 
infections of, 826-827 

intramembranous formation of. 833. 836 

len gtheni n g of 8 71 -872 

malalignment of, 843f 

mycotic infections of 1187 
transport of 872 
Bone gratis 
allogeneic, 894 

al Engrafts 

cancellous bone, 897 
cortical bone, 897-899, 898f 
definition of, 893-894 

alioimplants, 894 
a utogra fis 

cancellous bone, 394f-895f 895-897 
definition of, 893-894 


bone 


marrow osteogenesis tor, 897 
composite, 894 
definition of 893 
healing of 899 
xenografts, 894 

Bone marrow osteogenesis, 897 
Bone neoplasia 

definition of T1723 

diagnosis of ] 173, 1175 

differential diagnosis, 1175-1176 

in cals, 1175t 
in dogs, 11741 

n radical ma n agemen t of I ] 76 

osteosarcoma, 1373 
pathophysiology of, 1173 

rgical treatment and tediniq 
amputation, ! 177-1179, 1179f-l l«f 
anesthesia. 1 ] 76 

biopsy, 1176t, 1176-1177 
limb-sparing, 1179.1183-1J 84 
postoperative care and assessment, 1 184 

preoperative 


definition of 337 

tech n ique for, 342 - 343.343f 

Bjflroth II 

definition of, 337 

technique for, 343-344,544f 
Biopsy 

hone, 11761, 1176-3177 
large intestine, 401 

liver, 129, J30f, 453f 453-454 
lymph node. 532-533 
nasal, 752 
oral, 276-277 

pancreatic, ] 29, 504 
pros tat ic, 627-628, 6311 
renal. 551-5 52 

small intestine, 3 29-] 30, 372-373, 374f 
splenic, 539-540 
surgical, 775-776 
testicular, 626-627, 6311 
thorascopk, 775 
iransnostrial core, 752 

Biopsy forceps, 1 ()6f 

Hi osol - $&* Neomycin. 

Bipolar coagulation, 59 
Bisacodyh 406t 

Bla dder 


su 


lies 


B 


s [derail 
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Bacteria 

anatomic sites of 67t 
skin sterilization, 24-25 
surgery-specific types of 67 1 
Bananmne, See Hunixin meg I lj min 
Bandages and bandaging techniq 

absorbent, 148 

adherent, 148-149 

characteristics of l45M46r 
dosed wound, 149-150 
contact layers of 145-148 
dry-dry, 149 
Ehmerslings, 840.84If 
for a bdoi n en. 150 
for ears, 250,25Of 

for extremities, 151-153, 1521' I53f 

for h ead, 151 
lor thorax, 150 
function of, 145 
layers of, 145-148 

nonadherent, 149 
oedusive, 149 
postoperative, 149-150 
pressure, 150 
p ressure rdlef, 150 
Robert limes. 822, 822t, 8231 
slippage considerations, I d 

.soft padd ed, 822-823 

stabilizing, 149 
tie-over, 149 


prognosis, 1184 
suture ma let i ids, 1184 

Bone plates and 


screws 
acetabular plate, 882 
applications of 
acetabular Fractures, 972 

description of, 883-886 

femoral diaphyseal fractures, 988 

humeral diaphyseal fractures, 922- L J24. 923f 924f 
dial fractures, 977 

maxillary fradures, 903. 905f 

scapular fractu res* 915 

tibia! diaphyseal fractures, [009 

biomechanical principles of 880 

buttress, 882f 883, 886, 887f 923 

com p ressio n , 882 li 886, 92 3 

configuration of 882 

description of, 880 

distal radius plate, 882 

dynamic compression plate, 88] -882. 882f-K.S3f 

equipment and supplies, 880-883 

iu nctions of, 882f 882-88 3 
history of, 880 

holes for, 884-885 
indications, 880 

lag screw, 8K4f 884-885 
length of* 883 

neutralization, 882f 886, 923 
postoperative care, 887 

screw placement, 883, 883f 

size of 883 


L\ 




ues 


anatomy of, 574 
Innervation of, 615f E197 
leiomyoma of 599f 
manual evacuation of 23 
nerve supply to, 578f 

presurgical emptying of 23 
rupture of, 589 

vascular supply fp, 578f 
Bladder neoplasia 
definition of 597 
diagnosis of 597-598 
differential diagnosis. 598 

prognosis, 599-600 

radiographic evaluations, 597-598, 598 f 
Bladder surgery 

age considerations* 587 
anatomic considerations, 574 
anesthesia for* 573-574, 574) 

antibiotic prophy] 
co m pi i cation s o f* 599 

vyx to L< i my, 572, 574- 575, 5 76 f 

definitions, 572 
healing after, 585-586 

incisions for, 574, 575f 
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Pone plates and. screws 

types of, 8H1 f 

veterinary cuttable plates, 882 
Bone scintigraphy, R54-855 
Bone wax, 59 

Bone-ho] ding forceps, 38, 39f 
HoTfdlia burgdorferi, 1038-1039 

Bougienage, 322 

Bowel plication. See Enteroenteropexy. 

Brachial plexus 
anatomy of, I356f 
avulsion injury of, 1.35it 
cranio la ter a l approach. 1357-1359, J358f 
cramomedial approach, 1337, I358f 
tumors 

computed tomography evaluations, 1354 

differential diagnosis, 1354 

prognosis* 1359 

surgical approaches, 1355t* 1357, 1358f 
Brachy cephalic syndrome 
breeds affected, 727t 
definition of, 727 

elongated soft palate associated, with, 73b 
Bradyca rdia 
definition of, 708- 709 
d i agn osis of, 709- 7 ] 0 

differential diagnosis, 710 
dectrocardiographii. evaluation of, 709-710 
medical management of, 710, 710t 
pathophysiology of, 709 
prognosis, 713 
surgical treatment of 
anesthesia, 711,7111 
patient positioning, 711 
postoperative care and assessment, 712-713 
preoperative considerations, 710 
suture materials, 7E2 
techniques, 711-712, 71 If 
transdiaphragmatit electrode placement, 711-712. 
732f 
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Brucella cants* 663 
bulla osteotomy 
lateral, 236-237, 237f 
ventral. 237f-238f t 237-238 

Bunnell suture pattern, 52f, 52-53 
Bupi vacaine 

characteristics of, 97t r 99 
intraarticular delivery of, 99 
Buprenex. See Buprenorphine. 

Buprenorphtne, 96t, 97,97t, 229, -356L, 586t, 6821, 824, 

82 5t, 12361, 1336t 


Ca rcinoma. also Adenocarcinoma; NVnphisia. 
squamous celt 
anal, 425 

bone metastasis, 1175t 
ora), 298,298t, 301 
Longue, 283f 
thvroid 

. f 

definition of, 527 
diagnosis of, 527-528 
differential diagnosis 528 
medical man agement of, 528 
pathophysiology of, 527 
prognosis, 529 

surgical treatment of, 528-529 
transitional cell 
defill■ Lion of, 597 
differential diagnosis, 598 
medical management of, 598. 59Hi 
pathophysiology of, 597 
prognos is , 599 -600 
surgical treatment of, 598-600 

tlardiac neoplasia 
definition of. 706 
diagnosis of, 707 
differential diagnosis, 707 
medical management of, 707 
pathophysiology of. 706-707 
prognosis, 707 

surgical treatment of, 707-708 

synonyms for, 706 
Cardiac surgery 

age Considerations, 682-683 
anatomic ccm side rat ions, 678, 678f 
anesthesia for, 676t, 676-677 
antibiotic prophylaxis, 677,677t 

blood pressure evaluations, 682 
cardiopulmonary bypass, 679-680 
com piication s of, 682 
definitions, 675 

drugs used in, 675t 

heating after, 680 

inflow occlusion, 677-679, 679f 

instruments for, 680,681f-G82f 

postoperative care and assessment, 680. 682 

preoperative considerations. 675-676 

suture materials, 680 

Cardiac tamponade 
definition of, 701 
pathophysiology of, 701 
pericardiocentesis for, 704 
Card iomyopa t hy, 522 
Cardiopulmonary bypass, 679-680 
Carotid artery ligation, temporary, 277 
Carpals 

a n atomy o f, 1090 

arthrodesis of, 1091-1093 
fracture of 
definition of, 963 
diagnosis of, 963 
differential diagnosis, 963 
medical management of. 963-964 
pathophysiology of, 963 
stabilisation off 964-965 
surgical treatment of, 964-965 
luxation of, 1089-1093 
subluxation of, 1089-1093 
surgical approach, 1091, 1091 f 
Carprofen, 101. 826, 1025, !026t, 117(>t 
CardIage 

articular 

a nato my of, 1027 
fluid movement through, j 027 
functions of. 1027 
healing of, 1031,10331* 
histologic structure of, 1,02Bf 
hyaline, 1027 
Cartilaginous joints 
definition of, 1023 
types of, 10271 
Cast(s) 

applications of 

description of, 859-860,SfiOf 

radial diaphyseal fractures, 939, 940t 

tibia! diaphyseal fractures. 1007, I007t 
tibia! physeal fractures, 1018 
] n dicatiuns, 8 59 
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Bums 

body surface area calculations, 187t 

chemical, 189 

con tact-induced, 187 
definition of, 186 
electrical, 188-189 

first-degree, 186 

fluids administration, 187-188 

frostbite, 189 

nutritional support, 188 
radiation, 189-190 

respi ra to ry d i st ress co ns id eral ion s f 18 8 

second-degree, 386 

septic complications prevention, 1 87 

size estimations, 187, 1871 
systemic effects of, 387 

thermal, 187 

third - degree, 186-187 
treatment of, 187-188 
wound management, 388 
Butazolidin. See Phenylbutazone. 

Butorphanol, 96l, 456t, 476t, 586t, 682t, 824. 825t, 860t, 

I236t, 133 fit 


< 




1 




»' 


Butorphine. 229 

Bu ttertl v fragment trac tu r e, 82 7 
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Calcaneal fractures, 963 

Calcium. 19t 

Calculi 

renal. See Nephrolithiasis, 
urinary. See Urolithiasis. 

Cancellous bone autografts 
complications of, 896-897 
for mandibular fractures, 9Q8 
harvesting of 894f-895f, 895-897 

revascularizatio n o f, 896 
Cancellous screwy 

characteristics of, 880-881, 88If 

placement of, 885,885f 
Canine castration, 619-620 
Canine elbow dysplasia 

considerations for treating, lOfifit 
fragmented coronoid process 
a rth roscop ic eval u at ions, 1069-107 0 
breeds affected, 1067 

definition of, 1067 
diagnosis of, 1067-1068 
differential diagnosis, 1069 

medical management of, 1069 1070 
muscle-splitting approach, 1071, 10731" 
pathophysiology of, 1067 

pronator teres transection, 1071, 1072f 
radiographic findings, 1067-1068, 1D68J" 
surgical treatment of, 1071-1073, I072f-1073f 
overview t>f, 1065 - \ 066 

ununited anconeal process 

definition of, 1075 

diagnosis of, 1076 
differential diagnosis, 1076 
medical management of, 1076-1077 
pathophysiology of, 1076 
prognosis, 1078 
surgical treatment of 

anatomic considerations* 1077 
description of, 1077 
patient positioning, 1077 
postoperative care and assessment, 1078 
removal of anconeal process, 1077f- 107Sf* 
1077-1078 
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Brain 

edema of, 1336 
imaging of, 12)0-1211 
neoplasia of 

breeds affected, 1341 
definition of. 1340 

diagnosis of, 1 341 -1342 

differential diagnosis, 1342 
gliomas, 1340 
incidence of, 1340 
medical management of. 1342-1343 
meningiomas, 1340 
pathophysiology of, 1340-1341 
prognosis, 1344 

surgical treatment of, 1343-1344 
synonym s for, 1340 
types of, 134UL 

Brain surgery 
age considerations, 1335 
anatomic considerations, 1324, 1326f 1327f 
anes chesi a for, 1323t, 1323 -1324 
antibiotic prophylaxis, 1324 
complications of, 1335 
craniectomy, See Craniectomy, 
era n i oto m y, See < ran iotom v, 
definitions, 1322 

diuretics* 1323t 

fluid administration before, 1322, 1323t 
healing after. 1334 
i nst ru men ts for, 1334 -13 3 5 
postoperative care and assessment, 1335-1336 
p reoper a tive co n side rati o ns, 1322-1323 
Hrevibbo, See EsmoloL 
Bridging osteosynthesis, 857 

Bronchoalveoiar lavage, 122-123, 123f 
Bronchoscope, 104-105 
Bronchoscopy 
anesthesia, 122 
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hro nc hoalveola r iavage. ] 22 -123, 1231 


i 


description of, 104c 


equipment for, 121-122 


errors in, 122 

foreign object removal using, 123 
indications, 121,1 22c 
patient preparation and positioning, 122 
techniques for, 122- 123, 2 13f 


Capillarity, 43 

Capillary refill time, 788t 

Carafa Le. See Su era I \ al e. 
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Ca st( s)—con r’d 
padding of, S6Q 

post operati ve cane, 861 


Celiotomy—con fid 


Ccr v Ca I .sp i n e 


coin'd 


* 


anatomic c 


vertebral tipping 


1237, I239f, 124 21 
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,255,255t 




Wobbler syndrome of. iff Wobbler syndrome. 


removal of, 8601, 860 8-61 


antibiotic prophylaxis, 255 


Cervical spine surgery 


types of, 859 

Castration. Sec also Neuter. 

canine, 619-620 
cryptoirhid, 620-622 


complications of, 258 


anatomic considerations, 1215, 12151-3 216f 
anesthesia, 1213-1214, 32l4t 

a nti biotic p ropliylax: s, 1214- 1 2 1 5 
complications of, 1228 

instruments 


instruments for, 258 


postoperative tare and asses; 


258 


■« 


feline, 620, 62 ll-622f 


25-1 


r 


i 


indications, 619 
presc ratal ,619- 620 




suture materials for, 258 

.line 


cs or. 1 2l5f 


postoperative care and assessment, 1228 
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preop er alive considerations, 1213 
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blood volume in, 21 


so 


i r 


bone neoplasia in, 1175i 
tastra f to n of, 62 0,6 21 f-6221 
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Qc 


cervical disk fenestration, 1220, 122.If 

of. 1216 


ti 


j 


■ogressive polyarthritis, 3042 


i > 


fluid therapy regimen, 22L 
nasoesophageal intubation of, 75f 


550 


dorsal laminectomy, 1220-1223, 122If-1 


2221 


tes o f, 621 


dot, 1216-1220 


venous sinus 
Cesarean section 


3, 1214c 


■i 


urologic syndrome iit 


median is 


of action, 61 

-generation, 61,62L 


Catgut suture. 44, 45t 
Cauda equina 


complications of, 631 


anatomy of, 1305-1306 


Cephalothin, 62t, 8271, J2tSl 


compression 

drome, 
of, 1302 

healing of, 1304 
Cauda equina syndrome 
chronic degenerative dis 

1309-1310 

congenital stenosis as cause of. 130bt. 1311 

definition of, 1305 
descript ion of, 1207, 121 Of 

sof, 3306-1309 

ial diagnosis 

intervertebral disk herniation as cause of. 1308f, 

1311 


Cephradine, I364t 


n 




-879 


wire, 

Cerebellum, 132-4 


rectum y and. 623-624,6241“ 


ova 


« 


detin i dun 


ne, 135 


Cerebral hemispheres 


, 3 324 


definition of. 274 




of, 1228 

diagnus h of, 12 29 - E 230, 1 2 30f-12 31 f 

, 1233 

Hansen type l, 1228-1229,1229f 
Hansen type II, 

medical management of, 1231 1234, 3 232t 12331 

nonsteroidal anli-i 
pain associated with, 1229-1230 


,se as cause 


, 3 97f 

for lip fold dermatitis, 195-196, I96f 
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Chemical burns, 189 

c tom as 


122B 1229, 12291" 




description of, 704, 706-707 
surgical treatment of, 708 

, 135 


, 1233, 1.2341 
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Cherry eye, See Third eyelid, prolapse of 


used Seal man a gem e n t 


of, 1309, 13int 


1230. 323If 


LC 


■ 1 


neurologic deficits associated with, J 306c 


using, 

placement of, 79it, 791-793 


nonsteroidal anti-inflammatory drugs, 3309, 13lOt 
pathophysiology of, 13051, 1305-13(36 
physical examination 


surgical treatment 
anatomic considerations, 1235 


removal of, 793 
size estimations, 79 i s 
suture ma te r i ah, 794 

,876 


s. J 3(36 1307 


12 3 4 


J 1 


pattern 


Chisel points 


treatment of, 1309-1311 


li r 


postoperative care and assessment, 1236, 1236t 


Chlorambucil 


tail functioning 


», 1307 


preoperative 


for colitis, 41 It 


auricular axial pattern flap, 170-171 
cruciate ligament tear 


VV 


b 1 CM 


suture materials, 1236 
techniques, 1235f 1235-1236 

ings. 3230, 123If 


definition of, 1122 


,61 


in 


t is is of, 1123 


c 




medical management of, 1123 
pathophysiology of, I 122 -1125 


t letvical spine 


for 


Lyme disease 


10391 


fc 




chronic degenerative disk disease of, 1237, 1239f 


for septic arthritis, 3037t 


s □ rg i c ai t rent ment of, 1123 3 126 


congenital osseous malformations of, 3 237. 1239f 


P 25,28t, 140 


■I ■ 


me c 


Caudal sun 


epigastric axial pattern 11 ap. 172 


*1 


■ -3 


file, 71 




1 


to, 1221-3224 


complete, 200-202, 20 If 


of 


definition of. I 98 


definition 


definition of, 475 
technique, 477, 478f 


200-2(32,2011 


in 


diagnosis of, J 256-3 258 


in puppies 
partial, 200, 20! t 


differential diagnosis. 


J 




b 


re 


■ 


Cll 


Cavitary hepatic lesions, 468-170 
resect i on. Set 1 1 yph I ectomy. 


n o nsteru ida l an t i- mflamrmt 


technique, 477,477f 


T 


Cefadruxi], 62t, 8271, 1039i 


pa t h physiology c>f, (255 


definition of, 475 


(lefa-tabs. See t ’tfadroxil. 


m. 


r, 


62t, 3621, mu 4761, 503t, 3511, 642t, 71 Hr, 


surgical treatment 

a n atomi c considerations, 1260, 126 3 f 

anesthesia, 1260 


< h o ledoc hoi ej u nostomy 


3 


■ 


7621, 826, R2.7i, I215t, E269t, 1338t 


definition of, 475 




,62t 


hnique, 478-479, 480f 


tec 


. See 

a/one, n2t 


a win e , 


objectives, 1238 


definition of, 475 




postoperative care and assessment, 1263 
preo perat ive m a n age men t. 1260 


technique, 477, 478f 


Cefotaxime, 621, H27t 
Cefotetan, 62l, 4001 
Cefoxitin. 621 




prognosis, 3263 


10.31, 


VJ« 




reduction, I258h 


,1174i I175t 


a. 


for large intestine surgery, 4001 


" 3 ’ 


s, 1263 f-!263f, 1261 1262 


/anon r 


C h ro n ic. a n tral 


mucosal hypertrophy, 360 


tor liver abscess, 4701 


techniques, 1259t 


Cl i ro n ic d ege nc ra t i ve d isk disease 


3 269t 

pyometra, 64 21 

Ceftazidime, 62 1 , 8271 

Ceftiofur, 621 
< .efirhixoric, 1039r 

Ceiiography, 796 

Celiotomy 


ven t ra3 a pproach, 1258-1259, 126Df 


vanda equina 

1310 


• Hi, 1303t, 1309- 


; scco 


trauma-induced, 1255, 12561 
ultrasonography findings, 1257 


characteristics of. 1237. 12381, I239f. 12421 

ement of, 1242t 


hourglass compression 


L..E.I 


ligamentum fiavum hypertrophy, 1237, 1239f 


surgical treatment of, 1244r, i 349i 


neoplasia of, 1 263 I 26n 


Chronic hyper trophic pyloric gasiropathy, 360 


of, 1225. 1227 


. See 


ae a na to my, 1 2 
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Continuous distraction, 830 
t ,'onhnuous suture patterns, 50-52, 51 f 

Contractures, muscle* 1164-1167 
Contusion 


Colectomy—corn'd 
definition of, 398 


Chvlothorax 

I 

abnormalities associated with, 8061 

breeds affected. 806 
definition of, 805 


s iib iota 1,414 415 


definition of, l 138 


technique (or, 402-404* 403t 


diagnosis of, 806 807 




mu, scle, M 3 8 S3 f>() 


differential diagnosis, 807 
e ffusi ons *8071 




Coral snake bite, 190 
Corneal lacerations, 218-220 
Coronary arteries, 684,684f 
Coronoid process, fragmented 

a rth ro.scop ic c val aa tio ns, 1069 -107 fJ 
breeds affected, 1067 
definition of. 1067 


breeds affected, 411 
considerations for, 410-411 
definition of, 410 

diagnosis of, 411 

medical management of, 41 It, 411-412 
pathophysiology of. 410-411 
prognosis, 412 
surgical treatment of, 412 
synonyms for, 410 

Collateral ligaments 
injury of, 1125-1128 
lateral, I128 
medial, 1127,1128f 
orthopedic examination of, 349,850f 

Colloids, 21 

Colonnjleosoopy 
anesthesia, 119 






, 807 


■ k.' 


medical management of, 807-809. 8Q8t 
pathophysiology of, 805-806 

prognosis ,812 


807 


surgical treatment of 

anatomic considerations, 809 
description of, 809 
mesenteric lymphangiography, 810 
patient positioning, 809-8IQ 
pleuroperitoneal shunt, 810-8LI, 81 It 
plcurovenous shunting, 810-811,8111 

postoperative 

preoperative considerations, 309 
suture materials, 812 
thoracic 
Cimettdine 

for esophagitis, 308! 

for gastric outlet obstruction, 362t 

ulcerat ton, 3651, 123 41 
Cipro, See Ciprofloxacin. 

Ciprofloxacin 

for orthopedic infections, 827t 
fnr pancreas surgery, 5031 
Circular skin defects* 162,163f 
Circumcostal g astro pray, 348f-349f, 3481,348-549 
Claforan. See Cefotaxime. 

Clamps. 58, 38f 
Claudication, 1228 

C lava max. .Set Amoxicillin plus c I avu lunate. 


diagn 

differential diagnosis, 1069 
medical management of 1069-1070 
muscle splitting approach, 1071, 10731 


pathophysiology of, 1067 


pronator teres transection, 1-071 s 1072f 
radiographic findings, 1067-1068,1068f 
surgi ca I 1 reatmen t of, 1071 1073, 1072 f-10 75 f 
Cortical bone 


; and assessment, 812 


allografts, 897-899, 8981 
autografts, 897 
Cortical screws 
Corticosteroids 

for cervical disk disease, J 232t 
for degenerative joint disease, 1035 

for granulomatous meningoencephalitis, 13661 

for joint disorders, 1025 
for wound healing, 137 
Corltcotomy* 871 
Coxa vaIga, 11 40 
Co xo femoral joint. See also Hip. 
d isarl icu I at ion of, 1177-1179, 1182f 
dysplasia. See Hip dysplasia, 
luxation 

capsule reconstruction for, 1106, 11061 

caudoventral, ] 104* 11 05f 

craniodorsal, 1104, 11 U4f 

definition of, 1093, I ] 02 

diagnosis of, 11021103f, 1102- S103 

differential diagnosis, 1103 

ioinl reconstruction for, 1106f-1308f, 1106-1108 

medical management of, 1103 

pathophysiology of, 1102 

surgical treatment of, 1105*1108 

subluxation of 1093, 10961 
Cranial cruciate ligament rupture 

arthroscopic!evaluations, I I 13- II 15, 1114f 

crania] drm veriest, ]] 12, 3 H2f 

definition of, 1110 
diagnosis of, t I I1-1113 
differential diagnosis, I M3 
medical management of, 1113-1115 
pathophysiology of. Mil 
physical examination findings, 1111 1132 
radiographic findings, 11321113* 1113f 
stifle Instability associated with. Mil 
surgical treatment 

considerations for, 1115; 
fibular head advancement, 1120, 112If 
lateral retinacular stabilization, M 19 I 120 
postoperative care and assessment, 1121-1122, 

112 2t 

primary repair with augmentation, I 120-1121, 

1121 f 

prognosis, 1122 
suture materials, 1121 

lihial plateau leveling osteotomy, I 115, 11151 
surgical treatment of, intracapsular repair, 1116 r 

1118-1119 

Cranial drawer, 1110, 1112 

Cranial nerve L .See Olfactory nerve, 

Cranial n erve 11. See Optic nerve. 

Cranial nerve III. Sec Oculomotor nerve. 

Cra a ial n erve IV. See Trochlea r ne rve. 

Cranial nerve V. See Trigeminal nerve. 

Cranial nerve Vf. See Abducent nerve. 

Cranial nerve Vll. See Facial nerve. 

Cranial nerve VIII. See Vestibulocochlear nerve. 
Cranial nerve IX. See Glossopharyngeal nerve. 
Cranial nerve X. See Vagus nerve, 

C rati i al n erve XI. See Access n ry n erve, 

Cranial nerve XII. See Hypoglossal nerve. 


dud ligation. 810 




description of, 1041 


, 880, 88If 


equipment for, 119 


errors in, 119t 


indications, 118* I 19 


patient preparation and positioning, I 19 


tech n k| ue for, 119-120 


Culonoscope, 106 
Colonoscopy 
anesthesia* 117 
description of. 1041 
equipment for, 117 
errors in, 117t 

indications, 117 


intussusception evaluations, 391 
patient preparation and positioning, 117 
technique for, 117- M 8 
Colo pexy 

definition of, 398 
technique, 401-402, 4021 
Colorectal neoplasia 
breeds affected, 408 
considerations for, 408 
diagnosis of, 408-409 
differential diagnosis, 409 
medical management of, 409 
pathophysiology of, 408 
prognosis, 410 

su rgi ca 1 trea [ men t o f, 409 -41.0 
Colostomy 


C Leaning 

instruments, 40 
surgical facilities, 15-17 
Cleft palate 

considerations, 284 


definition of, 281 


diagnosis of, 286 

hard palate, 287, 288f 

medical management of, 286 

pat hophysaol ogy of* 285 - 2 86 
physical examination findings, 286 


primary 

cl [ iSure of, 288, 290f 
description of, 285 
prognosis, 290 
secondary, 2 

soft palate* 287-288 
surgical management of 
anesthesia, 287 




definition of, 398 
indications, 405 
technique for, 405-406 
Cnlpo,suspension. 603,603f 
Comminuted fractures 

characteristics of, 827, 828f. 838-839* 890 
d i stal femoral* 1003 
femoral, 991, 992-993, 993f 

humeral* 922,927 929,929f-930f 
metacarpal*, 968f 




complications, 
postoperative care and assessment, 290 
preopera live considerations, 286 287 
techniques, 287-289, 

Clindamycin, 6J 

lb r d isko spi m dyli t is, 13641 
for liver surgery, 45 It 
for peritonitis, 269t 


2 9 (i 




-290t 








rad ial, 9 40„ 946f 


scapular, 915 

stabilization of, 911-912 


Clippers, 25, 23f 


tibia!, 10121, 1012-1013 




Common bile duct injuries* 479, 481 
Compazine, See Prochlorperazine. 

Composite flaps, 174 
Composite grafts, 894 
Computed tomography 

adrenal tumor evaluations, 494 

brachial plexu s eva Iuations * 1354 

fragmented coronoid process evaluations, 1068, 10691 

spinal, 1210, l2llf 
Condylectomy, mandibular, 1047 

{Ion gen i tal a Ibo w 1 uxat ion. 1086-1089 
Congenital oro nasal fistula, See Cleft palate. 
Conjunctiva 
flaps, 222.222f 
lacerations, 218-220 
Connell suture pattern, 5If, 52 
Constipation 

defin i tio n o f, 412 
drugs for, 4l3t 


Clonus U9M 

Closed gloving, 31, 31 f 
Closed reduction 

of caudovemral luxation of coxo femoral joint* 1104, 

11051 

of craniodorsal luxation of coxofemoraI joint* 1104, 

1104f 






diaphyseal fractures* 939t 

1 aspergillosis, 757, 758f 


Clientrimazole, for 




Cluxacillin, 13641 
i loxypcn. See C[oxacillin. 

Coagulopathies* 450 

Coiaee. See Dioctyl sodium sulfosuccinate, 
< [old chemical sterilization, 9 10 












Cold therapy* 840 
Colectomy 

anastomoses 


stapled, 403-404, 406 


su t u red, 402 403 
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1 nde x 


Crania] pubic ligament hernia. 2b], 26If 
Cranial; 

Cranial superficial epigastric axial pal tern flap, 172 

Cra nia 11i biaf tb rust, 1110, 1115 

Craniectomy 

approaeh for, 1327, 13 2 8 f 
definition of, 1322 
extern of, 1324, 1327 
noslrotentoria), 1327 
subnet ipitaf 1322 

Craniomandibular osteopathy, 1170-1171 
Craniotomy 

approach for, 1327, 13281' 
caudotentorial, 1322 
description of, J 327 
technique, 1332, I332f 
definition of, 1322 
extent of, J324, 1327 
rostrotentorial 

bilateral, 1330-1331, 133 If 
ties l ripi ion of, 1327, 1328 1 
extended, 3330, 133Of 133If 
technique, 1328-1330, I329f 

subocci pital, 13 27-1328, 13 3 3-1334, 133 5f 

leans frontal 

description of, 1327, 3328t 
modified bilateral, 1332-1333, I 334f 
technique, 1332, I333f 
Creatinine, 19t 

Crescentic skin defects, 162, 165, I65f 
Cricoid cartilage, 719 

Cricopharyngeal achalasia, 332-334, 3331-334f 

Crico til yroi d 1 i gam en 1, 719 

Crile forceps, 37, 37f 

Crossed extensor reflex, 1197, 11981' 

(! n >ta i id 

Cruciate ligaments 
cranial, rupture of 

arthroscopic evaluations, 111.3 1 115, 1114f 
cranial drawer test, 1112, I lt2f 
definition of, 1110 
diagnosis of, 11 INI 113 
differential diagnosis, (M3 
medical management of, 1113-1 IS 5 
pathophysiology of, Mil 
physical examination findings, ] J ] 1 1112 
radiographic findings, 1112-11)3, 11131' 

associated with, 11II 


Cyst, prostatic 


;o n n\i 


Diaphyseal tract Lire s—contVI 
fem oral—con l'd 

surgical treatment of 

anatomic loo si derations, 989 
bone plates and screws, 988 
externa] fixators, 987-988 
interlocking nails, 987, 987f 
intramedullary pin*, 985 987, 9861-987f 
patient positioning, 989 
postoperative care and assessment, 9^4 
preoperative considerations, 989 
surgical approach. 989, 99Of 
suture materials, 994 


ius muscle flap, 177 178, 178f 


prognosis, r>57 


s u rg leaI t reali 
(ystectomy, 372 
Cystic endometrial hypoplasia, 639 
Cystitis 

description of, 359 
sterile, .set 1 Feline umlogic syndrome, 
Cyslol i thereto my, 572, 590 

CystoSithiasis, 572, 590 

Cystoscope, 106 
Cystostomy, 572,590 

Cystotomy 
definition of, 572 


of, 656 n 5 7 


humeral 


technique, 574-575, :>76f 
temporal, 576-578, 577f 
Cystourethrography 597, 398f 
Cysto u ret h ro pexy, 601 
Cytotec, See Misoprostol, 


canine, 920 
definition of 9(9 


diagnosis of, 9 I 9 


differentia] diagnosis, 919 

feline, 920-921 


medical management of, 919 

midhuifscral, 925f 

pat hop hys i ol og y of, 919 
p rogno si s, 931 
surgical treatment 

anatomic considerations, 924 

approaches, 925f-92Gfi 925-926 

bone plates .mid screws, 922 924. 923f-9241 


D 


Dakin's solution, 141 

Debridement of wound 
description of, 138 
enzymatic agents for, 139-140 
Decompression 

cervical spine, 1248, I248f 

thoracolumbar spine, 1282-1284, 12S4 l 

ventral slot, 1245 

Deep circumflex iliac axial pattern flap, 172-173 
Deep digital flexor IcuecUimy, 204, 205f 
Deferoxamine mesylate, 1323t 
Degenerative disk disease, chronic 

cauda equina syndrome secondary to, I308t. 1309 

mo 

charac teri sti cs of ] 237, 12 3 81 , 12 39f, 12421 
medical management of 12421 
surgical treatment of, 12441, !249t 
Degenerative joint disease. Sec also Osteoarthritis, 
conditions associated with, 1034 

considerations for, 1(134, |034t 
definition of 6(133 
medical management of 
corticosteroids, 1035 

nonsteroidal anti-inflammatory drugs, I026t. 
1035 

phenylbutazone, I026t, 1035 
obesity and, 1035 
pathophysiology of, 103-1 
primary, 6033 

radiographic findings, 1034, 1034f 
secondary, 1033-1034 

surgical treatment of, 1035-1036 
treatmen t o f, 1034 -103 5 
1 Jegc n era r i ve m ye lop a t hy, 1367-1368 
Dehiscence 
suture, 144 

wound, 258 
Depilatory creams, 23 

Depotestoster o ne, See Testosterone cypionate, 

Dermo id si n us, 394-195 
DesferaJ. See Deferoxamine mesylate. 

Pewclaw removal, 205-206, 206f 

■ - , B ( tr 

Jfexamethasone, 7171. 32321, I234t, J243t, 12.521, 

I336t, 3 338t, 1342t, 13661, 1369t 
Diagnostic peritonea) lavage, 272, 2721 
Diaphragm, 789, 790f 
Diaphragmatic hernia 
definition of, 795 
diagnosis of. 795-796,796f 
differential diagnosis, 796 
medical management of, 796 
pathophysiology of 795 
peri lo neoper i ca rd ial, 798 - 80(1 
prognosis, 797 

surgical treatment of, 796- 797 
Diaphyseal fractures. 

femora I 

dcfinilum of 984 
diagnosis of, 985 
differential diagnosis, 985 
medical management of 985 
pathophysiology of, 984 - 9 85 
prognosis, 994 


description of 939-920 


external fixators, 92 I 922, 9251 
i n terioeking nail s, 92 L 92 2 f 
intramedullary pins, 92Of 920-921 
patient positioning, 924-925 
postoperative care and assessment, 9.11 
p re opera Live management, 924, 9241 
suture materials, 930 


s, 190-191 


rad ial 

definition of 938 
diagnosis of 939 
differential diagnosis, 939 

medical management of, 939 

pa t h o phys io to g y a f, 938 93 9 
pm gnosis, 947 
surgical treatment of 
casts, 939 

closed reduction, 939t 
craniomedial approach, 943 
external fixators, 940-943 
indications, 939 
intramedullary pins, 939-940 
open reduction, 939t 
postoperative care and assessment, 947 
suture materials, 946 


surgical treatment 

considerations for, 1115 
fibular head advancement, 1120, 112If 
lateral reiinacular stabilization, 3 319-1120 
postoperative care and assessment, 1121-1122, 
11221 

primary repair with augmentation, 1120-1121, 

1 £ 21 f 

prognosis, 1622 
suture materials, 1121 

tibia! plateau leveling osteotomy. I I 15, 1115f 
surgical treatment of, mtracapsular repair, I 116, 

ni8-im 

orthopedic examination of 849 850, 8501 S51 1 
rupture, 1040 

Cryotherapy, of perianal fistula, 439 
Cryptorchid castration, (>20-622 
Curettes, 1030. I03flf 
Curved he m ost at s, 3 7,37 f 
Cushing suture pattern, 5 | f. 52, 87f 
Cushing's disease, 487 

Cutaneous trunci myoaitaneous flap, 174-175 
Cyanoacrylates 48 
Cyclophos ph am i d l- 

for rheumatoid arthritis, 1042t 
for systemic lupus er> thematusus-induced poly¬ 
arthritis, 1041 

Cyclosporine, for perianal fistula, 4391 
Cyproheptadine, 74t, 407t 
Cyst, pro static 
definition of, 654 
diagnosis of 655 

marsupialization of, 656-657,657t 

med ical nia n a gem en 1 of 65 5 - 6 56 

omental ization of, 656, 656.f 
pathophysiology of 654-655, 655f 
per ip rostat i c, 655 


t i b ia I 


deft n ition of, 1006 
diagnosis of 1006 
differential diagnosis, 1006 
medical management of, 1006 
pathophysiology of, 1006 
prognosis, 1014 
surgical treatment of 

ana U i m ic co n si de rat ion s, 1011 
anesthesia, 1010 
bone pi stes and screws, 1009 
casts, 1007 

external fixator, 1008 1009, 1009M01H 

indications, 1006-1007 

■ 

interlocking nails, 1007-1008 
intramedullary pins, IQG7-IQ081 
patient positioning, 1011 
postoperative care and assessment, 1013 1014 
preoperative considerations, 1010 
suture materials, $013 
Diazepam, 74t r 95t, 4071, 451,45It, I232t 
Dibenzyline, See Pbenoxybenzamine, 

DicuraL See Difljoxacim 

Diet 


appetite stimulant, 74t 
chylothorax managed using, 8081 
enteral, 72, 721 
low-fat, 808t 

total parenteral nutrition* 72, 731 
Diethylstilbestrd, 42 n 56 J l, 601 1 
I >i fl oxacin, 631 

Digit amputation, 206-207, 2071, L >70 1 
Digital tumors, 206 
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Dysesthesia, 1302 

B 

Dysplasia 

elbow. See Canine elbow, 
hepatic microv oscular, 437 
hip. Sec Hip dysplasia, 
temporomandibular joint! 1045-1048 
D yspnL-i c animal s, 716,7 36t-7 1 71 


Electrocoagulation, 58-59 

Elizabethan collar, 252 
Elongated soft palate 
definition oft 730 
diagnosis oft 730 
differential diagnosis, 730 
medical management of, 730 
pathophysiology oft 730 
prognosis, 732 

surgical treatment of, 731ft 731-732 
Emphysema, subcutaneous, 770 
En bloc resection, of thoracic wall neoplasia, 785, 7S5f 
Endoneurium, 1346 
Endoscopy 

antibiotic prophylaxis before, 107 
biopsy use, 107 
care after, 108 

cytologic studies using, 103, 107-108 

equipment lor 
cleaning oft 106t, 106-107 
description oft 104-106 

foreign object removal using, 103, 105, 108. 108i 
gastrostomy feeding tubes placed using, 103 

gastrostomy tube placed using, 83,84 

hemorrhage management using, 103 
indications, 103, 104t 
joint surgery. See Arthroscopy 
procedures for, 107-108 
washes, 108 

Endotracheal tube placement, 909f 
Enrolloxadn, 3831 
for diskospondylitis, I364t 
for extra hepatic biliary" surgery, 476t 

for liver abscess, 470t 

for orthopedic infections, 827t 

for peritonitis, 269t 

for pro static abscess, 652t 

for pytrmtlra, 642l 

for renal surgery, 55It 

for septic arthritis, 10371 

for spi n a] su rge ry, 1215 

Enteral nutrition 

hyperalimentation of, 74, 75t 
indications, 74 
Enterectomy, 369 
Enteritis, 393-395 
En teroen te ropexy 
definition of, 369 

technique for, 380-381, 3821 J 

Enteropexy, 369 
Enterostomy tube 

feeding guidelines for. 90t 
placement oft 85f-9Gf, 85-90 
Enterotomy 

definition oft 369 

technique for, 373-375,374f-375f 
Entropion 

breeds commonly affected, 210 
definition oft 210 

excisional procedures for, 210-212, 21 If-212f 
eyelid tracking, 210,21 If 
1 tolx-Cetsus procedure, 211, 21 lf-2 I2f 
permanent lateral tarsorrhaphy, 212, 1 1 if 
V-to-V correction, 2! 1,212f 
Enucleation, 225-226 
Enzymatic debriding agents, 139-140 
Eosinophils, I9t 

Ependy 

Ephedrine, 56It. 6011 
Epididymis, 616 
Epidural anesthesia. 613t, 8251 
Epidural hematoma, 1339 
Epidural hemorrhage, 1336 
Epidurography, 1207, 1210 
Epinephrine, 67?t 

Epineural neurorrhaphy, 1346-1347, 1348f 
Eptneurium, 1346 

Episioplasty, 610,625,627 ft 63 ] t 
E p bi o to my, 610,625.626ft 63 It 
Ep it enon, 1161 
Epithelium, 135 
Epulides, 299,2991 
Equipment room, 12 
Ergonovme malcate, 6241 
Erythromycin, lor large intestine surgery, 400t 


Dioctyl sodium suifosucci nate. 406 1 

Pi pen turn. See Olsalazine, 

Diphenoxylate hydrochloride, 445t 
Disinfect ton. 7,7t 

Disk degeneration. See Cervical disk disease. 

Diskogenic pain, 1228 
Diskography, 1207, 1209f 
D is kosp on dylitis 
definition of, 1361 
d iagnosis of, 1361 -1363 
differentia] diagnosis, 1363 
medical management of, 1363 
p a thop hys iol ogy of, 1361, 13611 
prognosis, 1364 

radiographic findings, 1362, 13621 
surgical treatmen t of, 1363-13 64 
Dissection onychectomy 203 204 
13 i sse m i n ated i n travascu h r coagul a L ion 
description oi„ 537-538 
heparin for, 496, 4961, 5381 
Dissociative anesthetics, 98 
Distraction osteogenesis, 836-837, 871 
Diverticula, esophageal, 323-324 
Dobutamine, 677t 

Dog(s) 

blood volume in, 21 
bone neoplasia in. I I74t 
fluid therapy regimen, 221 
sedation of, 847t 

"Dog ears" 158, 159f 

Domitor. Sec Medetnmidine, 

Dorsal laminectomy 
cervical spine 

anatomic considerations, 1215, 12151 
a pp ro ach es Fo r, 1220-1221 1 1221 f-12 2 2 f 
caudal, 1224, 1224f 
cranial, 122 If-1222ft 1221-1222 
decompression via, in Wobbler syndrome patients, 
1248, 1 2 48f 

definition of, 1213, 1220 

indications, 1220 

mldcervical, 1222-1224 
technique, 1224-1225, 3225f-1226f 
definition of, 1213, 1220, 1269 
lum bosacral spine, 1302-1303, 130 3f 
thoracolumbar spine 
deep, 1273-1274 
description of, 1270, 12841 
Funkquist A. 1269, 1273, !273f 
Eimkquist B, 1269, 1273, 1273 ft 
modified, 1269-1273, 1270-1273, 127If-l272f 
Dorsolateral vertebral body plating, 1294t, 1294-1293 
Double-flap repair, of acquired palate defects, 293, 

29Sf- 296 f 


' 


E 


Ear 


anatomy oft 230, 23If 
bandaging of, 250. 250f 
Ear canal 
external, 251-252 

lateral resection of, 232f-233ft 232-233 
total ablation oft 234, 235/-236ft 238, 243 
vertical ablation of, 233-234. 234f-235f 
Ear margin avulsions, 249f, 249-250 
Ear surgery 

analgesics for, 230 
anatomic considerations, 23(1, 231 ft 
anesthetic protocols tor, 229-230. 23(Jt 
antibiotic prophylaxis, 2.30 
aural hematoma. See Aural hematoma, 
plications oft 238-239 
ear margin avulsions, 249ft 249-250 
healing after, 238 
instruments for, 238 
1 ate rdl bu I la osteotomy, 2 3 6-237, 2 3 7 f 
lateral ear canal resection. 232f-233f, 232-233 

otitis externa, See Otitis externa. 

otitis media. See Otitis media, 
postoperative care and assessment, 238 
preoperative concerns, 229 
suture materials, 238 

total ear canal ablation, 234,235f-236f, 238, 243 
ventral bulla osteotomy, 237f-238ft 237-238 
vertical ear can a] ablation, 233-234, 234f-235f 

Ectopic ureter 

breeds affected, 559 

definition oft 558 
diagnosis of, 559-560 
■differential diagnosis, 561 
extramural, 558, 560f" 

intramural, 558, 560f 
medical management oft 561, 56It 
pathophysiology oft 558-559, 559f 
prognosis, 564-565 
radiographic findings, 561, 56If 
surgical treatment of 
description of, 562 

instruments lor, 564 
neoureterostomy, 562, 563f 
postoperative care and assessment, 564 
suture materials* 564 






i 




Doxycycl i ne 

for diskospondylitis, 13641 
for t.yme disease, 10391 

for septic arthritis, I037t 
Drains, 142 
Drapes, 3,4f 
Draping, 25f-26ft 25-26 
Drawer motion, 850. 851 f 
Dress ing(s) 
adherent, I45t 
occI u save no nad he ren t, 146t 
semioedusive n onad heren t, 145t ]46t 
Dressing room., 11 
Drooling* eheiloplasty lor, 196, 1971 
Dry-dry bandages, 148 
Ductus arteriosus. patent 
definition of, 685-686 
d tag nosis oft 687 
differential diagnosis., 687-688 

medical management oft 688, 688t 
pathophysiology oft 686 
prognosis. 690 

surgical treatment oft o88f 689ft 688-690 
Ductus deferopexy, 436-437 
Dulcolax. .Seer Bisacodyl, 

1J uodtrn u m 

anatomy of, 371 

ga si rod uoden os copy evaluation oft 112, 112f 
Diufoto my, 1278,1284 

Dynamic compression plate, 881-882, 882f-883f 
Dysehezia, 398 


ureteroneocystostomy, 562, 5641' 
Edrophonium chloride, 736ft 8171 


E timer dings, 840, 84If 


Elbow 


arthrodesis oft 1082, 108 3 f 
arthroscopic evaluation oft 1069-1070 
canine dysplasia oft See Canine elbow dysplasia, 
craniocaudal radiograph oft 1068, 1068f 
incongruity oft 1084t, 1084-1086 

luxation of 

congenital, 1086-1089 

premature closure of distal ulnar or radial physcs 
as ca use oft 1084 ■ 10 86 

trauma-induced 
description oft 1079 
medical management of, 1080-1081 
open reduction, 1081-1082, 1083f 
pathophysiology" oft 1079 
prognosis, 1084 

radiographic findings, 3079ft 3079-1080 
surgical treatment oft 1081-1083 
olecranon osteotomy approach to, 933,936f 
orthopedic examination oft 847-848, 848f 
T or Y fracture oft 937-938 
Elbow hygroma, 192-193, 193f" 

Electrical aitemahs* 701 
Electrical bums, 188-189 
Electrocautery. 58, 1030 
Electrocautery snares, 105 




i, 1263 




i 
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I n dcx 


Esmulol, 496t, 52 2 t 

Esophagectomy 

pa rtial,- 314-315. 315 f-31 <jf 
patching techniques for, 315, 3l7f 
Esophagitis 
description o ft 308 
treatment of, 308 1 , 338 
Esoph agoscopy 

anesthesia, 114 
balloon dilatation of sirE 
definition of, 307 
description of, HHt 
equipment for, 114 

errors in* 114t 
foreign object removal using, 115-116 

indications, 1 14 

patient preparation and positioning, 114 

techniques for, 114-116 
Esophagostomy 
definition of, 307 

technique for, 31 7 
tubes tor, 75-77 
Eso ph agotomy 
closure of, 314, 314 f‘ 
definition of, 307 
patching techniques for, 315, 3] 7f 
technique for, 31.1, 314, 3141 
Esophagus 
cau da 1,311,313f 

cervical, 310, 31 If 

£ ran ial tho rac sc, 3 10, 312 f 
disorders of 

characteristics of, 3071, 30(7-308 

cri coph a ryngeal achalasi a, 3 3 2 - 3 3 4, 3 3 3f- 334f 

diverticola, 323-324 

foreign bodies, 318-321 

gas e roesophageaI intussuseepLion,330 33 I 

hiatal hernia, .See Hiatal hernia. 

neoplasia, 324-326 

preoperative management of, 308t 

strictures, 321-323 

vascular ring anomalies. See Vascular ring mom 

lilies, 

heart base approach to, 310-311,313f 
Esopha gus surge ry 

age considerations, 318 
anatomic considerations, 310 
anesthesia considerations, 309t, 309-310 
antibiotic prophylaxis, 310 
caudal esophagus, 311, 313f 
cervical esophagus, 31G. 31 if 

complications t>f, 318 

cranial thoracic esophagus, 310, 312f 

definitions, 307 

esophagec t orhy, 314-315,3155-316f 
healing after, 337 
instruments for, 318 
postoperative care and assessment, 318 
preop era live concerns, 307-308 
suture materials, 318 
Ethylene oxide, for sterilisation, 9, lOf 
E t i d rona te d lsi »d i o m, lor hyperca I cem ia, 4271 
Etodokc, 101 

for degenerative joint disease, 10261 
tor panosteitiSi 11701 
Etoge.sk. See Etodolae. 

Everted laryngeal saccules, 732 734 
Exenteration, 225-226 
Exocrine pancreatic neoplasia, 514-316 
Exsangu i nation, 142 
Extensor postural thrust, 1195 

External abdominal oblique muscle flap, 176-177, 177f 
External fixators 
acrylic; splints 

description of, 867-868 
mandibular fractures treated using, 906,9061 
maxillary fractures treated using, 906, 906f 
applications 

description of, 865-866 

femoral diaphyseal fractures, 987 988 

h lj me ra] dia physea I fra cl u res, 921- 92 2 

mandibular fractures, 9(16, 906f 

maxillary fractures, 906,906f 

radial diaphyseal fractures, 940-943 

tibial diaphyseal fractures, 1008-1009, 1009f-101 If 


External fixatorfr—cont’d 
aseptic surgical techniques, 865-866 
bi lateral-btplanar, 867 
bilateral-uni planar, 867 
biomechanical properties of, 861-863 
circular 
applications of 

angular deformities, 872-873, B73f 
arthrodesis, 871 
bone lengthening, 871-872 

bone transport, 872 

fracture treatment, 870-871 
biomechanical properties of, 868 
components of, 8b8f" 
frame construction, 869 
rings, 869 

wire fixation bolts, 869 
wire tensioner, 869f, 869-876 
wires, 868-869 

indications, 868 
postoperative care, 873-874 
complications oft 865 
connectors, 864,864 f 
equipment and supplies. 863-865 
indications, 861-863 
intramedullary pins used with, 867 
linkage devices for, 864ft 864-865 
pin-bone interface, 865 
pins, 861 ft 863ft 865 

postoperative care, 868 

unil ate ral - b Eplan ar, 866 - 86 7 
unilateral-uniplanar, 866 
Ext rah ep a tic biliary surgery 
age considerations, 481 
anatomic considerations, 476 
anesthesia for, 476 
antibiotic prophylaxis, 476, 476t 
bile flow diversion, 478-449 
biEi-ary tract healing, 481 
cholecystectomy, 477, 47&f 
cholecyslotomy, 477* 477f 
choledochod u Liden ostomy 478 479, 48 Of 
chit] edoch oj e i u nos tom y, 478 - 479, 4 86 f 
cholcdochotomy, 477,478f 
common bile duct Eniuries, 479, 481 
complications oft 481 
definitions, 475 
instruments, 481 
postoperative care and assess 
preoperative management, 475-476 

suture materials, 48 1 

Ext remit ies 

ban dag tng T echn iques for. 151-153, 1 52f-153 f 

immobilization of, 151 
Eye su rgery 

conjunctival lace rations* 218-220 
corneal lacerations, 218-220 
description oft 210 
ectropion 

blcphaxoplasty for, 214, 218f 

conjunctival, resection oft 213 
modified Kuhnt-Szymanowski procedure tor, 214, 
2I7f 

temporary tarsorrhaphy, 214, 216ft 
trephination oft 213, 213f 
V- Y co rrecti on oft 213 -214,215f 
wedge resection oft 213, 2l4f 
entropion 

breed s comma nly affected ,210 
definition oft 210 

excisiu ru l p meed u res for, .210-212,211 f-212 f 
eyd id E raekin g, 2 10, 2 11 f 
Hotz-Celsus procedure, 211, 21 If-212f 
permanent lateral tarsorrhaphy, 212, 213f 

Y-to-V correction, 211,212f 
enucleation, 225-226 
exenteration, 225-226 
eyelid lacerations, 218,218f 
evdid masses, 220f-221ft 220-22 ] 
proptosis, 225, 225ft 
surgical arte preparations, 210 
temporary tarsorrhaphy, 222 
third eyelid 
flaps, 222-223,223f 

prolapse oft 223, 224 f 


Eyel ids 

laceration oft 218* 2181 

masses, 2201-221 ft 220-221 
proptosis, 225, 2.25f 
third 


flaps, 222-223,223f 

prolapse oft 223. 224f 


F 


i, I 16,321-323 


Facetectomy, 1213, 1302 
Facial nerve, 1199 
Facial nerve paralysis 
clinical si gits of, 2441 
total ear canal ablation, 243 
Famotidine 
for esophagitis, 308; 
for gastric outlet obstruction, 362 1 
for gastric ulceration, 365 1 T 12341 
tor gastrinoma, 513t 
Far near-nearfar suture pattern, 52ft 53 
Fascia] .sting, for fecal incontinence. 44n 447 

Fecal incontinence 
definition oft 444 
diagnosis of, 445 
differential diagnosis* 445 
medical management of, 445,445T 
pathophysiology of, 4441, 444-445 
reservoir, 444, 4441 
s igns oft 4 1:6t 
sphincter, 444,4441 
surgical treatment of, 446-447 
Fddcnt* See Pirpxicam. 

Feline castration, 62(1,621f-622f 
Fe I ine ch to n ic prog re ssj ve pol yar cJi riti s, 104 2 
Feline urologic symd 
de ft n iti on oft 604 
diagnosis oft 604-605 
differential diagnosis, 605 
medical management oft 605 
pathophysiology oft 604 
perineal urethrostomy tor, 605-607,606f 
prognosis, 607 

surgical treatment tjf, 605 607, 606f 
synonyms for, 604 

Female reproductive tract diseases and disorders 

anatomic considerations, 614-61 5 
mammary neoplasia. See Mammary tumors, 
pyomeira. Set Pyometra. 
uterine neoplasia, 638-639 
uterine prolapse, 646-648 
vaginal prolapse, 644-646 
Femoral fracture 
comminuted, 991 
enxofemoral luxations i 
di ap hyseal 

definition oft 984 
diagnosis oft 985 
differential diagnosis. 985 
medical management oft 985 
pa thoph ysiulug y oft 984 - 98 5 

prognosis* 994 

surgical treatment of 
anatomic considerations, 989 

bone plates and screws, 988 
external fixators, 987-988 
interlocking nails, 987. 907f 
intramedullary pins, 905-987,986ft 987f 
patient positioning, 989 
postoperative care and assessment, 994 
preoperalive considerations, 989 
surgical approach, 989,9901" 
suture materials, 994 


, 483 


,ucidled with, 98.1 


distal 

characteristics oft 999ft-UHHlft 999 1000 
comminuted, 1003 
midshaft 

comminuted, 992-993,993F 
long oblique, 991,992f 
transverse, 989, 99 I f 
neck, 994-996 
physeal 

definition oft 996 
diagnosis oft 996-997 
differential diagnosis, 997 
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F3 aps-^cont'd 

pedicle. See Pedicle flaps. 


Femoral fractures- -coin'd 


physeal—coat d 

pathophysiology of, 996 
postoperative care and assessment, 1003 

prognosis, 1003-1QD4 


arteriovenous 

eharae Leristics of, 457-459, 458f 
partial hepatectomy for, 4*7 
surgical treat men L of 463-464 
perineal 

b reed s atYec ted ,438 

definition of, 437 
diagnosis of, 438 

differential diagnosis, 438 
medical management of 438 439, 439 l 
pathophysiology of 437-438 
physical examination findings, 4 3H, 438f 
prognosis, 441 


third eyelid, 223 223, 223f 


, a,-9 

Flexor carpi ulnar is muscle flap, 178 179, 17 4 Jf 

Florinef See Fludrocortisone acetate. 


Salter 1,1001 1002 


Fludrocortisone acetate, 44 H 


Salter U, 1001 1002 


Fluid therapy, 2 3, 221 


Flmiixin meglumine 

for ca ud a eq u i na synd ro me, 13101 
for cervical disk disease, I232t, 12541 


salter IV, 1002, 10031" 


surgical treatment of 997-1003 
trochanteric, 3001 
proximal 

stabi 1 izatio n o f I Of)0- E 001, l OH l f-10021 


for Wobbler syndrome, 1243t 
Fluoroquinolones, 63 
Foley catheter placement: 576, 57/1 
Follicle-stimulating hormone, 61 l 
Food intake restrictions, 23 




short oblique, 989,99 If 


surgical treatment of 

co mpl itat ions, 441 
cryotherapy, 439 

debridement with figuration and ablation, 440 
description of, 439 

postoperative care and assessment, 44 ] 

preoperative management, 439-440 
tail amputation, 440, 440f 
synoityitT5 for, 437 


Femoral hernia 


anatomic considerations, 263. 2641 
definition of 261 
diagnosis of 262-263 

differential diagnosis, 263 
location of 262f 

pathu ph ys iology of 2 62 

examination findings, 262 
surgical treatment of, 263-264, 267. 267t 
mur 

distal, 999f 1000® 999 1000 
fractures of. Set- Femoral fractures, 
mid femoral amputation, 1179, I 183 f 
neck 


description of 207 
lacerations of 207 


salvage of, 208f, 209 


superficial loss of, 207 




Foraminotomy, 1213 
Fo rceps 

grasping, 1030, 10301 

tissue. 36t-3Sf 36-37 
Ford interlocking suture pattern, 51, 511 
Foreign bodies and objects 
bronchoscopic remova I of. 123 
endoscopic removal of 103, 105, EOS, 10&1 
esophageal 
diagnosis of 319 
differential diagnosis. 320 
pathophysiology of. 318-319 
radiographic findings, 339 
surgical treatment of, 320-321 
esophiigoseopic removal of, 115-1 16 
gastric 

definition of 352 
diagnosis of 353 
differential diagnosis, 353 
medical management of 353, 354t 
pathophysiology of 352-353 
radiographic evaluation of 353 
gas trod Liculenosco pic removal of 112-114 
gastroesophageal reflux secondary to. 115 

in wounds, 136 

intestinal 

considerations for, 384 385 
definition of, 384 
diagnosis of. 385-386, 3861 
d i fi erential di agn o si s, 3 8 6 
illustration of 374f 
medical management of 386 
obstruction secondary to, 384, 385f 
pathophysiology of 384-385, 385 f 
radiographic findings, 385-386, 386t 
surgical treatment of, 386-387 
Fo relimb. See also Paw, 
growth deformities of 955 
orthopedic examination of, 846-848 
Fort ax. See Ceftazidime. 




Fixation 


acrylic splints, 867-868 
application of 865-866 
aseptic surgical techniques, 865-866 
bilateral-biplanar fixators, 867 
bilateral-uniplanar fixators, 867 
biomechanical properties of 861-863 
cerclage wire, 877-879, 879f 
circular external fixators 
applications of 

angular deformities, 872-.873,873f 

arthrodesis, 871 

bone lengthening, 871-872 

bone transport, 872 

fracture treatment, 870-871 
biomechanical properties of 868 

components of H68f 

frame construction, 869 


a n atomy o f, 1098 
fractures of 994-996 


osteotomy of, MOO, 1101 f 

orthopedic examination of, 851 


osteotomy of 1100, 110If 1135 




proximal, 998-999 
1 enestration 


cervical disk, 12.20, 122It 

definition of, 1213, 1278 
thoracolumbar disk disease, 1282 
description of 1284 

dorsolateral, 1283t, 1287, 12871' 

lateral. 1285,12851, 1286f 

ventral,, 1285, 12851 




wi re fi xa t it) n bt ills, H69 
wire tensioner, 869f 869-870 

wires, 868-869 
indication s t 868 
postoperative care, 873-874 
connectors, 864, 864f 

interlocking nails, 87668771", 876-877 
intramedullary pins. Sec Intramedullary pins, 
linkage devices, 864f 864-865 
orthopedic wire, 877-879 
pins 


Fentanyl 


dosing of 96t-97t, 825t, 8691 


properties of 96t 

transdermaJ delivery of. 96-97. 824 
Fentanyl citrate, 677t 
Fibrin glue, autologous, 48-49 
Fibroblasts, 135 


Fibrocartilaginous embolization, 1368 1369 

Fibronectins, 137 

Fibrosarcoma. 298t, 298-299, 301,1 l74t 
Fibrous joints 
definition of 1023 
types of, 10271 


description of 86If 8631" 
intramedullary. See Intramedullary pins, 
spinal, 1295-1296, 1297f, 1315-1316, I3l6f 
unisaleral-hiplanar fixators, 866-867 
unilateral-uniplanar fixators, 866 
Flagyl. See Metronidazole. 


fractures of See Fibula fracUs 
head advancement, 1120, 11211 
>ula fractures 
diaphyseal 

definition of 1006 
diagnosis of 1006 
J i ffe re 1 i Li al d iag uosis, 1006 
medical management of 1006 


Fiji I chest 


Fractu res 

acetabular, 971-973, 974f-975f 
assessment score 

biologic factors, 856-857 
clinical factors, 857-858, 8581 
description of 855 

interpretation of 858-859 

mandibular fracture treatment based un, 9fJ6, 90S, 




pathophysiology of 771,77If 
surgical treatment of 772,773f 
Flaps 

axial pattern. See Axial pattern flaps, 

bladder, for hypoplastic urethra reconstruction, 602, 

6Q2f-603 f 
composite, 174 
conjunctival, 222, 222f 
m ic ravascu 1 ar t ra ns fers, 182 


-■I 


surgical treatment of 

anatomic considerations, ttill 
anesthesia, 1010 

bone plates and screws, 1009 
casts 

ex ternal fixate rs, 1008-1009, 10091-1011 f 
indications, 1006-1007 
i nterlocking nails, 1007 1008 
intramedullary pins, 1007-10081' 
patiem positioning, 1011 
[i i >.*5 to petal ive ca re a n d asses-sm en i, 1013-1034, 
1020 

pren pc relive considerations, 1010 
suture materials, 1013 
physeal, 1017-1020 
Pita wide* osleri, 745 

Fishhooks, esophagoscopy removal of I 15 I 16 


me chan Seal factors, 85 5 - 8 56,8 56 f 
biomechanics of 828 -829, 829f-830f 




bone healing 


sartorius, 178 
cranial sartorius, 177-178, I78f 

description of, 176 

externa I abdominal oblique, 176-177,1771" 
flexor carpi ulnar Is, 178 179, 179f 
temporalis, 179-180, J80f 

myocutaneoui 

cutaneous trunei, 174-175 
latissimus Jorsi, 174,175F 

platysnla, 174 

trapezius, 175, 176f 
omental, 180-181, 181 f 


blood supply effects, 831 832, 8321' 


■B T- 


factors that affect, 831, 856-657, 890 
fi x,i i in n devi ecs for, 833, 83 4f 838 
indirect, 833 

radiographic evaluations of, 837-839 
butterfly fragment. 827 
calcaneal, 965 

car pal. See Ca rpal s, (Tact u re of 
cervical spine* .See Cervical spine, fractures and luxa¬ 
tions of. 
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Gastric foreign bodies tool’d 
differential diagnosis 353 
medical management of, 353, 354; 
pathophysiology of, 352-353 
radiographic evaluation of, 353 
surgical management of, 353-354 
Gastric neoplasia 
adenocarcinoma, 366 
breeds affected, 367 
considerations, 366, 367t 

definitions, 366 
diagnosis of, 367 
differential diagnosis, 368 
leiomyoma, 366 - 367 
leiomyosarcoma, 366 
lymph om a, 366 
medical management of, 3 98 
pathophysiology of, 366-367 
prognosis, 368 
surgical treatment of, 368 
synonyms for, 366 
Gastric outlet obstructions 
considerations for, 361, 36It 
definition of, 360 

diagnosis of, 361 

differential diagnosis, 361-362 
medical management of, 362t 
pathophysiology of, 361 

surgical treatment of, 362-363 
Synonyms for, 360 

Gastric surgery. See also specific procedure. 
age considerations for, 352 
anatomic considerations, 339 
anesthesia for, 338-339 
antibiotics prophylaxis, 339, 3391 
com plications of, 352 

definitions, 337 

greater curvature cut stomach removed, 341,341 f 
hea I i ng of stomach after, 351 
indications, 338 
instruments for 351 

postoperative care and assessment, 351-352 
preoperative considerations, 338 
sutures for, 351 
Gastric tissue, 340-341,34If 
Gastric ulceration and erosion 
considerations for, 363t, 363 364 
deli n it ion of, 363 
diagnosis of, 364, 365t 
differential diagnosis, 365 
med ic ai ma nagement of, 36 5,3651 
neoplasia-induced, 364 
pathophysiology of, 363-364 
prognosis, 366 

s ti rgi ca I t reat men i i) f, 36 5 - 366 

synonyms for, 363 

Gastrin 

definition of, 364 
serum levels of, 365t 
Gastrinomas, 5 3 2-514 
G as troduodenoscope, 104 f 
Gastrod uod enoscopy 

advantages and disadvantages of, I09t 

anesthesia for, 110 

description of, lG4t 

equi p men t fo r, 109-1 1 0 

errors in, JG9t 

foreign object removal using, 112-114 

gastric and duodenal abnormalities evaluated using, 

112, SI2f 

gastrostomy tube placement using, i 13 
indications, 109 

patient positioning and preparations for. I 10 
techniq ties., 110-114,11 If 
Gastroduodcnostomy, 337 

Gastroepiploic artery, 339 
Cast roesophageal i ntu ssuscept ion, 330-333 
G ast rojeyu nosto-my 
definition of, 337 

partial gastrectomy with, 343-344, 344 f 
Gastropexy 

belt-loop. 349,349t, 35If 

circumcosLa], 34 8 i- 349t. 3481. 348 349 

definition of, 337 

description of, 346 


Fractures- -coni'd 

transverse 

characteristics of, 827, 828f 
humerus, 926-927, 927f 

mandibular, 911,912f 
metacarpals, 969 
metatarsals, 969 
radial, 943-944,945f 

reduction of, 890 f 
scapular, 916f 

Fragmented coronoid process 

arthroscopic evaluations, 1069-1076 
breeds affected, 1067 
definition of, 1067 
diagnosis of, 1067-1068 
differential diagnosis, 1069 
medical management of, 1069-1070 
muscle-splitting approach, 1071, 1073f 
pathophysiology of, 1067 
pronator teres transection, 1071, 3 0721' 
radiographic findings, 1067-1068, 1068f 
surgical treatment of, 1071-1073. 1072f-1073f 
¥redcl - Ram stedt py lo mmyntmn y, 345, 345 f 
Frostbite, 189 

Furadn. See Nitrnfura/one. 

Furnscmide, 427t, 6881, 13381, L342t 
Fu si lo r m skin d elects, 162,3 65f 
Fusion podopjasty, 209 


(' n Fd 


Fractures 

comminuted 

characteristics of, 827,828f. 838-839, 890 

distal femoral, 1003 

fern oral, 991,992 - 993,99 3 f 

humeral, 922, 927-929. 929f-930f 

metacarpals, 96 8 f 

radial, 940, 946f 

scapular, 915 

stabilization of, 9II 912 

tibiai, 1012 f, 1012-1013 

delayed union of. 842 


description of, 827 

diaphyseal. See Diaphyseal fractures. 

distraction of, 892f-893f, 893 

fixation devices for 

bone plates and screws, See Bone plates and 

screws, 

casts 8 59 -861.860f 
ce rdage wire, 877 -879,879f 
description of, 833.834f 859 
external fixators. See External fixators, 
interlocking nails. See Interlocking nails, 
intramedullary pins. See Intramedullary pins, 
orthopedic wire, 877-879 

removal of, 838 
tension bands, 879f, 880 
humeral. Sec Humeral fractures, 
dial. Vet 1 Ilia I fractures, 
intertrocha n t eric, 995 • 996 
ischial. Sec Ischial fractures, 
limb alignment, 888:1, 889 
limb function considerations, 858 
load sharing considerations, 856 
lumbosacral spine. See Lumbosacral spine, fractures 

and Luxations of, 
ma I leolar, 1016-1017, 1017 f 
malunion of, 842, 843f 
mandibular. See Mandibular fractures, 
maxillary. .Sec Maxillary fractures. 

metal spoon splints for, 822, 822t, 824t 
metaphyseal, 837, 8381'. Sec Metaphyseal fractures. 

nonreducible, 855 

nonunions of, 84I -842,842f 
oblique 

ch aractelist ics of, 8 2 7, 8 2 8 f 
reduction of, 890, 89if 
stab ili /a Lion of, 91! 
open,827-828 
open reduction of 

description of, 889t, 889-890 
mandibular fractures, 910-9] 1 

patellar, 1004-1005 

phalangeal. See Phalangeal fractures, 

physeal, H2K 

pubic. See Pubic fractures, 
reducible, 855 
red net i on 

anesthesia, 890 
dosed, 889, 8891 
definition of, 889 
open, 889t, 889-890 
techniques, 890f-893f, 890-893 
Robert Jones bandages lor, 822, 822t, 823t 
sacral, 981-984 

Sailer-Harris classification, of. 828, 8281 
sarcoma associated with, 11741 
scapular. See Scapular fractures, 
skull, 1339 

soft padded bandages for, 822-823 
soft I issue injury associated with, 856-857 
spies splints for, 823 
spiral, 827, 828f 

stabilization of, 839 

.strain associated with, 833, 835f 
surgical treatment of 

age considerations, 842. 844 
complications, 841-842, 842f 
postoperative care and assessment, 840-841 
suture materials, 840 
talar, 965 

tarsal. See. Tarsal fractures. 

thoracolumbar spine. See Thoracolumbar spine, 

fractures and Luxations of. 


G 


Ga i i evalu at son, 1193-1194 
Gallbladder 
anatomy of, 476 
rupture of, 484 

s u rgt ry of. See Extra hepati c bi Ha ry surgery. 
Gallstones. See Cholelithiasis, 

Gam bee suture pattern, 50, 50f 
Garamycin. See Gentamicin sulfate. 

Gas sterilization 

ethyl en e oxide use, 9, l Of 
preparations for, i 
Cast recto my, partial 
definition of, 337 
technique for, 340-341.34If 
with gastrojejunostomy, 343-344, 344f 
Gastric abnormalities, 1)2, K XZf 
Gastric artery, 339 
Gastric dil atation-volvul us 
breeds affected. 356 
considerations for, 354-355 
definition of, 354 
diagnosis of, 356 

dietary recommendations, 355t 

differentia] diagnosis, 357 
gastric decompression* 357 
gastric rotation associated with, 355, 355f 
gastropexy for, 346 

hypokalemia associated with, 359, 359t 
laboratory findings, 356 
medical management of, 357, 357t 
partial, 355 

pathophysiology of, 354-355 
prognosis, 359-360 
pyloromyotomy for, 344 
pyloroplasty for, 344 
radiographic findings, 356, 356f 
simple, 354 
surgical treatment of 

anatomic considerations, 358 
anesthesia, 357-358,35Ht 
complications, 359 
instruments, 358-359 

patient positioning, 358 
postoperative care and assessment, 359, 359t 
preoperative considerations* 357 
suture materials, 358-359 
technique, 358 
synony ms for, 354 
temporary gastrostomy for, 341-342 
ventricular arrhythmias associated with, 359, 369s 
Gastric emptying, 344, 345t 
Gastric foreign bodies 
definition of, 352 
tliagnos 


is of, 353 
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ont'd 




F lernij 
d ui p hragm a tic—cont'd 
pr«i-^;niJSi:K F 797 

surgical treatment of, 796-797 


Healing 


:ont f d 




bone grafts, 899 


dilatation - volvulus associated with* 346 


brain, 1134 


¥ ’ 




Irac t u re 


L346 347 




i . 


Gastrostomy 

te mpo ra ry, 341-342 


anatomic considerations, 263, 2641 
definition of, 261 


direct, 836. 836f 


t 


1 - 




factors that affect, K31,856-857, 890 


diagnosis of, 262-263 




lisa lion devices for, 833. fl34f, 838 


com p lications of, 8 4 
contraindications, 78 

endoscopic placement of, 81,84, 103 

gastroduodenoscopy placement of, 113 
indications, 78 




differential diagnosis. 263 


indirect, 833 




location of, 262 f 


radiographic evaluations of. 837-839 


spinal cord, 1227 


physical examination fin d i ngs, 262 
surgical treatment of, 263-264, 267, 26 7 f 
hiatal. See Hiatal hern La, 




wo tin d. See 3 Von nd heal i ng. 




Heart, 678, 678f. 


laparotomy placement of 84 


Heart rate, 7881 


low-profile, 84f-85f. 84-85 


inguinal 


percutaneous placement of. 78-81 
with gastropexy, 78-80, 80f-81t 


u in s, 2 63, 2611 


Heimlich valves, 792 
Heineke 


anatomic 




as L y, 34 5, 345f 


M ] kulicit p yl tiro pi 


\ 80 81,826831 


without gastropexy 


i 


Gastrotomv 

• • • - jf 

definition of, 337 

technique tor, 339-340, 340f 

GDV, See Gastric dilatation-volvulus. 


i am a 
definition of 544 

differential diagnosis, 546 

surgical treatment of. 546 
:m angiosarcoma 
card:a c, 708, 7081" 


d i ffere n t ia f d i agn os is 


263 






localiim of 2621 


physical examination findings, 262 


(j el ft j a m. 59 




Genicular axial pattern flap, 173 


■ 


surgical treatment of, 263-264, 26402651" 


Gentamicin sulfate, 63i, 139, 4901, 827t, 1 3641 


, See Perineal hernia. 


description of, 1174t 


Gen tod n, See Gentamicin. 
Giant cell tumor, I L74t 


prognosis, 546- >47 


right atrial, 708. 708f 


G losse cto my, 2 74 






diagnosis of 262-263 

nosi s, 


surgical treat m e n t o f 546 




at nerve. 


location of, 262f 


G lov i n g 

area for, 12 


pathophysiology of, 262 


physical examination findings, 262 
surgical treatment of. 263-264, 266f 267f 


aural. See Aural hematoma, 


ileii ii 11]i :ii i 'A , a44-?-']? 


r 


closed, 31,31 f 


e 


definition of. 259 


subarachnoid, 1339 


procedure for, 31 


M 




surgical treatment of 54-6 




for non erosive idiopathic immune-mediated poly¬ 
arthritis, 1039-1040 

for systemic lupus erythematosus-induced poly 

arthritis, 1041 




. 260 


c 


su rg i ca I trea 1 me nt r>f, 260 -261 


rvicai spine, 1224 


LC 


definition oh 123 3, 1269 


nar 


Complications of 437,437t 




desc ri p ti on o f 4 34 


Glutaraldehyde. 7t, 9 

Glycosaminoglyeans, 

Goiter. 519 
Gown 


internal ohmrntor, 45 1 >, 4361 


polvs u I fa ted. 109 7 




' 


Hemimaxillectomy, 2781 


Hiatal hernia 


> 


definition of, 326 


Hem [standing, 119a 


1 


is, 328 


Hemoglobin oxygen saturation, 680,682 


purpose of, 30 


ste ri Ii t y - >f, 3 0, 3 3 


after liver surgery, 4:>6 


ra 


11 




:al treatment of 328-330 
Hinge flaps, 166, 168, 1681" 


area for, 12 


a 


packed cell volume, 70 
postoperative, 69-70 
ven i n is sin us ,1213, 121 -li 


proced u re for, 30- 31 

acilis my 
characteristics of. 1164 1165 






i* 


d i fferen t i a I d ia gn os is 
medical m 


agents for, 59 


surgical treatment of 1167 


Grafts. See Bone grafts; Skin grafts. 


1097 


Grann lex-V, 139 


anti- 




Hemostat forceps, 37. 37f 


l 1 ra nulc j ma lou s men i ngoe 11 cep 


Graves' disease, 519 


su rgi c a J t rea t me nt of 
anatomic cun si 


definition of 450 


8, $f St 
ion, 1108, 11Of 




■ 


i 


467 


Greater trochanter 


y. 




Hepatic abscess, 468-470 
Hepatic micro vascular dysplasia, 457 

471-473 


Growth factors, 137 




cu nsiderat ions fa r, 1097-1098 

femoral head and neck osteotomy, 1100, 110It 


Gurneys, 12 


Hepatic neoplasia 


i 


H 


i 


5 


pelvic osteotomy, 1097, 1099f, 1099-1100 

, 1100 


a bdo min a l 


postoperative care and assessment 
preoperative con side 
pro gn Lists a tie l . 1100 


I 


Hair removal, 23-24 
1-1 and ties, o f s Lit n re, 53, 54f- 57 f 
Harrington spinal distraction rods, 1247 
Haversian 


definition of. 259 


■ 




Slocum osteotomy, 109, 


suture materials, 1100 




bandaging techniques for, I 5 t 


L 


Hip joint 

anatomy of 995, 1098 

side reconstruction, 1106, 


trauma of 


surgical treatment of 260-261 


definition of 1336 


c 


Tic 


dysplasia of See Hip dysplasia 


definition of 795 


, 1337 


greater trochanter translocation 


iagnosis of 795-796, 796 f 


, t 


, 3 


management of, 1337-1338, I338t 


medical 

pathophysiology of, 1336-1337 


laxity o ft 851 852,853 ft 109 4 


differential diagnosis 


, 796 


luxation of 


medical management 


of 796 


prognosis, 
s 11 rgjca! t rea t m e n l of, 1338-1339 


construction for. II06, 1I06t" 


* 


cats 


U 


* 


peri u me: >p e r i ca rd i a 1, 798 8 00 
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Index 


1 lip join L—con I'd 
luxation of—conl'd 
crani odor sal, 1104, i 104f 
definition of, ! 093, I 102 
description of, 851, 852f 
d sag nos is o f, 1102 f-13 G3f* 13 02-1103 
differential diagnosis, 1103 

joint reconstruction for, HQ6f-llQ8fi 
1106-1108 

medical management of, I 103 
pathophysiology of. 1102 
prognosis* 1108-11139 
surgical treatment of, 1105- 3 308 
i>rth(]petlic examination of, 851 
reconstruction of, 1106f-l lOBf. 1106-1108 

J m 

surgical exploration of, 3 3 06 
Hirudiniasis, 154 
H ock. See also Tarsus. 

d o rsomedia l approach t o, 1152-1153, 1153 f 
orthopedic examination of, 849, 849f 
Hopping, 1194,1194 f 

Horizontal mattress suture pattern, 49-50,50f 
Hormones* 611,61 It 
Hotz-CdsttS procedure, 231, 21 If-212f 
Hourglass compression of cervical spine 
characteristics of". 1237, 1239, 1240f 
medical management of, !242t 
surgical t rea t met it of, 12 4 4 l, 124 91 
Housekeeping supply room* 12 
Humeral fractures 
condylar 

lateral 

stabilisation of,936-937,937t 

surgical approach, 933, 935f 

medial, 936-937, 93 7t 
diaphyseal 
canine, 920 
definition of, 919 
d iagnosi s of, 919 
difiWenti.il diagnosis, 919 
feline, 920-921 

medical management of, 919 
m idhu m era1,925f 
pathophysiology of, 919 
prognosis. 933 
surgical treatment 

anatomic considerations, 924 

approaches, 92 5 f-9261,925-926 

bone plates and screws, 422-924, 923f-924f 

description of, 919-920 

external fixators. 921-922,923f 
interlocking nails, 92I,922f 
intramedullary pins, 920f 920-921 
patient positioning, 924-925 
postoperative care and assessment, 931 
preoperative management, 924.9241 

Suture materials, 930 

epiphyseal 

definition of, 931 
diagnosis of, 931 
medical management of, 932 
pathophysiology of, 931-932 
proximal, 933, 934f, 934-935 
surgical treatment of, 932 938 
lateral epicondyte, 933, 935 f 

met a p hyseal 

diagnosis of, 932 
medical management of, 932 
pathophysiology of, 931-932 
proximal, 934-935 
surgical treatment of, 932-938 
mid-shaft 

comminuted, 927 929, 929f-930f 
long oblique, 927,928f 
transverse, 926-927, 927f 

phy seal 

definition of, 931 
proximal, 935-936, 937f 
halter 1,935-936,937f 
surgical treatment of, 932 938 
postoperative care and assessment* 938 
prognosis, 938 
supracondylar, 929,930f 
suture materials, 938 


Hypothalamus, ] 324 
H ypoth erm la 
anesthesia-induced, 339 
perioperative, 66 
Hypothyroidism 

clinical manifestations of. 516-517 
definition of, 516 
goitrous, 516 
nongoitrOus, 516 
treatment of. 517t 
Hypovolemia, 21 

Hysterotomy, 610. See disc Cesarean section. 


Humerus 

cancellous hone harvesting from, 894f, 895 
fractures of. Sec Humeral fractures, 
mid humeral amputation, 1177, 118 If 
orthopedic examination of, 848 
osteochondritis dissecans of, 1048, 105 Of 1073 107”' 
osteochondrosis of. See Osteochondrosis, 

Hyaline cartilage, 1027 
Hydrogen peroxide, 141 
Hyd rom o rp hone, 9 5,96t 

Hydrophilic agents, 140 
Hygromas, elbow, 192-193, 193! 

Hyperadrenocc rlicis m 

ACTH stimulation test for. 4941,494-495 
defi n iti on of, 487 
pathophysiology of. 492 
spontaneous, 494 

I !y per ali m en la tio n 
complications of, 90-91 
enteral, 74, 75t 

enterostomy tube, 85f-90f 85-90,90c 
esophagostomy tubes, 75-77 
feeding rate and volume* 90 
gastrostomy tubes. See Gastrostomy, tubes, 
nasoe&Ophageal intubation, 74-75. 75f, 751 
pharyngostomy tubes, 77 78, 78f-79f 
total parenteral nutrition, 74 
Hypercalcemia 
diuresis of, 526t 
treatment of, 427t 
Hyperglycemia, 91 
Hyperkalemia 

cardiovascular effects, 572 
treatment of. 573t, 7K3t 
uro abdomen, 572 
Hyperparathyroidism 

clinical manifestations of* 517 
definition of, 516. 525 
diagnosis of, 525-526 

differential diagnosis, 526 
medical management of, 526 
parathyroidectomy for, 526 
pathophysiology of 525 
prim a ry, 525 

surgical treatment of 526-527 

Hyperpsthia, 1198,1199f 

Hyperthyroidism 
definition of 516,519 
diagnosis of 519- 52! 
differential diagnosis, 521 

feline. 516-524 

glomerular filtration rate increases associated with, 


I 


Ileocolic valve 

colon□deoscopic approach to. I 19 I 2D, 120f 
in cat, 120.12Gf 
in dog, 119-120, ! 20f 
dial fractures 

definition of, 975 
diagnosis of, 975,975f 
medical management of, 975-976 
prognosis, 981 


with bone plate, 978, 98Of 
with lag screws, 978, 98Of 

su rgi C«1 treat men t of 

anatomic considerations, 977 
bone plates and screws, 977 
indications, 977 

patient positioning, 978 
surgical approach, 978, 979f 
suture materials, 981 


dial wing* cancellous bone harvesting from, 895f 896- 


897 


Imipenem, 61 , 63 t 

for pancreas surgery. 50 31 
for peritonitis, 2691 
Imipramine, 5611 
Immunosuppressive drugs 

for feline chronic progressive polyarthritis* 3042 
for rheumatoid arthritis, 1042 
Imodium. .See loperamide hydrochloride. 
Impaction of anal sacs. See Ana] sac impaction. 
Imuran. See Azathioprint. 

Incisions, relaxing 
descript ion of 158 

multiple punctate, 160, 16If 

simple, 160, 16 If 
VWo-Y plasty, 160, 161f 
Z plasty, 160, 161 f 
Incontinence 
fecal 


521 


laboratory findings, 520-521 
m ed i ca I man agem en i o f, 521, 5211 

methima/.ole for, 52), 5211 
neurologic signs, 519.5191 
pathophysio logy o f, 5 3 9 
surgical treatment of 

description of* 521-522 
preoperative management, 522,522t 
synonyms for, 519 
triiodothyronine lest for, 520, 52 It 
H ypertrophic osteodystrophy* 317'-J172 
Hypertrophic osteopathy, 1168-1169 
Hypocalcemia, 524, 524 1 
Hypoglossal nerve, 1200 
Hypoglycemia, 511,5111 
Hypuphysectomy 

complications of 501 
definition of, 487 
description of 498 
drug therapy after, 5011 
postoperative care and assessment, 501 
technique, 500, 500f 
transsphenoidal, 499f 
Hypospadias 
definition of, 662 
diagnosis of, 663 
differential diagnosis, 663 
medical management of, 663 
pathophysiology of, 662 
prognosis, 664 

surgical treatment of 663-664, 664f-665f 
Hypotension, 550, 643 


definition of 444 
diagnosis of 445 
differential diagnosis, 445 
medical management of 445.445t 
pathophysiology of, 4441, 444-445 
reservoir, 444,444t 
sig ns of 4 \ 6t 
sphincter, 444,444t 
surgical treatment of 446-447 
urinary 

■I 

breed s affected, 600 

definition of 600 

diagnosis of 600-601 

d i fferenti al diagn oris, 601 

medical management of. 601, 60It. 633 1 

ovariohysterectomy, 630 

pathophysiology of 600 

surgical treatment of 

bladder flap reconstruction of hypoplastic ure¬ 
thra, 602, 602 f-603 f 
colpoxuspension, 601.6133 f 
cystourethropexy, 6(3 L 
description of 601-602 
si mg procedu re, 601 ■ 603 
trails pelvic sling, 601-603 
I nderal. See Prop r a nolol. 

Infections 

enteral hyperalimentation, 9(3 
surgical 

antibiotics for. Sec Antibiotics, 
classification of 65 
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con t’d 

surgical—conl'd 

nosocomial, 56 


cont'd 


lntracapsu]ar thyroidectomy, 522,523f 

lrt tra 


I 




bandages and bandaging Techniques—amt d 


crania] hemorrhage, 1336 


fur extremities J3] -133, |52f I53f 


intramedullary' pins 


operative preparations for preventing, 66 


fo r head ,151 
for t bora x, 150 

timet ion of, I 45 
layers of, 145-148 
non adherent, 149 
occlusive, 149 


a n t egrade placcm e n t of, 1008t 


prevention of, 6 d-oo 


applications 
description of, 876 

femora] diaphyseal fractures, 985-987,986f-987f 




wound. 137, 144 

Inflammatory bowel disease 

^rled, 4 11 


fractures, 968f 


■e 


a 


definition of, 410 


c uicl 10 ] diaphyseal fractures, 939-940 

tibia I diaphyseal fractures, 1007, 1007 f-1008 f, 
1015, !OI5f 


medical management of, 4111,411-412 


Inflow occlusion, 677-679, 679f 






Infraspinatus muscle contracture 

characteristics of. IIo4, H65f 
p rogii osi s, 1167 
surgical treatment of. 1167 
l n fra sp i n at us ten atom y 

Inguinal hernia 

anatomic co 


Components of, 875-876 

frat e u re d is t rac t ion usi n g, 892 f-89 3f. 89 3 


I 


tie-over, 149 

wet-dry, ]48 

wet-wet, 149 

dog earspreven t io tv. 3 58, 159f 
drains. 142 
flans 




normograde placement of, 986.986f 


l 


-c 


care, 876 


; placement of, 986 
Intraparenchymal hemorrhage, 1336 
Intrape]vie urethral anastomosis, 578-579 




LlLTLLllOnS. 1 


relro 


— 1 ■% 


of, 26 ] 
mosis of, 262 263 


r Axi a J pa t te rn 


pattern. 


I 


Ml 


§■ 


■ .A, 


iin 


location of, 262f 




breeds affected, 391 


r, 182 


L 


■ -J 




pathophysiology of. 262 

ai examination findings, 262 
prognosis, 267 


mu sc I e, 176-180 


configuration of, 39411" 


f 






omenta], 180 181, 18 If 




of, 2 63-264,2 64t - 26 5 t 


s. 


Instruments j, ,5Ve aktj speri fit- surgery, inrtruuiaM 
autoclaving of. 4U 


plastic and reconstructive uses of, 153-154 

principles of. 1411. 141-142 

incisions 


OS IS. 


I 


■ * 




bone holding forceps, 38, 3 9t 


reii 


* 


damps, 38. 38f 


prognosis, 392 393 






f 


surgical treatment of, 392 
synonyms for, .390 


a irro&k m i > f, 4 ] l 


V-to-Y plasty, 160, 161 f 




i 


7. plasty, 160. 151 f 

skin defects 




lodophors, 28l 


hone holding, 38, 39f 


circular, i 62, 163f 




hemostdt, 37, 3, f 


, 162, 165, 165f 
fusiform, 162. I65f 

r, 1 62, i 64 f 


loni/ing radiation, for sterilization. 9 


ere 


tissue. 36f-38f. 36-37 


Ischial fractures 

it ion of, 975 




rec la s i 
square, 162, t64f 


needle holders, 34-36, 351-36 f 






I 






neurosurgery-related, 38. 401 




orthopedic-re I a ted, 38,39f-40f 




■dic.d management of, 975-976 

v of. 976 




tg and expansion, 156-158 
skin tumor removal, 160, 162 

Sutures 

description of, 142 


st re tc 


sn 






pitting of. 4 It 
retractors, 37 38, 38f 




surgical Treatment of 

anatomic considerations, 977 
patient positioning, 978 
suture materials, 981 


rinsing of, 40 
rongeurs. 38, 39f 

rusLing of, 411 


tension lines 

desc s ip tion of, 154, 154f 
reJ i e f of, 154-15 6, 156f 


scalpels, 34, 35f 


i.iI osteotomy, 579, 579f 




scissors, 34, 351 


t J 


wound closure, 142 143 




handling oE. 5 


wo Lind ed ges, 135 f 


J 




! n ter arcuate i iga men t, 130 3 


shelf life of. :3, 5t 


Intercostal muscles, 762 


fejunum 

■ 

anatomy of, 372 




unwrapping and opening of, 5, (if 

suetion t i ps, 38, 38f 
Instrument Table 


\ n te rcosta 1 n e r ve block, 99,99 f 






Intercostal thoracotomy, 764, 765f-766f 
Interdental wires, 903, 964f 

odemu, 195 

ary wile, 903, 903t, 9041-91) 5 f, 912f 






Joint. SYe r ii l 1 speiifk joint 

carti 




description of, I 3 


draping of, 42 


of, 


■ ■ 


! It 




organizing of, 42 


types of. 1027t 




of sutu re, 5 3, 54 i 


applications of 


! 


Insulin, 91 

Insulin glucose ratio. 51Ut 

Insulinomas 


femoral diaphyseal fractures, 987, 987f‘ 




ion l 


i * j 


humerus diaphyseal fractures, 92 1 . 9221 

fractures, 1007-1008 


typ es of, 1 G27t 


i 


IV 


■ 


breeds affc acd, 510 


description of, 876f-877f, 876-877 


neoplasia of, I I 85 S186 




Internal obturator herniorrhaphy, 436., 436f 
Jute r j >h alan ge a 1 join I a r t h n nd es i s, 970, 9 71 f 
Interpleural nerve block, 99 


■ 


diagnosis of, 510 


s 


differential diagnosis, 510 


anatomy of, 1026-1027, 10271. 10271 


definition of, 1(123 


o 


(■I 


oral hypoglycemic agents, 5E It 
pathophysiology of, 509 
prognosis, 512 

surgical treatment of, 51 If, 511-5 J 2* 5i2t 
synonyms for, 509 


Interstitial edema. 1322 


types of, 10271 


lutertrochanteri.c fractures,9 L b-996 


1 


Intervertebral disk disease, 364. See also Cervical disk 


; I I 16. IH8 IU9 




medial patellar, 1138 


■ ! 


Intestinal resection and anastomosis 
la rge intestine 


recon st met ion of, 1 106, 1106f 


> 


1 n 


bandages and bandaging techniques 


.401,402-404 


|“l 


■■ ■ 


l 


kl 


absorbent, 148 


enption of, 401 


A 


i 48 I 49 


c() ns ide m 1 ion 5 fn r, 023-1024 


Tec hr 


f 


+ 


I I 


small intestine 


cn 


closed wound, 149- I 50 


definition, of, 369 

end-to-end anastomoses, 375-378, 37trf-380f 


d i agn os is o f, 102 4 


contact layers of, 14> 148 

dry-dry, 149 

a a 

for abdomen. 150 


, 1024 


medical management of 


4 


378-380, ?79f 


i ■ 


sutured anastomoses, 375-378, 3761- 378f 
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Lasix. See Fu rose m id e. 


loi i] i d i sorder s—ton e' d 
medical management of-—Co 


Laparoscopy 
equipment for, 127-128 
errors in, 127t 


.iint d 


2 3t V 237,2371' 


Lateral bulla osteotomy, 

Lateral caudal .isi.il pattern flap, 173 

injury, 1128 


■ 


nonsteroidal anti 


¥ 


s, 


- 1- 


1 


I025f 


127 




rk r m 


- 


1 


Lateral ear canal resection, 232f-233fi 232 233 


1 


using, 129, 130f 


ins 


jpj 


.1 


p 


■L 1 


I 


■ 


u 


•w 


non i r 
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reconstruction for, 1106, l I06f 


c 


Low -dose dexaniethasone suppression, 494 
I ower motor neuron, 1201* I202f 
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cauda equina 

drome 


lateral* 1061, 10621 




medial, 1059-1061, 1060f 


, See 


1 


of 1058-1059 


diagnosis of, 633-634 


sv 


."Siology of 1057 


1 


n i n , 


fractures and luxations of 
descr i pt ion of, 1312 


prognosis, 1064 




ant, 633 


ings, 1058 
i real me n t of, 1059-1064 


c nti 


&urgi( 

trauma-induced, 1057 


n 


L6,1316 1318 
L7, 1314, 13 L4f 


tarsocrural joint 


surgical treatment of 
anatomic 


of 1143 


is. 63r>, 635t 


* 


L7-51, I3l4f, 1314-1315 
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fractures and luxations of. 


r; 


ue 


assessment, 636-637 


care 


surgical treatment 

dorsal spinous 

modified segme 
I3l6f 


L) me disease, 1038-1039. T039L 
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medical management of, 902 


5 lemma nn pins and methylmethacrylate hone 

cement, 1316-1318 
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Mandibular salivary gland excision, 305-306 
M an dib u lectomy 
definition of, 274 
partial, 278-280,279f 

rostral, 279, 280f 

Mannitol, 13381, I342t 
Marbofloxadn, 63 
M arsu p ia I izatio n 
description of, 302 
of prostatic cysts. 656-657,6571 

Masks, 27-28 
Mast cell tumors 
description of, 660 
m ed i ca I man age ment of, 661 

Mastectomy 

Li ila teral* 632 
definition of, 610,625 
indications, 634 
regional, 632 

simple, 632 

technique, 635-636, 636f 
unilateral, 632 
Mastocytoma, 545 
Mathieu needle holders, 35, 35f 
Maxillary fractures 
definition of, 901 
diagnosis of 901-902 

differentia] diagnosis, 902 
medical management of 902 
muzzle use* 902, 903f 
pathophysiology of 901 
prognosis, 
surgical treatment of 

anatomic considerations* 908, 9091-910f 
anesthesia, 908, 909f 
bone plates and screws, 903, 905f 
description of, 903 

external fixators, 906, 906f 
interdental wires, 903, 9041' 
interfragmentary wires, 903, 903t, 904f-9Q5f 
open reduction, 9]I 
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postoperative care and assessment, 9 I 2 913 
preoperative management, 908 
suture materials, 912 
Maxillary nerve, 908 
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■ 

definition of, 274 

partial, 277f-27Sf 277-278 
postoperative care and assessment* 284-285 
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Mechanical ventilation, 69 
Meclofenamic acid 

for degen erat tve ioi n t d tsease, L 02 6t 
forpanosteitis, El70t 
Medetomidine, 951. 98, 8601 
Medial collateral ligament injury, 1127, 1E281’ 
Medial patellar luxation 

abnormalities associated with, 1E33, I 133f 
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differential diagnosis, 413 
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M etata rsa I s—cqnt’d 
fracture of—coni'd 

medical management of, 966 
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postoperative care and assessment, 971 
prognosis, 971 

surgical treatment of 966-971 
suture materials, 970 


medical management of, 413, 413t 
pathophysiology of, 412-413 


prognosis, 415 
surgical treatment of, 414 
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Meningiomas, 126,3, 1340 

injury 

anatomic considerations, M32 
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967t, 970 

Methimazole, 521, 5211 

Methocarbamol, 12321, 1234t 

Methyl prednisolone sodium succinate, ]338 e, 
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diagnosis of, 1130-1131 
difft-rential diagnosis, 1131 
med ical man age-men t of 1131 
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Methylene blue, 5.12t, 527 
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pathophysiology of, I I 30 
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Meniscectomy, partial, 1131-1132 
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1317f 
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Methylprcdnisolone, 1232b I322t 
Metoclopramide, 344. 345t, 354t 
Metronidazole 

for colitis, 4] It 

for large intestine surgery, 400t 
for liver abscess, 470t 
for liver surgery 45 It 
for perianal fistuki, 439t 
For peritonitis, 269t 
for portosystemic shunt, 46It 
pharmacokinetics of, 418 
Metzenbaum scissors, 34,35f 
M icrovascular flap transfer, 182 


injury of. See Meniseal injury 
orthopedic examination of, 851 
Mental status examination, 1193 
Mephyton. See Vitamin K. 
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Mesh grafts, 184 185, 1851 
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fracture of 
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avulsion, 969 

diagnosis of, 966 

diaphyseal, 970 

differential diagnosis, 966 

fixation systems for, 967-969, 9681 

medical management of 966 
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postoperative care and assessment, 971 

prognosis, 971 

suture materials, 970 


Middle meningeal artery* 3330b 
M ilk of Magnesia. See Magnesium hydroxide. 
Minihemilamincctoniy 1269 
Minimum bactericidal concentration, 60 
Minimum inhibitory concentration, 60 
M i nocydine, 1364t 

Minor procedures surgery room., 13 
Misoprostol 

tor gast r ic u Iceration, 365t, 12 341 




for transitional cell carcinoma, 598t 
MitotanC, for adrenal tumors, 495.495t 
Mitral regurgitation 
diagnosis of T 683 
differential diagnosis, 683 
medical management of, 684 
pathophysiology of 683 
prognosis, 685 
purse-string suture, 684-685 
surgical treatment of* 684-686 
Modified Blalock-Taussig shunt, 700, 700 f 
Modified Kuhnt-5zymanowski procedure* tor ectro¬ 
pion* 214, 2l7f 
Monoparesis, 1192 
Monoplegia, 1192 
Monopolar coagulation, 58-59 
Morphine, 95* 96t-97t, 824, 825t 


transverse, 969 
luxation of, 967t, 970 
Metal spoon spli 
Metallic 
Me Earn u ci 3. See Psv Ilium. 

Me tsphyseal fractures 
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humeral 


s, 822, S22t, 824f 
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medical management of, 932 
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surgical treatment of, 932-938 
radial 
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diagnosis of* 948 
differential diagnosis, 948 
pathophysiology of 948 
post operative care and assessment, 951 
prognosis 

surgical treatment of* 948-951 
suture materials for* 951 




diagnosis of, 1134 
d i ffere nt ial diagno si s, 1134 
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pathophysiology of 1133-1134 

.surgical treatment of 

anatomic considerations, 1135-1136 
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complex, 302 
considerations for, 302 
definition of, 274 


arth rotomy, t E 36 

indications, 1135 

joint capsule release, 3138 
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postoperative care and assessment, i 1 39 

preop era tivc considerations, 1135 
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suture materials, I E39 
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ilLiiaf 1014-1017 


diagnosis of, 303 
differential diagnosis, 304 
medical management of, 304 
pathophysiology of, 3Q2f, 302-303 
pharyngeal, 302,3G3f 

examination findings, 303 


ulnar 


definition of, 948 
diagnosis of, 948 
differential diagnosis, 948 
pathophysiology of 948 
postoperative care and assessment, 951 
prognosis, 951 

surgical treatment of, 948-951 


prognosis, 307 

,302 
sublingual, 302 
surgical management of 

anatomic considerations* 304 305 
anesthesia, 304 
complications* 307 

postoperative care anil assessment* 307 
preoperative considerations, 304 
salivary glands excision* 305-307 
zygomatic, 302 
Mnco proteins, 1026 


te 


tibia] tuberosity transposition, I [38f 1139 
t roc hi ea r groove dee pe rung, 1136 1138, 11371' 
Median sternotomy 764, 767f 
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fracture of 

assessment score-based treatment, 969 


avulsion* 969 


affected, 413 
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diagnosis of, 966 
diaphyseal, 970 
differential diagnosis, 966 
fixation systems for, 967-969, 96Sf 
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Neurologic examination 
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gracilis, \ 164 


k 


, 1195-1196, 11971 


prognosis. 


k 


i 


joint. 1185-1186 


1 iver, 4 7 \ -4 7 3 


it 
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pa thoph ysiolog y o f. 756 


spinal cord, 1263-1266 


splenic, 544 U7 


il ■ 


. See 

Nbneros i vc idiopathic immune - m ed ia ted polyarthritis, 

1039-1040 


■ 


th or a cic tv all, 784 786 




750-757 


SlL 




■I 


spine. 1298-1 


U K 


,-v, 197 


ureteral, 568 570 


Nonsporting breeds, 199t 


- 


uterine, 638-639 
Neorai See Cyclosporine, 


Edal anti-inflammatory drugs 

syndrome, 1309, I3l0t 

for cervical spine fractures and luxations, I258t 

disease, 1035 


1C 




■ I 


L tI L 


11 




Nasal tumors 

classification of, 74 81 


for cauda equina 








f( ir degenerative joint 


i sr 






r 


L 


fi 


1 i 


defirnl ... 7 18 




diagnosis of. 749-750 
ditferen 1 ial diagnosis, 750 


indications. 552 


. 


uit disorders, 1024-1025, 1025F 


partial, 552 n53. 553f 


for pain man 


agement, I 00-101, 826, 1097 


medical ma 


P 


■ 


.‘ration caused by, 363 

side effects of, 1035, 1231,1234t 


1 


*1L 


■ I 


■ J 


"9 


metastasis of, 749 
pathophysiology of, 748-749 




B 


k 


■ 


n i,i sis 


Nosocomial infections, 66 


prognosis 


radiographic findings of, 749-750 


Notchoplasty, 1118 


surgical Ireatment of 

anatomic considerations* 7511, 751 -752 


Numorphan. See Qxymorphone 


t 


12 


I 




surgical treatmenl uf. 566-567 


, 752 




o 


1 


description of, 7.-iff 


Ncphre > pye1 ostomy, 549 


instruments, 7M 


Nephrostomy, 649 


Obliq ue frac lures 


patient positioning, 7^2 


Nephrotomy 


characteristics of, 827, 828 ( 


care and assessment, 754-755 


bilateral, 567 


reduction of, 890, 891 f 


< 


preoperative considerations, 750 751 
rhinotomy, 752-754 

suture materials, 754 
Nasoeso p h age a J in tu ba tion 
Naxcef See Ceftiofur. 


definition or, 549 


Oblique osteotomy, 960, 96Of, 962 




► 


■t 


n> 


r 


techni 


Lj u e, 5 5 3 554,5541' 


,T 


i 


74 75, 75 f. 75t 


1346, 13481, 13521 


Oculomotor nerve, 1198-1199 
Olfactory nerve, 1198 
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Olsalazitte, for colitis, 41 It 
Olsen Hegar needle holders. 35, 35f 
Omenta] flaps, 180-131, 181 f 
Gtoieniaiization 


Oral su rgery—cont 1 d 
lechniques for, 275-284 

temporary carotid artery ligation, 277 
tonsillectomy, 274,280, 282, 282f 
Oral tumors 
ameloblastomas, 299 

considerations for, 297-298 

definition of 297 
epulides, 299 

fibrosarcomas, 298t, 298-299, 301 
malignant melanoma, 298, 298t, 301-302 

nsieosarcu mas, 299 
papillomas, 299 

squamous celt carcinoma, 298, 298t, 301 
si aging of, 297-298 
su rgi l a] t realm? nt of, 300- 301 
types of. 297-298 
Qrbax, See Orbifloxacio. 

Orbenin. See CloxaciSlin, 

Orbiflaxacin, 63t 
Oronasal fistula 
acquired, 291-297 
congenital. See Cleft palate, 
prognosis, 296-297 
Orthoped ic examin a E i tm 
bone scintigraphy, 854-853 
computed tomography, 855 
description of, 844 
ford a m b, 846 - 84 8 
history, 844 

lameness, 845 1, 846 

magnetic resonance imaging, 
neurologic examination, 854 
physical examination, 844,846 

radiographic evaluations, 854 
rear 1 i mb, 848- 8 54 
sign aim ent, 844, E45i 
Orthopedic surgery 
anesthesia for, 824,825t 

antibiotic prophylaxis, 826-827 
description of, 844 
fracture management. See Fractures, 
instruments for, 840 

pain management, 824-826, 826t, 9241 

postoperative care and assessment, 840-841 

preoperative coaptation, 823 822, H22f-824f 
p re operative considerations, 821 
suture materials, 840 
Orthopedic wire 

description of, 877-879 

pu 1 ar fractures ireated usittg, 4 [ 4f-915f, 914-915 
Ortolani maneuver, 851-852, 8531 
Osmitrol See Mannitol. 

Os tec to my 

defi n it ion of, 3 084 


OsleoInd Uct30ll, 894 

Osteomyelitis 






c h a rac ter is tics<>f, 1186-1 18 7 


for pnist.uk cysts, 656, 656f 
of prostal ic abscess, 653, 6541' 
Omeprazole 

for esophagitis, 308t 

for gastric outlet obstruction, 362t 


surgical treatment of, I 189 

organisms [hat cause, 1187 






chronic 

characteristics of, 1 186-1187 


surgical treatment of, 1189 
definition of, 11 86 
d iag nosis of, 1187-1188 
d ifferen 1 saI di agn o si s, I 188 
medical manage men l of, 1188 

pathophysiology of, 1187 


ll I cera i it m, 36 ? l , 123 4 1 


for gas I ri noma, 513t 

Omnipaque. .Sec loheKut. 

Omocervical axial pattern flap, 171 
Oncocytomas, 745 
Ondansetron, for vomiting, 354t 
Onychectomy 

alternatives, 202 
anatomy of, 202f 

anesthesia and analgesia Eor, 202-203, 203f 
bandaging techniques for, 151, I53f 
complications of, 204 

definition of, 202 
dissection, 203-201 


prognosis, 1189-1 1911 


radiographic findings, 1188, I !88f 

surgical treatment of, 1388-1189 

Osteosarcoma. 299, 784, I E73, 11741-1175! 


Osteotomy 

apophyseal, 829 
corrective, 829-830, 831 r 


derotational, 85 if 
distraction osteogenesis, 871-872 
femoral, 1100, L10 [f, 1135 

hip ioim exposure rising, 974f 

ischial, 579,579f 


nerve blocks fo r, 203, 203 f 
postoperative eare, 204 
Open reduction 

elbow luxation, trauma induced, H18I 1082, H183f 
mandibular fractures, 910-931 
maxillary fractures, 911 
radial diaphyseal fractures, 9391 
temporomandibular joint, 4] 3 

Open-patch graft correction, 692,6931 
Operating room 

daily cleaning of, I 5, I 5t 

dements of, 12 -13 

surgical team attire for. 27f. 27 28 

Operating mom supervisor, 14 

Operative preparations 

bacteria removal from skin, 23,66 
dietary restrictions, 23 

, 25f-26f. 25-26 


lateral bulla, 236 237, 237f 


lengthening, 830 


oblique, 960, 960f, 962 


olecranon, 933, 936f 
opening wedge, 830, 83If 
pdvk T 1097, 1099f, 1099-11(HI 
postoperative care and assessment, 961 962 
pubic, 579. 579f 




, 959, 962 


release. 830-831 
Slocum, 1097 

tibial plateau leveling. 1115, \l I5f 

transverse, 830, 831 f. 960-961,9ol t 

triple pelvic, 830 

ulnar, 959,962, 1073, 1078 

ventral bulla, 237f 238f, 237-238 
Otic preparation, 24lr-242t 
Otitis externa 

bacteria associated with, 239-240 
clinical presentation of, 240 
definition of, 229, 239 










excretions, 23 
hair removal, 23-24 
limb surgery, 23-24, 24f 
positioning of animal, 24 
scrubbing of site, 24 
sterile preparations of skin, 24-25 
Opioid analgesics 
antagonists, 98 
bu(orphanol, 96i. 97-98 
cardiac surgery uses ot, 676 

codeine, 97 

fentanyl, 96t, 96 97 

hydro morpheme, 95, 961 

indications for, 95 
local anesthetics and, 100 

mechanism of action. 95 

morphine, 95, 96L-97t 
oxymorphone, 95-96, 9nt-97t 
types ofi 96t 
Optic tiervc, 1198 
Oral surgery 

age considerations, 284 
anatomic considerations, 275, 276J 
anesthesia for, 274-275, 275t 
antibiotic prophylaxis, 275, 275t 

biopsy techniques, 276-277 
eheiloplasty. Sec Chdlophsty. 
cleft palate. See. t kti palate, 
complications of, 284 

definitions. 274 
fl aps for, 2 75- 276 
gh>sseCTrimy, 274. 282.2831 
healing after, 284 

instruments for, 2:84 










differential diagnosis, 240 

medical management of, 24lt-242t, 241-242 

pathophysiology of, 239-240 

physical examination findings, 240 
predisposing factors, 239 
prognosis, 243 

radiographic findings, 24U, 24(tf 
surgical treatment of, 242-243 
synonyms for, 239 
Otitis interna 

clinical signs associated with, 2431 
definition of, 243 
pa! ho physio logy of, 243-244 
physical examination findings, 244 
prognosis 




postoperative care and assessment, 962 


technique. 959, 9591 






postoperative care arid assessment, 961 

technique, 957-958, 958f 

Osteoarthritis- See also Degenerative mint disease. 


slow-acting disease-modifying agents for, 1025-1026 


■ 


{ Jsteoblasts, 836 


Osteochondritis dissecans. See etlso Legg-Perthes dis¬ 
ease; Osteochondrosis, 
definition of, 1142 
of distal humerus, 1073-1075 
of proximal humerus, 1048, lG50f 
of stifle joint, 1142-1143 
Osteochondroma, 746f 
Osteochondrosis 
of distal humerus, 1073-1075 
pfproximal humerus 

a r! h ro s C( )p ic eva lu at ii ms, E 050-! 053 
definition of, 1048 
diagnosis of, 1048 ■ 1050 

differential diagnosis, 1050 
pathophysiology of, 1048, UJ49f 
ra d i og raph ic find i ngs of, 1 Q49f, 1049 -1050 
risk factors* 1048 
surgical treatment of, 1053-1057 
ununited anconeal process secondary to. 1076 
Osteoclasts, 836 


clinical presentation ofi 244 
definition of, 229, 243 

diagnosis of, 244 
differential diagnosis, 245 
medical management of. 245 
pathophysiology of, 243-244 
physical examination findings, 244 
prognosis, 
radiographic findings, 244 245, 245f 
surgical treatment of, 245-246 


•I 


' 


'I 




Ovaries* 614 
O var iohysterec lu my 
cesarean section and. 623-624,624t 
en bloc, 623,625 

indications, 616 

technique, 616-618, 6l7f-618f 
urinary in con t i ne n ce a fiter, 63 0 

vaginal prolapse treated using, 646 

Oxacillin, S27t 


mandihulcctumy, 274. 2/8-280, 2/91" 
maxtllectomy, 274, 277f-278f', 277-278 
p ha ryngotomy, 282, 28Jf 


postoperative care i 


a sses su lent. 284-285 


preoperative consideration, 274 
principles of, 276t 
salivan- gland excision, 284 
suture materials, 284 
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Oxazepam, 741: 

Gxymorphone, 95 9ft. 96t 97t, 456t, 5861, 6821. B24, 

82 5 L, 8601, 1236U 1336t 


Paraphim osis—corn'd 


Pedicle flaps cont’d 
indications, 165 
interpolation. I d5, 166 

island, 165 

local, 165 

pouch, 166 , 168, l 6 Bf 


pathophysiology oft 668 


surgical treatment ot, 669-67 I 
Fa rate non, 1161 


(J xy toe i n ,6241 


Parathyroid glands 
anatomy oft 616 


P 


healing of, 518-519 

■r » 


Packed cell volume, 70 


Parathyroid hormone, 527 

I f a rath y n n dec tomy, 5 26 
Paresis, 1192 


subdermal plexus, 165 
survival of, 166 
transposition, 166, 1671' 


Packs. See Surgical packs. 


estimating of, 931 

management of. Sec Pain management, 
responses to. 941 
a in management 
a,-agonists, 94, 98 
analgesics,. 94-95,96L 
anesthetics 
characteristics of 94 
dissociative, 98 
e pi dural a n a Igesia ,99-1 (KJ 
lota] anesthesia 


Parotid giand excision, 306-307 
Partial pericardectomy, 131 
Pa tdia 

anatomy of, 1136 
fractures of, 1004 -1005 
luxation of. See Patellar luxation, 
orthopedic examination of 849, 8501 
Patellar luxation 
lateral, 11 40-1 1 4 1 


tubed, 168 169 r ]69f 


venous congestion in, 166 
w i d th i nvreases, 165 -166 
Pedkulectomy, 1269, 1274, 1276, 12761', I284i 
PEEP. See Positive end expiratory pressure. 
Pelvic fractures 

acetabular, 971-973, 974fi975f 
. See Ilial fractures, 
ischium. See Ischial fractures, 

Pelvis 

fractures of. Sec Pelvic fractures, 
orthopedic examination of 834 
D Penicillamine, for urolithiasis, 594t 
Penis 


abnormalities associated with, ! 133, 1133f 
definition of 1133 


48 


agents us 
description of, 98 
opioids and, 100 
regional delivery of 98-100 
non stem id at Anti-inflammatory drugs for, 100 ]01, 


diagnosis of 1134 

cl i ffe rent i al d iag no si s, 113 4 


grades of l 1341 


amputation of, 663-664, 665h 670-671 
anatomy of, 615 
canine, 615 
feline, 615 

hypospadias. See Hypospadias, 
lacerations of 672 


medical management of 1134-1135 


826.1097 


pathophysiology of 1133-1 134 


opioids. See Opioid analgesics, 
orthopedic surgery, 82 4-826, 826i 
overview of 93-94 
postoperative evaluation, IIJI 
sedatives, 94, 951 

tranquilizers, 94,95t 


surgical treatment of 
anatomic considerations, I 135-1136 


arthrolomy, 1136 
indications, 1135 
joint capsule release, 1138 
lateral reinforcement, I 139, 11391 


neoplasms of 671 -673 


pa r a ph imosis of 668 -671 


phimosis of 666 - 668 , 667f 
prepuce reconstruction. 663.664f 
Pentosan polysulfate, 1026 


care and assessment 


1139 


postoperative 
preoperative considerations, 1135 
prognosis, 1139 
suture materials, 1139 


defects of 


acquired, 291-297 


Pepcid. See Famotidine. 


congenital. See Cleft palate. 


Pe ri ac lin. Sec (ly pro hep tad i n e. 
Perianal fistula 


elongated soft,. 730-732 
Pan carpal arthrodesis, 1089-1091, 10921 

Pancreas 


techniques, 1135 

tibia] tuberosity transposition, U38f 1139 
trochlear groove deepening, 1136-1138, ll37f 
Patent ductus arteriosus 
definition of 685-686 
diagnosis of, 687 
differential diagnosis, 687-688 
medical management of 688 . 6 B 8 t 
pathophysiology, of 686 
prognosis 

surgical treatment of, 68&f-689ft 688-690 
Paw. Sec ako Porch mb; fimb surgery, 
examination of, 846 
salvage of, 208 f 209 
Pectus earinatum, 780 
Pectus excavatum 
definition of 780 
diagnosis of, 78Of, 780-781 
differential diagnosis, 781 
m ed ica 1 ma n age me n t of 782 
pathophysiology of 780, 780f 
prognosis, 

radiographic findings, 781, 78If-782f 
splint correction for, 783f 
surgical treatment nf 782-784, 783f 
synonyms for, 780 
Pedicle flaps 
advancement, 166 
axial pattern 

ca udal au r icu I a r, 170-171 
caudal superficial epigastric, 172 
cranial superficial epigastric, 1 72 
deep circumflex iliac, 172-173 
definition of 169 
description of 165 
genicular, 173 


breeds affected, 438 

definition of 437 

diagnosis of 438 

differential diagnosis, 438 

medical management of 438-439, 4391 

pathophysiology of 437-438 

physical examination findings, 438, 438f 
prognosis, 441 




anatomy id', 502-504 
fu n ct ions o f, 504 

healing nf. 506 

Pancreas surgery 

age considerations, 506 
anatomic considerations, 502-504 
anesthesia for, 502, 502t 
antibiotic prophylaxis, 502, 503t 
biopsy, 129, 504 
complications of, 506, 5G6t 
healing alter, 506 
pancreatectomy, 504,505 f 
postoperative care and assessment, 506 
p reoperai ive con si derati ons, 501 
Pancreatectomy 
definition of, 501 

partial, 5(J4. 505f 
Fa ncrea tic abscess 
considerations tor, 507. 507f 

definition of, 506 
diagnosis of, 507-508, 508f 
differential diagnosis, 508 
medical management of 508 
pathophysiology of, 507, 507f 
s u rgica I t rea tm er i L of 508 - 509 
Pancreatic neoplasia, exocrine, 514-516 
Panc reatic psc udi icys t$ 
definition of, 506-507 
pathophysiology of, 507 
surgical treat me H of, 508-509 
Pancreatitis, 506 
Pancrelipase, 506t 
Pa n mycin. See J el ratycl i ne. 

Fannie ulus reflex, 1198 
Pan osteitis 1169 f ]] 69-1170 
Papillomas, oral, 299 

Pa r ac hi orome L hnx v I en 11 1, 2 Hi 
Para costa I celiotomy, 257 
Paracusia! hernia, 261 
Paralysis, 1192 
Paraphimosis 


fl 1 


surgical treatment of 
complications, 441 
cryotherapy, 439 

debridement with fulguration and ablation, 4 It) 
descr iption of, 439 

postoperative care and assessment, 441 
preoperative management, 439-440 

tail amputation, 440, 440f 
synonyms for, 437 
Perianal surgery 
com p lica tio ns of, 4 24, 42 4 1 
healing after, 423 

postu pc rat i ve care a n d assess me n L, 4 2 3 -424 
Perianal tumors 
considerations for, 424-425 
definition of, 424 
diagnosis of 425-426, 426f 
differential diagnosis, 426 
medical management of 426,426 1 
pathophysiology of 425 
prognosis, 428 






surgical treatment of 
anesthesia, 427 
complications, 42 8 L 
postoperative 
preoperative management, 426-427 
techniques, 427ft 427-428 
synonyms for, 424 
Pericardectomy, partial, 131 
Pericardial constriction 
definition oft 701 
pathophysiology of 701*702 
Pericardial effusion 
definition of 701 
diagnosis of 702 703 
differential diagnosis, 703 
idiopathic, 701, 704t 


and assessment, 428 


lateral caudal, 173 
omocervical, 171 


reverse saphenous conduit, i73 
superficial brachial, 171 


superficial ternporaJ artery, 171 


tech n i qu e fo r, 169-170 
thoracodorsal, 17L, 17 2 f 
definition of, 165 
distant, 165 

hinge, 166, 168, I 68 f 

hyperbaric oxygen therapy for, I fi 6 


668 




d i fferen l ial diagn os is, 668 
medical management of, 668 
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Pericardia] effusion 
laboratory finding 70.1 
medical management of, 703-704 
pathophy*iology of, 701 - 702 
radiographic findings* 702f, 702-703 
sub phrenic pericardiectotny for, 705 F, 705-706 
surgical Treatment of, 704-706 
Pericardiac tomy, 678 
definition of, 704 
prognosis, 706 
subph rente, 70 5 f 705-706 
suture materials, 706 
total, 706 
Pl' Heard iocentes is 
description of, 703 
sedation during, 703r 
technique, 703-704 
Pericardium, 678, 701, 704 
Perineal hernia 
bilateral, 433, 433f 
breeds affected, 433-434 
definition of, 433 
diagnosis of, 433-434 
differential diagnosis, 434 
pathophysiology of, 433,433f 
physical examination findings, 434 
prognosis, 437 

sign s of, 4161 
surgical Treatment of 
anatomic considerations, 435 
a pproach, 4 3 5-436 
description ot’ 434-435 
ductus deferopexy, 436-437 
herniorrhaphy, 434, 436. 436f 
patient positioning, 435 
postoperative care and assessment, 437 
preoperative management, 435 
Perineal surgery 
a na tom ic con sitfera! io ns, 418 
anesthesia for, 417,417t 
antibiotic prophylaxis, 417-4 I S 
indications, 43 5t 
patient preparations* 417 
Perineal urethrostomy 
canine, 582,58 3 i' 
feline, 584 

Perinea] urethrotomy, 58(1 581,58 If 
Perineurium, J546 
Perioperative hypothermia, 66 
Perioperative pain management. .See Pain management. 
Periosteal elevators, 38, 39f 
Peripheral nerves 
anatomy of, I346f, 1347 

brachial plexus. .See Brachial plexus, 
entrapment of, 1348f, 1349 
healing of, .1349-1 350 
regeneration of, 1349 
tra uma 

definition of, 1350 
diagnosis of, 1350-1351 
differential diagnosis, 1351 
m ed ica 3 ma n a ge men t of. 135 2 
pathophysiology of, 1350 
prognosis* 1353 
stretching or avulsion, 1349 
surgica11 reatm en t of, 13 5 2 - S 353 
Iran section, 1 347 1349, I348f 
treatment options for, 3 3521 
tumors 

descript ion of 1353 
diagnosis of, 1353-1354 
differential diagnosis, 1354 
mod ica I m a nagem en t of, 1 3 54 
pathophysiology of 1353, 1353f 
surgical treatment of, 1354-1359 
Peripheral nerves surgery 

anatomic considerations, I 347 
anesthesia, 1346 

antibiotic prophylaxis, 1 346-1347 

complications of, 1350 

definitions, 1346 

entrapment, 1348f. 1349 

epineural neurorrhaphy 1346-1347, 1348f, 1350 

healing after, 1349-1350 

open contaminated wound considerations, 1349 


on l d 


Peripheral nerves surgery 
postoperative care and assessment, 1350 
preopera ti ve con siderat ions, 1346-1347 
trattma-based approaches, 1347-1349, 134Bf 
Per iloueo pericardia I diaphragmatic hernia, 798-800 
Peritonitis 

abdominocentesis* 268t, 268-269 
antibiotic therapy for, 269, 269t 


co n fid 


Piroxieam 

for joint disorders, 1025 
for transitional ceil carcinoma, 5981 
Pituitary' tumors 

definition <?f, 497 

1 

diagnosis of, 498 

differential diagnosis, 498 

hypop h ysectom y I< >r. 5 ee Hy pophyscc tomy. 

medical management of, 498 

pathophysiology of. 497-498 

prognosis, 501 

surgical treatment of, 498-501 
synonyms for, 497 

I ! l ac i n g react ions, 1195 
Plantigrade stance, 963 
Plasma sterilization, 9, lOf 
Plasmaqrtic-lymphocytic synovitis, 1040 
Plaids!, See Hone plates and screws. 

Plate screws, 881 

Platysma mvocutaneous flap, 174 

Plegia, 1192 

Pleura 

definition of, 788 
healing of, 794, 794f 


bil e 


definition of, 483 
diagnosis of, 484 
d i fferen t sal diag i j os i s, 484 
medical management of, 485 
pathophysiology of, 483-484 
prognosis, 486 

surgical treatment of, 485-486 
diagnosis of, 268 

differential diagnosis, 269 

heparin for* 269, 2701 
hypokalemia associated with, 269, 269t 
laboratory tests and findings, 268-269 
medical management of. 269, 2701" 
pathophysiology of, 268 
postoperative, 382, 383t 

primary generalized, 267 

prognosis, 273 
secondary generalized, 267 
surgical treatment of 

abdom i nocen tesis, 270 - 2 71 
anesthesia, 270-271,27 11 
colloids, 271 

diagnostic peritoneal lavage, 272,272f 

exploratory, 270 

inotropic support, 271. 27It 

open abdominal drainage, 270, 272 
postoperative care and assessment, 272 
suture materials, 272 

Per m a nen t later a t tar sor r haphy, 212, 213 f 
Pe rso n nel, 13-14 
Phalangeal fractures 
diagnosis of, 966 
differential diagnosis, 966 
fix at ion system s for, 967 -969.968f 
medical management of, 966 
patho physiology of, 966 
postoperative care and assessment, 971 
prognosis* 971 

surgical treatment of, 966-971 
suture materials, 970 
Phuryngostomy tubes, 77-78, 7Sf-79f 
FhenotwtrbUal* 1342t 

Phenoxybenzamuie, 496t, 590t 

Phentolamine, 4961 
Phenylbutazone 

for can da equina syndrome, 1310t 

ff)r ai rvical disk disease* 1232t 

for degenerative joint disease, IQ26t, 1035 

for pan osteitis, 1170t 
for Wobbler syndrome, 1243t 
Phenylpropanolamine, 56 it, 6011 
Phvochromoeylomas 
definition of, 492-493 
perioperative drug management of, 496 
ultrasonography evaluations, 494 
Phimosis, 666, 6671' 

Phycomycosis, 366 

Physeal cartilage healing, 843f 

Physeal fractures, 828 

Physical examination, 18 x !8t 

Physiotherapy, 840 

Pilonidal sinus. Set' Dermoid sinus. 

Pi n na 

defects of, 249f 
neoplasia of, 251-252 


Pleural cavity 
anatomy of, 789 

continuous thoracic suction, 793f, 793-794 
definition of,. 788 
drainage of, 792, 793f 
Pleural effusion, 804-805 
Pleurodesis, 788 

Pleuroperitoneal shunt, 810-811, 8111 
PI euro venous shunting, 810-811* 81 it 
Plug graft, 184 
Pneumonectomy, 760 
Pne umoperiton eu m, 129 
Pneumothorax 
closed, 800 
definition of, 800 
diagnosis of, 801 -802 
differential diagnosis, 802 
medical management of* 802 
op en,800 

pathophysiology of, 800- 801 

prognosis, 803 

radiographic findings, 802 
spontaneous, 800-801 
surgical treatment of. 803 
synonyms for* 800 

tension, 800 

tracheal rupture secondary to, 801 
Traumatic, 800 
Polyarthritis 

chronic intlammaiory-induccd, 1040 
definition of, 1023 
feline chronic progressive, 1042 
nonerosive idiopathic immune-mediated, 

1039- 104 0 
rickettsial, 1038 

systemic lupus erythematosus-induced. 

1040- 1041 

Polydioxannne, 44, 46 
Polydtoxanone suture, 352 
Polyglactin 910, 44 
Polyglycol ic acid, 44 
Polygjyconate. 44 

Polypropylene mesh. 49 
Po] yps 

adenomatous, 388 

colorectal, 408 

Polys u I fated glycosami nogl yeans ,1097 
Pblyvinylidine spinal plates, tor stabilization in Wob¬ 
bler syndrome patients, 1247, I247t" 
Popliteal tendon, 1124, H25f 
Portal vein thrombosis* 467 
Portography 

jejunal, 465, 465f 

transvenous retrograde, 465-466, 166f 

Portosystemic shunt 

breeds affected* 459 
classification of. 457 
clinical features of, 457.458f 
definition of, 457 

d i agnosia of, 459-460 

differential diagnosis, 460 




Pins 


external fixation, 861 f, 863f 
intramedullary. See Intramedullary pins. 

5tei n m an n 
description of, 876 

lumbosacral spine fractures and luxations treated 
using* 1316-1318, 13I7f 

proximal femoral fractures stabilized using, 1001, 

1002 f 

thoracolumbar spine fractures and luxations 
treated using, 1290, 1292-1293 
iramaliah 1314f, 1314-133 5, 1317-1318 
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Portosystemic shunl 
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Protein -ca1 orie maln u t r 1 1i s m -co nt’d 

nasoesophageal intubation tor, 74 75 1 75L 75t 
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extra hepatic 

jmcTon] constrictor placement, 464 


mysivat es.innnation 
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status rating,, 


li r ' 


definition of, 457 


surgical risk determinations, 20 


prevention of, 70 

total parenteral nutrition diet for, 72, 73t 
treatment of, 72-74 


ligation of, 464, 4641 
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multiple, 462-463 
epatic 


584,583f5fif 
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Prepuce 
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Proto it-pump inhibitors 


515, 513t 
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ligation of, 466-467 
i a bo ratory find i n g s, 46G 
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Pseudocysts 


ing of 669f, 669-670 
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pancreatic 


reconstruction of, 663, 604f 


definition of, 506-507 


multiple, 459, 462 

n u c It3 r i m agi n g of, 45 4- 4 60 


pathophysiology of, 507 
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urethrostomy, 581-n82, 582f 


portal vein thrombosis associated 


with, 467 


Prescmta! urethrotomy, 580, 5801' 


perirenal, 569 

PSS. See Portosystemic shunt. 

;enac dermatoses. 
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See Lick 
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■ fl 


constrictor placement, 464 
anatomic considerations, 462, 4631 


Pressu re so res, 191-492, 192t 
Prevacu y m steri 11 ?e r, 8 


Psyllium, 406t 
Pubic fractures 
diagnosis of, 976 
medical ma nagem rn t o f. 97 5-976 


anesthesia for. 461-462, 4621 


Priapism, 66H 

PHI t)sec. 5ee O me praxol e. 


iptioEl of, 461 


jejunal portography 


, 4o5, 46 5t 


Primus i n. See Imipentm. 


liga ti o ns, 464, A 64 f, 466 - 467 


Probes, 1030 1030f 


Procainamide, for arrhythmias, 

for vomiting, 3^ 


stabilization of, 978, 981 f 


postoperative care and assessment, 467-468 

status e 

suture materials, 467 
transvenous retruera 


surgical treatment of 

anatomic considerations, 977 
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a n esthes i a, 117 


k 


su 
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\ 46^-466, 
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suture materials, 981 

ament hernia, 261, 26 If 


equipment for I I 7 
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Positive eod-expi 


ratory pressure, 69 
Posterior j tares examination. 


errors in, E17t 
indications, 117 


Pubic osteotomy, 579, 579f 


1641. 125-126 


Pulmonary abscess, 776 777 


slope native care 
hemorrhage, 69-70 
hyperalimentation 

ci) m pi i cat I o ns li f, 91 > ■ 9! 


, 117 
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,117 118 


Pulmonary edema, 761 


ue 


Prolapse 

rectal. Sep Rectal prolapse, 
third eyelid, 223, 224f 
u ret h ra 1,595 f- 5%f, 595 596 
uterine, 646-648 


definition of, 773 


enteral, 74, 751 


diagnosis of, 774f, 774-775 


enterostomy tube, 851 90fi 85-90, 90t 
esophagostomy tubes, 75 77 
feeding rate and volume, 90 


iagnosis, 775 
medical management of, 775 

metastatic, 774 
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al, 644 646 


vagi 

Pronator teres transection, 1071, 10721 


See Gastrostomy, tubes, 
nasoesophjgeal intubation, 74-75, 75L 7^r 
pharyngostomy tubes, 77 78, 78f-79f 
parenteral nutrition, 74 
ical ventilation, 69 
nutritional support, 7(1 
overview of, 69 7fl 
protein-calorie mal nut r it ion 


1 


of, 773-774 
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prognosis 
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,774-775 
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surgical treatment of, 775-776 


Keptivc po si tioning, I 1 94, I 194f 


Pulmonary thromboembolism, 761-762 


Pro ptosis, traumatic, 225, 225f 
Prostate gland 
abscess of 


Pulmonic stenosis, 690-692 


Pulsed electromagnetic field, I4J 


Punch graft, 184 


bacterial organisms as sod 
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causes of, 70 
diagnosis of, 70, 70t 
enteral diet for, 72, 74, 751 


■ 


1 


dewdaw removal m, 205, 2061 
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total parenteral nutrition diet for, 72, 73t 
treatment of, 72-74 
Postoperative recovery room 
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pathophysiology of, 650 


. 


tec 


1 T £j 


P 


I ^ r - 


« 


surgical treatment of, 652-65 I 
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biopsy of, 627-628, 63it 
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Postu re, II 93 
Potassium, 191 


Pyloric stenosis. 


considerations for, 361, 16It 
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Povidone iodine, 140 
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surgical treatment of 656-657 
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surgical treatment of, 362-363 
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cytologic evaluation of, 611-612 


£ 


ev al li a i ion o f 61 I 


aims. 


;n 


omy 
definition of 337 
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definition of, 337 


Pregnancy 


1 


subtotal, 629, 6291; 


uttidsonographic evaluation of, 64 3 1 

Pr ematu re ventr icular com r 
Preoperative assessments 
bicarbonate therapy volumes, 201 
blood transfusion volumes, 20t 

owner, 20 


total, 628f, 628-629 


Y U, 345-346, 346f 362 
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rties associated wtth,640t 
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Protein-calorie malnutrition 


definition of, 639 
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history-taking, 18 
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diagnosis of, 640 641 
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diagnosis of, 70, 70t 
enteral diet for. 72,74, 75t 
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oxygen therapy, 21, 3 I t 


medical managumenl of. 642,64 2t 


esciphagostomy tubes for, 75-77 
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prognosis, 644 


gl, 1195, 1I95t 
tail wag, 1197-1198 
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surgical treatment of. 952-955 
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surgical treatment ol 
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anesthesia. 643, 64 31 
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complications of, 644 
hypotension correction, 641 
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, 644,644t 
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preoperative management, 642-643 


simple, 160, 16 if 
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technique, 643-044 


V to i plasty, 160, 16 If 


Pyot hnrax, 789 


Radiation burns, I 89 190 


antibiotics tor, 8 I 4, 8 14r 
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Re oaf failure* 549 
Renal neoplasia, 808-570 

Renal 


diagnosis of* 813-814 
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fractures of. .See Radial fractures 


age considerations, 558 
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laboratory lin dings 

med ical m anageme rt L oi',814,-8141 
pathophysiology of, 842, 8 12f, 8 I 3t 
surgical treatment of, 814-845 


,813 814 


anatomic considerations, >51 


diagnosis of 956 
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d i fiVron t i a I d i a gn os i x. 956 


Pyridetstigmine bromide. 8171 


omplications of, >58 
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os tec to m y fo r, 9 59,959f 
pa rt ia I prem at u re closu re of distal pily si s, 9 56 
957* 9571 


healing after, 556, 558 
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ivc care and assessment, 538 
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Quadriceps muscle contracture 

of. 1164, 1165f 


suture 
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retained cartilage cores, 955 956 
surgical treatment of 956-961 

I en gtb eni ng ns ten t orn \ for, 96t 1-961, 


.live tract diseases and disorders 


surgical treatment of, 1165 


antibiotics lor, 614t 


diagnosis of, 6E0 613 
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el examination of 847 
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. See Mammary tumors. 
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pyo met r el, .Sec Pyometra, 
uterine neoplasia, 638-639 


diaphyseal 
definition of.938 

diagnosis of.939 
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outlet obstruction, 3621 
tor gastric ulceration, 365L 1234 l 
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se, 644 -646 
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n o si s, 9 39 
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medical management of 939 
pathophysiology ot. 938 939 
prognosis, 947 


definition of 274 


u i a le 


marsupialization of 3U6f 
Rear limb examination, 848-554 


anatomic considerations, 615 


j mb si a, 648-649 
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treatment ol 
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slli as. 
n 11 us is, 


conditions associated with, 44It 
definition of T 441 
diagnosis of, 442 


L as ts, 9 3 9 


dm os is. See V j ra \ 
tumors, 671-673 

phimosis, 666, 667f 

prostatic cysts, 65-3-657 
scrotal tumors, 660-662 


para 


closed reduction, 939 1 
c ran turned i a 3 approach, 943 


c x r lt n a I ti xator s. 940-94 3 


i ud i ca t i 1 ms, 93 9 


medical management of, 442, 143f 


intramedullary pins, 939-940 


open reduction, 939t 


prognosis, 


■e tract surgery 
age considerations, 631 
.1 n atom i c con s i d era t ions, 614-616 


postoperative care and assessment. 947 
suture materials, 946 


signs of 3 !6t 


surgical treatment of, 442-444 


distal, 950,9511 


synonyms tor, 441 


anesthesia for, 612t, 612-613 


Rec tal p ull - thra ugli, 41 > 
Rectal resection 


axis, 613 
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.956-957, 9571 


anal approach, 4 I 9, 420f 


premature do; 
partial resection of, 958 959, 949t 
epiphyseal 

definition of, 948 


a 


til 


testicular, 626-627 
castration. See Castration, 
complications of. 630t-631t, 630-631 


1 nd i c at 11 m s. 418 


pull- 


ih approach, 4t9 421, 42 If 


cript ton of 616 
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episioplasty, 6E0, 625,627f 


pa 
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postoperative care and assessment. 951 
prognosis, 951 

surgical treatment of 948-951 
suture materials for, 93 [ 


vp isioton 1 y, 610, 625,6 26 f 


surgery 


■: j ■ 1 


age considerations, 424 


anatomic consider at tons, 418 


neuter. See Neuter, 

ovariohysterectomy, 616-618,6] 7f 618f 

postoperative care and assessment, 639, 63th 


anesthesia for, 4 17, 4 I 7l 


is, 4 17 418 
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m etaphyseal 
definition of 948 
diagnosis of, 948 

rcntial diagnosis, 948 

pathophysiology of, 948 
postoperative care and assessment, 951 


bowel preparations 
complications of, 424. 4241 




healing after, 423 


complications of, 631 


patient preparations, 417 
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a sscs.s me nt, 42 3 -4 2 4 
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p reopc* ra L ive management, 41 n 417 


suture materials, 629t, 629-630 


surgical treatment of 948-951 
suture materials for, 951 


resect io n. See Rectal re sec t ioi 1 . 
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vasectomy, 622-623,62 3 f 
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Red blood cells. 19t 
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Retrograde cystoscopy, 152 
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postoperative care and assessment, 95-S 
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surgical treat me n t of, 1059-IQ64 
t rau m a -induced, 1057 
osteochondrosis of 
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portal sites, 1051-1055 
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indications, 752 
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elastomer, 446 f 447 
Silver sulfadiazine, 139, 188, 2421 
Simple continuous suture pattern, 50-53,51 f 
Simple interrupted suture pattern, 44-50, 50f 
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excision of 284, 365 307 
mucocele of. 5tv Mucocele, 
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Sodium, 191 

Sodium bicarbonate, for hypercalcemia. 4271, 5731 


spica. 


Split thickness skin grafts, 185-186 


*l 


e, e 


f 


■ 


Sporting breeds, 199L 


steam 

ind i ca t ors for, 1 i if 


dehn i t io n of. 7 M ) 


a metis cell carcinoma 


diagnosis of, 730 


hJH* 


anal, 425 


I, 


■ 


r 


□SIS, 


ij 




bone metastasis, 3175t 


medical management of. 730 


oral, 298, 2981,301 


pathophysiology of, 730 


5 ter nee to my, partial 
Ster nohyi >i d eux. 17 6 
Stetnothyroideus, 176 


J 


; i 


■ 


B 


3 *- 


im 


P 1 


Square skin defects, 162, I 64f 


sur gi cal treatment of, ;3|f r 731-732 




sodium sued- 


P l 




Sternotomy, median, 764, 767f 


atlantoaxial ij 

spine 


4 


■ f 


So!nloI. for arrhythmias, 359t 


i 


jioi n t 


arthroscopy of, IS 13 1115. ]] Nt 


fractures and luxations, 126If 1263b 1261-1262 

t, 913-912 


5 pica splints, 823 


cruciate ligament im 


■ 


■ fc 


Spinal Lord 

d i so rders 


co 


caudal, 1122-1323 


ilia! fractures 


cranial See Cranial cruciate ligament 


with bone plate, 978, 980f 
with lag screws, 978, 980f 

ischial fractures, 981 f 


characteristic;, of, 1201-1202 


ru ptu rec 

in quadriceps muscle contracture, 1165. 11651 


J 


■ 


1 


*T~J ■ 




i - 


, F 


lateral approach, 1116, I I 171 


lateral condylar humeral fractures, 936-937, 937L 


lateral ret macular 


, for cranial cruciate ligaments rup- 


intramedullary lesions, 1207, 12091 




multiple ligament injury of, 1128-1130, 11291 


tore. 11)9-1120 


orthopedic examination of, 849 


lumbosacral 1304 


ischemia oh 1368 1369 


osteochondritis dissecans of, 1142-L145 


andibular fractures, 911,9! If 


neoplasia of, 1263-1266 


m 


ar luxation. .See Me 


■ J ■ 


M IL 


Spina! rc 


rim 


.■H Sl I, I k 




■ 


of cervical spine fractures and luxations, 1261, 

J 261 f-1262 f 


anal sphincter reflex, IE 96-1197 

1196 


biceps re 






foreign bodies i 


j >f I u n i bt i s at r a 1 fractu res a n d I uxat Ecu is, 1316 


in 


description of, 1195,1195t 


i U 


surgery. Sec (lastrie surgery. 


1318,1.317f 

of Wobbler 


triceps reflex, l 196. Il97f 


Strain 


preopera live, 20-22 


’l 


jr 


■ 


femoral fractures, HXMJ-100I, 10011 UK)2f 


pelvic limb, 1193 -I 196, !19?f 
thoracic limb, 1196 


,1158-1160 


J 




c 


■ 






suture, I 124, 11241 


5 pi n e 

cerv 


Stress myelography 


Wob ble r sv ti d ro me 


ic al. See Cer vie al s pi n e. 


description of, 1207, 1209t 


distraction rods, 1247 


cumputed toniography <if, 1210 


on s 


Wobbler syndrome evaluations, 1240, 124If 


1248, 12 


diskngraphy of, 1207, l209f 


J 


■ 


Stress radiography, 1204, I2(bf 


epidurography of, 1207, 1210 






1396 INDEX 


Syste mk I u pus c ry (h e n 1 a ft:> s us 
diagnosis of, l(MG 

polyarthritis secondary to, 1040-1041 
Systemic venous pressure, 464, 4641, 682 




5 11 1 u re( s} 

absorbable, 44-48, 45t 

anchor, 224f 

bacteria associated with. 142 
b uryi ng of, 53, 5 81", 142 

capillarity of, 43 

catgut, 44, 45t 
coating of, 43 

commercial brands of. 45t 

compI tea lions of, 14 4 
corneal, 219f 
dehiscence of 144 

u dc 1 g va rs' 1 p revent ion, 158, 154 f 

ear surgery, 238 

tiesibi ttty a f, 43 

Tor abdominal closure, 47-48 

for adrenaI gland surgery, 490-491 

for bl a dder surgery, 586 

fur blood vessels, 48 

for bradycardia, 712 
fo r ca rd ia c su rgery, 6 80 

for chylot boras, 812 

for esophagus surgery, 318 

for extra hepatic biliary surgery 481 

for gastric surgery, 351 

for infected wounds, 48 
for liver surgery, 456 

tor lower respiratory system surgery. 768 

for muscle, 48 

tor parenchymal organs, 48 

for pericardiectnmy 706 

for portosystemic shunt. 467 

for renal surgery, 558 

for reproductive tract surgery. 629t, 629 63ft 

for small intestine surgery, 382 

for tendons. 48, 521 52-53, 1162f 

tor thyroid s u rge ry, 519 

for thyroidectomy, 523 

for upper respiratory surgery, 724 

for ureter surgery, 558 

ideal characteristics of, 43 

knot tensile strength of, 43-44 

knot tying of, 53 

Lembm, 21 If 

metallic, 46 
nonabsorbable, 46, 48 
patterns for. See Suture patterns, 
polydnojcanone, 352 
removal of, 55, 144 
silk, 46 


Strictures. 

esophageal, 321-323 

esophagoscopk dilatation of, 1 |(i 321 323 
intestinal, 407 
rectal 424 
Strip graft, 384 

Subarachnoid hematoma, 1339 
Subarachnoid hemorrhage, 1.336 
Subdermal plexus, 134 

Subdural hematoma, 1339 
Subdural hemorrhage, 1 336 
5 li bli n gu a I saliv a ry gl a n d exc i s i on, 3t) 3 - 306 
Sub luxation 

angle of, 852, 854, 1093 
carpal s, 1089-1093 

coxole moral joint. 1693, I0%f 
definition of, 1143 
Subocdpital craniectomy, 1322 
Suboccipital craniotomy, 1327 1328. 1333 1334, 

1335f 

Subphrenic pericardkctumy, 705f, 705-706 
Su bpu b ic n net h ms to my 582, 5 84. 584 f 
Substemal camera port, 130-131 
Subvalvular aortk stenosis. Sec Aortic stenosis. 
Sucralfate 

tor esophagitis, 308t 

for gastric ulceration, 3651, 1234t 
for gastrinoma, 513t 
Suction tips, 38,38f 

Suction units, 13 
Sulfasalazine, for colitis, 41 II 


T 


la gam c 1. See ( i met idin e. 


Tail 


ampu ta l io it of, 440,440f 

cauda equina syndrome effects on functioning of. 

1307 

docking of, 199 1 
folds, 198 

Tai l wag reilex, 1197-1198 
Talar fractures, 965 
Tarsal, fractures 
definition off 963 
diagnosis off 963 
differential diagnosis, 963 
medical management off 963-964 

pathophysiology off 963 
surgical treatment of, 964-965 
Tarsocrural joint 

arthrodesis off 1148-1149 
I uxa lion 

d la g nosis off 1143 
surgical techniques for, 1147, 1147f 
Tarsorrhaphy 

per ma nen l lateral, 212, 2 l3 f 

temporary, 214, 216f, 222 

Tarsus 

dor.snl atera l app roach to, 1155 
dorsomedja] approach In. 1152-1 153, I L53f 
fractures of. See Tarsal fractures, 
ligament injury of 
descriptio n off 1143 
diagnosis off 1143-1144 
differential diagnosis. 1144 
medicaI management, l 144 
pathophysiology off 1143 

shearing, 1147, 1147f-ll48f 

surgrea I treat men t 

anatomic considerations, 1146, 114fif 
anesthesia, 1145 
description off 1144-1145 

patient positioning. ] 146-1147 
postoperative care and assessment. 1149-1150 
preop era t i ve con si derati 0 ns. 1145 
prognosis. 1150 
suture materials, 1149 
osteochondritis dissecans of 
definition off 1150 
diagnosis off 1151 
differential diagnosis, 1151 
medical management off 1 151 -1352 
pathophysiology, ] 150-J151 
surgical treatment of, 1152-1155 
plan taro lateral approach to, 1155 
pi a n ta ro med I a I app roach to. I 153! 134 

proximal intertarsa] injury 

description off 1145 
luxation, l 148, I 149f 
subluXilion, 1148 
surgical treatment of 
dorsolateral approach, 1155 
dorsomedial approach, I 152-1153, L153f 
piantaro la teral approach, 1155 
plan taro medial approach, 1153-1154 

tarsometatarsal luxation 

description off 1145 
surgical treatment off 1148 
lego pen. See Cloradlltin. 

Temporalis muscle flap, 179-180, 1801 
Temporary carotid artery ligation, 277 
Te mpo ra ry tarsorrha phy, 2 N, 216ff 2 22 
Temporomandibular joint 
dysplasia off 1U45-I04S 
luxation off 1043-1045 

open reduction off 911 

Tendons 

healing of, ] 161-1162 
sutures for, 48, 52 f, 52-53. 1162f 
1 cnee to my, deep digital flexor, 204, 205 f 


Superficial brachial axial pattern flap, 171 
Superficial temporal artery axial pattern tlap, 17] 
Su prax. See Cefi x ime. 

Surgeon.14 


1 


Surgical facilities 


anesthesia and surgical preparation room, 11-32 

an esthesia supply room, 12 

cleaning off 15-17 

design off 11 

dressing room, 11 

equipment room, I 2 

floor plan fur, i I 

gow n in g and glovin g a rea, 12 

housekeeping supply room, 12 

1 ighting off 13 

minor p raced 11 res su rgery ro 0 m, S 3 
nurses' vvork station, 12 




operating room 

daily cleaning off 15. 15t 
dements off 12-13 
postoperative recoverv room 
cleaning of, 16 
description off 13 
scrub sinks. 12, 16, 16t 
sterile instrument room, 12 
structure of, 11 
ventilation systems, 13 
Surgical gowns, 3. 4f 
Surgical mesh, 49 
Surgical packs 
orthopedic, 421 
preparation off 1 - 3.21 
soft tissue, 421 
sterilized 

handling off 5 
shelf life off 5, 5t 

unwrapping and opening off 6, 6f 
wrapping of 

materials for, 1, 2t 

storage, % 5t 

technique, 3, 3f 
Surgical personnel 
attire for, 27ff 27-28 
gowning of. 36-31 
scrubbing, 28-30, 291 
types of, 13- E4 

Surgical preparation room. Sec Anesthesia and surgical 


size off 43, 431 441 


stabilization off 1124, 1124f 
surface off 43 

tissue-based selection off 47-48 
Suture patterns 

Bunnell, 52f, 52 - 5 3 
Connell, 5 Iff 52 

continuous. 50-52, 5if 

Cu sh i ng, 51 ff 52 
description off 49 

external tension relieving, 158 

far-near-near-far, 52ff 53 
Ford interlocking, 51, 5 M" 

Cam bee, 50. 501 
horizontal mattress, 49-50,50f 
interrupted, 49-50, 50f 
ffemhert. 51 f. 52 

subcutaneous, 49,49 f 
subcuticular, 49, 491" 
subdermal, 158 
three-loop pulley 52, 52f 

verti c aJ ma ttress, 50, 51 If 
walking, 158, 158t T 

Synovial lluid collection. 1031, 1032f 
Synovial joints 

a na to my of, 102 6-1027, 102 7 ff 102 71 
cysts off 1 186 
definition of, 1023 
sa rcon 1 as off 118? 

types off 10371 
Synovial membrane, 1026 


preparation room. 


Surgical risks, 20 
Surgical scrub. .See Scrubbing. 
Surgical technician, 14 
Surgical wounds. See Wound, 
Surgieeff 59 


Synovitis 


pat hop hys mingy 0 ff 109 4 


ptasmacyiic-lymphncylic, S 040 
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sis, 529 


surgical treat merit ot, .->28-529 


fractures and lunatic ins of 


Tenormin. See Atenolol, 
‘tenotomy, infraspin 

test 


Thyroid glands. 5] 7, _t i.8t 


I hyroid surgery 


d ia gnosi-. of. 1288-1289, 1 289f, I 2891 


! 


anatomic eonsideruiium, 517-518 


di I fere n tial diagnosis, 1291) 


Tension 
Tension lines 

description of, 154, 154f 
rel ief of, 154 -156, 156 1 


anesthesia for, 517 


:i I management! 1290, I291f-I292t 


antibiotic prophylaxis 


517 


pathologic, 1 2K8 


I 


preoperative management, 516-517 


suture materials, 519 


surgical 
com plications, 1297 


craniomandihular osteopathy in, I !7U 11/1 


lyroiaectomy 
definition of, 516 




l 


tumors 
breeds affected, f>60 
diagnosis of, 660-661 


description of, 518 


dorsolateral vertebral body plating, 12941, 


extracapsular, 523, 5241 


care and assessment, 525 524 


medical management of, 661 


suture materials, 523 

Thyrotoxic ns is, 519 


modified segmental spinal fixation 


. 1295-12% 


pathophysiology of 669 


k 


12971 

postoperative care, 
prognosis, 

Sldnmann pins and bone cement, 12%, 1292 


.1 m iu n i. 329/ 


surgical treatment of, 061-662 
types of, 6601 


cancellous bone harvesting from, 894f 895 

, 1016,10)9 


I es tost crone cypionare, oOi i 
Te tracydi n e 

description of 61 


• I 


traumatic, 1288 
neoplasia off 1298-1299 
I horacolumbar spine sur^i 
age enns i 
anatomic 




orth o ped i c exam i nation 


of, 849 


I I 


arthritis, 10371 


ms, I 269 


Tetralogy of Fallot, 699-7LH 


' * 


I el ra pa re sis, 1213 


craniumcdial approach, L011, 101 If, 1019 


Tetraplegia, 


1192, 1213 


anti 


icatimb, of 1278 


.s, 575 


com pi 


definitions, 1269 


Third eyelid 


diagnosis of 1006 
differential diagnosis. KK)6 

management of 1006 


description of, 1270 
dorsa l lam i necto]ny 
deep, 1273-1274 


flaps, 222-223,2231 


prolapse of 223, 2241' 

Th nracentcsis 




antibiotic prophylaxis 


789 


I ' 


Fimkquist A, 1273, 1273f 


complications of /94-795 

definition of 22 


s 


anatomic c 


s, 1011 


, 1270 -1273, 


ncedie, 790, 790f-791 f 

■ It ■ l 


postoperative care and assessment 


r 794 


bone plates and screws, 1009 
casts, 

external fixators, 1008-1009, 10Q9f-101 If 


te c h n i qile for, 790, / 90f-7 91 f 


810 


postoperative care and assessment, I !77i i278t, 

s277-1278 


784-7B6 


1 :! 


Thoracic wall irauma 


preoperative 


1 i ns, 


ary pins, 1007 100M 


diagnosis of 771*772 


patient positioning, 1011 


suture materials, 1276 
' 1 h u ract isu >p y, 13 0-131 


,772 

medical management of 772 


postope rat i ve cu re a 3 jd asse ss m ent. 1013 Mil 4 




p reop era 11 ve ct 3 n :>] u e t; 
st 1 t u re u ia ter la Is, J 01 3 


chest lube placement, 791, 742 1 


subcutaneous emphysema secondary to, 770 
surgical treatment of 772 
Thoracocentesis, 788 

Thoracodorsal axial pattern flap, 171. 172f 
Thoracolumbar di 


for pneumothorax, 802 


anesthesia tor, 760-761, 7611 


definition of 760 
intercostal, 764,765f-766f 
intercostal spaces for, 763t 
lateral inlereoslaf 3 S 0, 3 12( 


breeds at fee ted, 1278-1 279 


long oblique, 1012. 


short oblique, 1012, 1012f 


diagnosis of 1278 1279 


transverse, 1012, M'H2f 


differential diagnosis, 1279 
medical management nf 1281, 128It 


open, 

right lateral. 310-311,313f 


Ll ' 


111V 


V 


description of 1017-1020 


surgical treatment of 1020 
Tibia! plateau leveling osteotomy, i 115, 11 
Tibia! tuberositv 


Thorax, 150 


physical examination findings, 1279 
radiographic findings, 1279, 


: pattern, 52, ?2f 


■ suture 


Thymectomy, 817-818 
Thymic branchial evsts 

sf • . • . " ■* 


sites for, 1382 


staging of, 12HC.it 


transposition of, I I38f J 139 

Tidal volume, 680 

Tie-ovei 
Tissue a 

Tissue expanders, 136-168 
I iss lic fo rcep s, 46f- 3 8 f 3 6-37 

To fra nil. See Imipraminc, 


definition of, 815 


rgi c al t rea t me n t of 


con si derations. 1 282t-1283!, 


nil ixi m i l 


Thymomas 


1282-1283 
anesthesia, 1282 


vex. 48 


diagnosis of. 816, Hl6f 


ression, 1282-1284. 12841 


is, 817 


medical management of 8 i 7, 8171 


duroUimy, 1284 
fen e>L ration. 13-82 


glossectomv of 274, 282, 283f 


prognosis, 818 


cell carcinoma ot 28 3 E 


dorsolateral, 1285t, 1287, 128/f 


s 


To ns 41 ectomv 


staging of 815,8 36t 


lateral, 1285, I285f 32861 


nf 837-838 


ventral, 1285, 1285t 


lI I 


surgical technique fim 260, 282. 2821 


hemilaminectomy, f 2841 


Ur 


Thyroid carcinoma 


I 


Torbi] trol. See B uto r p h a nol. 


pediculecuimy, I 284t 


-1 I 


intestinal 


jS diagnosis, 528 


postoperative care and assessment 
p reoperat ive man agernen t, 1282 
prognosis, 1287 


, 1287 


- J I I 


breeds affected, 395 


definition of 395 


pathophysiology of 527 
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on ! \3 




: ant'd 


I ran in a 


Torsion- cont d 
intestinal—cont'd 


* 


osteotomy of 
tor lengthening 
for shortening of ulna, 1086, 10861 


' of, l V36 1337 


r« 


prognosis, 1339 

surgical treat mem of 1338-1339 
peripheral nerve 
definition Of, E 350 


LO SIS, 

management of, 396 

pathophysiology of, 395, 396f 


Bfe' 


me 


107 3,1078 


shortening of, I Oho, I08bf 


d tag n o si s of, 13m □ - ] 351 


surgical treatment of. 397,3971 


. i | 


non 


splenic, 5 


■# * - 


Torsional, 843f 




Total ear canal ablation, 334, 2551 236f 238,243 
Total parenteral nutrition 

diet for, 72,731 

hyperalimentation of 74 


« 


definition of, 948 
diagnosis of 948 


prognosis, 3353 
stretching or avulsion, 1349 
surgical treatment of, 1352-1353 
transection, 1347-1349, I348f 


nod assessment, 931 


prognosis, 951 

surgical treatment of 948-931 
suture materials for, 951 
metaphyseal 
definition of, 945 


joint luxation caused by, 1057 


'Tby breeds, l99t 


vumera 


Trachea 


•4N 


considerations for, 770 


anatomy of 720 
collapse 


diagnosis of, 771-772 


d i t’fe ren tial d lag nosis 


772 


I 


differential diagnosis, 948 


definition of 7411 


diagnosis of 740 741 


postoperative care and assessment, 951 


subcutaneous emphysema secondary to, 7711 
ical treatment of 772 


>sis, /■? I 


,! ■: 


sur 


m 


surgical treatment of. 948-951 
suture in a ter ia Is for. 95 I 


frac L Li res an d J u xat i on s c an sed 


thoracolumbar spine 


pathophysiology of, 740 
prognosis, 744 


by, 1285 


cement for, 743,743f 
surgical treatment of, 742-744 
hypoplastic, 740, 7401 

resection and anastomosis of 72 1 723, 7231, 726 


573 


ring pb 


1 


complications 


of, 954 - 955 


trephination, ectropion corrected using, 213, 2131 


definition of 9c I 


ar skin defects, 162, 1631 


nundisplaced, 954 


Trk'losart, 28t 


of 952 

care and assessment, 954 


Trigeminal nerve, i 199 


stenosis of, 74(1 


▼ 


,516, 520, 52It 


tumors of, 745 -748 
Tracheo sc opy, 74! 


prognosis, 954-955 
surgical treatment of 952-955 


Trimethoprim- 


L- 


fur aspiration pneumonia 


r 




3 ■*“ 


.synonyms for, 952 


complications of", 726 
definition of, 716 

description of, 720 

permanent, 720-721, 722f, 726 


for pyometra, 642t 
for renal surgery, 551 ( 

Trimethoprim- 




1 


sulfonamide combinations, 63 


tumor 


I. 


I* 1 ! 




spine fracture and luxation evaluations. 


Im-EDTA. HO-141,2421 
Trochlear groove 

recession of 1136* H37f 

resection of, 1136-1138, 11371 
Trochlear nerve, 1199 
Tube gastropexy, 3461-3471. 346-347 


cen 


Tracheotomy 


1257 




ectopic ureter evaluations, 561 
intraoperative, S 210 


technique, 720, 72 If 
Tracrium. See Atracurium. 

Tranquilizers, 94,95t 

Transabdominal prepubic cystoscopy, 132-133 


■ 




I 


aticm£ p 50 7-508 


■r i - j 


1 


Tubed pedicle flaps, 168- K-,9, 1691 


pregnancy 
splenic torsion evaluations, 543 


'!Vansfusid c is, blood 
indications for, 21 




tit mor. 

nic cavity, 230, 23if 




ft 


FI - 


Transitional cell carcinomas 


diagnosis of 259-260 


location of 259f 


technique, 404f- 


oms, 598 




medical 




u 


s 


pdlhophysiology of, 597 


ra 


] L 


I 


surgical treatment of, 260 261 


prognosis, a99 600 


Ml 


surgical treatment 


of 598-600 


"I 


P 1 


■b 


Transmissible venereal tumor, 750, 7x5 


Ununited anconeal process 
de!i n i do n of 107 5 
diagnosis of, 1076 

tial diagnosis, 1076 


rransposition flaps, 166, I67f 


definition of 363 


Tra nsven oti s ret n: i g rade por to gr a phy. 465 466, 4661 






characteristics of, 827, 828f 
femoral midshafi, 989, 991 i 
radial, 943-944, 945f 


teren 


neoplasia-induced, 364 


* 


prognosis, 1078 

treatment of 


reduction of 890f 




SUE 


Ira} 

Trauma 

cervical spine fractures and luxations caused by 




i, 1077 


surgical treatment of 365 366 
synonyms lor, 363 




patient positioning, 1077 


1255,12561 


postoperative care 

removal of a n 
1078 


U1 n a 


diaphragmatic hernia. See Diaphragmatic hernia, 
elbow luxation caused by 


lmI process, I077f- 


frac Lures of. See 1 'tnar fractures. 


t 


3 




Upper motor neuron, 1201, I 


definition of, 955 
diagnosis of 956 


me d ica I 


L 1 pper respir atory 


open reduction, 1081-1082, 


,1 - ■ 


jsis, 956 
medical management of 956 
osteotomy lor, 957-958, 9584", 961-962 


ions, 


patliuphysiobgy of 1079 


i"? 


■J, J 


V 


axis, 71S P 71 Bt 


prognosis, 


p »3 


complications of 726 727 


1079-1080 


s, ! 




corticosteroids before, 71 7. T7t 


is, 956- 


su r gi ca! ire a t m en t of 1081-108 3 


heating alter, 724 


9 5 7. 


pat hop hysiobgy of, 95 5 956 
prognosis, 962 


x 


1 1 age cures, 9x5-956 
surgical treatment of 9x6-% I 


It 


acnosis, 1337 




examination of 717, 7171 


anagemen t of, 133 7 1 338. 133 8t 


medical m 
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tapper respimr 

con I "d 

nasal catheter lor oxygen delivery, 726t 

oxygen supplementation, 717 

postoperative care and assessment, 725 72b 

prenperative management: of, 716-717 

suture materials, 724 

■ 

I're e er s u rger y. See a ha specific pm eed 
anatomic considerations, 551 
a n es thesis for, 550,5 50i 
antibiotic prophylaxis, 550 
biopsy, 551-552 
definitions, 549 
healing after, 556,558 
postoperative care and assessment, 558 

preoperative considerations, 549 
suture materials, 558 

techniques, 551-555 

Ureteral anastomosis. 554. 556 , 55fif-557 
Ureteral ectopia 
breeds affected, 559 
definition of, 558 

diagnosis of, 559-560 
differential diagnosis. 561 
extramural. 558* 560f 
intramural, 558, 56tif 
medical m a nagem en t o f, 561.5611 
pitthophysinlogy of, 5 58 - 55 9 ,559f 
prognosis, 564-565 
radiographic findings, 561,56If 
surgical treatment of 
description of. 562 
instruments for, 564 
neoureter ostomy, 562.563f 

post o perat i ve care n n d a ssess m en t, 5 64 
suture materials, 564 

ureteroneo cyst ostomy 562, 564 f 
Ureterneocystostomy, 549. 556, 562, 564f 

Ureienolithiasis, 565 

Ureterolithotomy, 565 
Ureterotomy 

definition of. 549 

description of. 565 
technique, 554, 555f 
LYethra 

hypoplastic, 602* 6 G 2 f 
intrapelvic anastomosis. 578-579 
prolapse of, 595f-596f p 595-596 
reconstruction of, 665 
trauma to. 573 
Urethra] surgery 

age considerations. 587 
complications of, 586-587, 599 

healing after. 585-586 

postoperative care ami assessment, 586, 599 
Urethrocystoscopy, 332-133 
Ure t h r ns tom y 

complications of, 607 

definition of, 572 

indications. 581 
perineal 

canine. 582,583f 
feline, 584,605-607, 606 f 
prep u bi c, 5 8 2 - 584, 583 f- 58 f 

prescrota], 581-582, 58 2 f 
sc rota J, 582, 582f-5S3f 
SLtbpiibic. 582,584, 584f 

Urethrotomy 

p 

definition of 572, 590 
indications. 580 

perinea 1.580-5 8 1,58 If 
prescrotal, 580, 58Of 

Urinary bladder. Set bladder; Bladder surgery. 
Urinary diversion, 584-585, 585f 
Urinary incontinence 
breeds affected, 600 
definition of, 600 
diagnosis of, 600-603 
differential diagnosis, 601 
medical management of, 601, 6011 , 63It 
ovariohysterectomy, 630 

pathophysiology of, 600 

surgical treatment of 
bladder flap reconstruction of hypoplastic 
th ra, 602, 602f-60 3 f 


n r - .>cj , it's <> spffific prot 


edit re. 


Urinary incontinence—corn'd 
surgical treatment of—cont'd 
colposuspension, 601,603 f 

cysiourethrupexy, 601 

description of, 601-602 

sling procedure, 601-603 
Iran spd vie sling, 603-603 

Urinary tract in lection, 592 
Uroabdomen 

considerations for, 587 
definition of, 572, 587 
diagnosis of, 588-589 
differential diagnosis, r 'H9 
hyperkalemia caused by, 872 
medical management of, 589 
pat ho physi ology of. 587 
surgical treatment of, 589-390 

Uro hydro pro pulsion, 593. 593 f 

Urolithiasis 

breeds affec ted, 59 J -592 
definition of, 565, 590 
diagnosis of, 566, 592 
differential diagnosis, 566,593 

medical management of, 566, 593. 593f, 594r 
pathophysiology of. 590 
prevention of, 59 11 

prognosis, 593 

surgical, treatment of, 566-567, 593-594 
treatment of, 39 It 

Ltrohydropmpulsion for, 593, 593f 
urolith types, 59It 
Uteri] s 

drug-induced contractions, 6241 
neoplasia ofi 638-639 
prolapse of, 646 648 


Ventricular septal defect 
definition of, 696 
diag 

differential diagnosis. 697.697t 
medical management of, 697 
pathophysiology ( >f, 696 - 697 

prognosis, 698 

surgical treatment of, 697-698 
Vcn triculocordcctomy 
complications of, 726 727 
definition of. 716, 723 
laryngotomy approach, 723-724, 725f 
oral approach, 723, 724f 

Ve rsed. See M ida zolam. 

Vertebral body plating, dorsolateral, 1294t, 

1294-1295 

Vertebral oolum n. 10 If 

Vertebral osteomyelitis, 336J 
Vertebral tipping 
characteristics of, 1237, J239f 
medical management of. 1242E 
surgical treatment of. 1244t, I249f 
Vertical mattress suture pattern, 50. 50f 
Veslosef. See Ceph radi n e. 

Vestibulocochlear nerve, J199-1200 
Veterinary cuttable plates, 882 
Vibramycin. See Poxycyclme. 

Vitamin K, 475t 
Volvulus, intestinal 
breeds affected, 395 
definition of, 395 

diagnosis of, 395-396 
dilierenrial diagnosis, 396 
medical management of, 3% 
pathophysiology of, 395, 3961 
prognosis. 398 

surgical treatment of, 397,3971 

Vom i ting 

induction methods. 353, 3541 
treatment of, 354t, 424 
von Willebrand disease, 274 
von Willebrand factor* 516 
V- to- V plasty, 160, 161 f 
Vulva, 614-625 
Vulvar folds, if98 
VuJvoplasty. See Ep isioplasty. 

V-Y correction of ectropion, 213-214, 215f 


ant’d 


s of. 697 




ure 


V 


Vagi n a 

bacterial flora of* 6] It 
cytologic assessment, b I I 
examination of, 611 
prolapse of, 644 646 
Vaginography, 61 ] 

Vagus nerve, 1200 

Vaigtis. 843 f. 1143 

Valgus angulation, 1128 
Valgus position* 963 
Valium. See Diazepam, 

Va Ive dilat ion 

for aortic stenosis, 695, 696f 

_ for pulmonic stenosis, 690-691.69 If 
Va ncom yci n, 63 1 

Varus, 843f, 963, II43 
Varus angulation* 1128 
Va ru s st ress tes t. 1126 
Vascular ring anomalies 
considerations for, 335 
definition of, 334 

diagnosis of, 335 
differential diagnosis, 336 
medical management of, 336 

pathophysiology of, 335 
prognosis, 337 

radiographic findings, 335, 3361 
surgical treatment of, 336-337 
syn ortyms for, 334 
Vasectomy, 622-623, 623f 

Vasogenie edema, 1322 
Velpeau slings, 840-841, 84If 
Venous sinus hemorrhage, 1233, 12141 

Ventilation systems. 13 

Ventilation/perfusion mismatch, 680 
Ventral bulla osteotomy, 237f-2.W, 237-238 
Ventral mid line celiotomy 
in ca ts* 255, 256f 
in female dogs, 255, 256r 

in male dogs* 256f, 256-257 
Ventral slot 

decom pression by, ] 24 5 
d efi n iti o ft of, 1213 
techniques for, 1216-12 20 
Ventricular dysrhythmias, 682 
Ventric u] a r septa] defect 

aortL insufficiency associated with. 697 


w 


Walking sutures, 158, 158f 
Wet - d r y ha nd ages* 148 
Whedba fro wing, 1194 
Whi p pj e’s tr tad, 51 Ot 
Wire tensioners, 8691, 869-870 
Withdrawal reflex 
pelvic limb, 1195-1196, H97f 
thoracic limb, 1196 
Wobbler syndrome 
breed5 affected, 1237 
chronic degenerative disk disease 

characteristics of, 1237, !23St, I 239 f. 1242 t 

medical management of. 1242t 
surgical complications in, 17491 
surgical treatment of, J244t 
classification of, [238t 


congenital osseous malfomiatk 
characteristics of, 1237, I238t. 1239f 
medical management of, I 242 e 
surgical treatment of, E244i 
definition of* 3237, 124 [ 
differential diagnosis, 1241. I242 e 
hourglass compression 
characteristics of. 1237, 1239. I240f 
medical management of, J242t 
surgical complications In, 12491 

.surgical treatment of, 1244r 

ligament uni tlavum hypertrophy 

character Lsdcs of, [237, 123 9 f 

medical management of, 1242 1 

surgical treatment of, 12441, 12491 
m ed ical 


ms 


ma n agem en t of, 12 4 1 -1243, 12421 
path ophysio I ogy of, ] 2 37* J 238f-12 3 % 1239 
pharmacologic therapy, 1242-J 243, I243t 
radiographic findings/1240, 124 It 


ure 
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Wound I;eali n g 


Wound 

anesthesia for inspecting! 138 

antibiotic prophylaxis, 64, 66- 67,67t-6£t, 138-1 ■ ,; 

bandages for, 149-15(1 

burn, 188 


Vv . ibbler sy nd j o me—co n t‘d 
surgical treatment ot 


B C 1 


external factors that affect, 137 


[]i factors i rtvnl ved in, 137 


I « e 




co m pi it at ton s, L 2 49t, 124 9 -12 50 

decompression 

dorsal laminectomy, 1248, 

ventral slot, 124 5 
malm merits for, W4K, 42491 
objective*, 1243 


host factors that affect, 136 
maturation phase of, 136 
repair phase of, 135-136 
secondary, 188 
stages of, 134-136 

wound characteristics that affect, 136-137 




c I ass i lica t in n of, t>41, 04 -6 5 


* 


dean, 64, 64t 

dea n-contam i nated. Mt. 64 - 66 
closure of, \ 42-143 

contaminated, 641, 63 

contraction oi. 136, 144 
dc bride men t of, 158, 18 8 
d eh i seen re of, 2 5 8 


ca re a nd asse^tnent, 1248 12 49 
preope rat] ve mana ge me nt, 1243 


Xenografts, 894 


delayed closure of 143 


l/j 1 u 1 a 


Xylazine, 94, 951. 98, 3541 


de v i t a ] ized 1 i ss ue re m ova 1, 138 


with Harrington spinal detraction rods, 1247 


Xvlocaine, Sir Uducaine, 


1248,I248f 


characteristics of, 641, 65 


Y 


sutures for, 48 


1246-1247 




edge* of, ! .or 


, 1245M246f, 


with pins and meibylrnethacrylate 


21 1,212f 


correction ot entropion 


Y-1 o ■ V 


infected, 137, 144 


1245 1246 


V U pyloroplasty, 345-346, 346h 362 


suture materials, 1248 
Techniques, 1243, 12.441 
ventral slot decompression, 1245 
synonyms for, .1237 
ultrasonography findings, 1249, 124it 
ven t ra I arc h m alformat ion 


z 


maturation of. 136 






Z plasty, 160, 16If 


open, 137, J43 


Zantac, See Ka n i t id i 1 1 l\ 


postoperative 

pressure sores, 191-192, 192T 

pulsed 
scarring, 144 
secondary closure of, 143 
n npi l al med lea r i 0 ns for. 139 -140 


an d assess nu j n t s, 14 3 144 




Y.c 1 .1 >■ >. i rie. .Sec C. d m e t azol v 


Zepp procedure, 2321 


ic fidd treatment of, 14 ! 




Zith roman, Sc? Azithromycin. 


s u r gica) t rea 1 m ent of, 12 441 1249t 


• 1 


vertebral tipping 




Zollinger-E 


syn d rc) r tie r 


364, SOU 312-514 


Z-plasty, I I6 e> 


Wound healing 


of, 1242t 
surgical treatment of. 3 244t 


resection, 10461", 1047 




blood supply 


,136-137 

debridement phase of, 1 35 
de finit ion of, 134 


o 




Zyloprim. See AJlopurinoL 
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